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Chronic inflammatory skin diseases are the most common topical disorders and the fourth 

cause of global disability. Among all, psoriasis (PS) and atopic dermatitis (AD) are the most 

frequent chronic and recurrent inflammatory diseases of the skin. Atopic dermatitis has a 

strong Th2 factor while psoriasis is a disease driven by Th17. The actual treatment, which 

involve the combination of topical, systemic and biological therapy, is characterized by 

numerous adverse effects, which reduce patient compliance, lead to the limitation of long-

term use and limit the therapeutic efficacy. Therefore, there is a great need for the 

continuous development of novel, effective and safe coadjuvant treatments. In recent 

years, preclinical studies have demonstrated the role of oxidative stress in the pathogenesis 

of both psoriasis and atopic dermatitis and natural antioxidant compounds seem to be ideal 

molecules for the treatment of these diseases. For this reason, mangiferin and naringin, 

natural polyphenols with potent antioxidant properties were selected to be used as 

coadjuvant in the treatment of these diseases. However, the effectiveness of mangiferin 

and naringin is limited by their low solubility and low bioavailability in vivo. Thus, their 

incorporation into innovative and effective nanocarrier as seems to be the most suitable 

solution aimed at obtaining the therapeutic effect. Among the different nanocarriers, 

phospholipid vesicles and nanoemulsion are considered the most promising systems for 

the incorporation of these polyphenols and for their application on the skin. 

In the light of this, the aim of this work was the formulation of specific nanoemulsions and 

phospholipid vesicles. In particular, naringin was successfully incorporated into 

transfersomes, while mangiferin into nanoemulsions dispersed in hyaluronate gels and into 

innovative phospholipid vesicles called glycethosomes. To evaluate the possible synergistic 

effect, mangiferin and naringin were co-loaded into different vesicular systems: 

transfersomes, glycethosomes, glycerosomes, glycethohyalurosomes and 

glycerohyalurosomes. All the developed nanocarriers were deeply characterized by using 

different techniques (TEM, Cryo-TEM, Photon Correlation Spectroscopy, Rheological 

studies, FTIR). In vitro permeation studies were performed to evaluate the accumulation 

and distribution of mangiferin and naringin into and through the skin. Moreover, the 

protective effect of the formulations against oxidative stress damages was evaluated in 

mouse fibroblast cells, whereas the wound healing effect was evaluated in vivo by means 
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of a TPA mouse model. The composition of the hydrating medium used to prepare the 

vesicular systems significantly affected the permeation and the capacity to restore the 

wound of both polyphenols. 

Overall results underlined that both vesicular systems and nanoemulsions can be promising 

systems for the treatment of psoriasis and atopic dermatitis by means of coadjuvant 

therapies.  

 

 

Keywords. Inflammation; skin diseases; psoriasis; atopic dermatitis; phospholipid vesicles; 

nanoemulsions; hyaluronic acid; in vitro studies; fibroblasts; TPA model; mangiferin; 

naringin. 
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Inflammation is a mechanism of defense against external changes or cellular lesions that 

induces the release of mediators from the immune system at the site of inflammation 

(Pireddu et al. 2016). However, an excess of inflammatory response can damage normal 

tissues and cause chronic inflammation, that is the base of inflammatory skin diseases,  

(Zeng et al. 2018). These diseases are the most common disorders in dermatology and the 

fourth cause of global disability. They sometimes represent the primary manifestation of a 

systemic disease and have a substantial impact on the quality of life of patients and on the 

healthcare system (Maniadakis et al.  2018). 

Among all, psoriasis (PS) and atopic dermatitis (AD) are chronic, pruritic inflammatory skin 

diseases of unknown etiology, due to a complex interplay between environmental, immune 

factors and genetic (Parisi et al. 2013). 

Atopic dermatitis usually starts in early infancy, affecting 11-30% of children (Griffiths, van 

de Kerkhof, and Czarnecka-Operacz 2017), but also affects a great  number of adults.  

Psoriasis affects 2-3% of person among children and adults. The incidence is most common 

between 15 and 25 years/ages, but it can affect individuals of any age (Sampogna et al. 

2019).   

The skin lesions associated with psoriasis differ from that of atopic dermatitis as they tend 

to be more visibly defined and chronic plaques, generally with coarse scale. However, when 

viewed as pathogenic disease processes in the skin, there are many similarities and 

overlaps especially in immune activation.  

Atopic dermatitis has a strong Th2 T-cells factor related with the over-production of 

interleukins (IL) such as IL-4 and IL-13, while psoriasis is a disease driven by Th17 T-cells and 

associated with IL-17 activation, both diseases have Th 22 T-cells activation and Th1 T-cells 

with an increased release of IL-22 (Klonowska et al. 2018). The acute phase of atopic 

dermatitis is characterized by an abnormal production by Th2 of cytokines such as IL-5, IL-

4, IL-13 and IL-31, whereas the chronic phase is characterized  by the recruitment of Th1, 

Th22 and Th17 subsets (Figure 1), which inducing keratinocyte responses, attract additional 

circulating immune cells to the epidermis, induce epidermal thickening, with excessive 

release of IL-1, TNF-α, IL-6, IL-12 and IL-18 by recruited monocytes and alter keratinocyte 

differentiation (Werfel et al. 2016).  
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Moreover, atopic dermatitis lesions are characterized by dendritic cells and Langerhans 

cells activated by the release of IL-25, IL-33 and cytokine TSLP (Thymic stromal 

lymphopoietin) from keratinocytes, which in turn play an important role in skin barrier 

dysfunction, chemokine production, suppression of antimicrobial peptides (AMP), and 

allergic inflammation (IgE) (Brandt and Sivaprasad 2011). Clinical studies have suggested 

that IL-5 and IgE, are less important for AD pathogenesis and that IL-22 has a pathogenic 

role only in severe cases of AD (Guttman-Yassky et al. 2018), associated with abnormal 

epidermal markers, such as keratin 16 and keratin 6.  

 

 

 

 

 

 

 

 

 

Figure 1. Atopic dermatitis immune mechanisms. Modified from (Guttman-Yassky, Krueger, 

and Lebwohl, 2018) 

The inflammatory events liable of psoriasis are characterized by the activation of TNF 

(tumor necrosis factor) and induction of nitric oxide synthase–producing DCs (Tip-DCs), 

which produce TNF and IL-23 and subsequently induce activation of Th17 cells  (Hawkes, 

Chan, and Krueger 2017). Cytokines IL-17, TNF and IL-23 have a pivotal role in the 

pathogenesis of psoriasis (Figure 2). TNF might also contribute to the development of 

psoriatic dermatitis through the activation of keratinocytes: TNF and IL-17 synergistically 

stimulate keratinocytes to fully produce key inflammatory molecules in psoriasis, such as 

IL-8 and CCL20. Besides, IL-17 ligands activate IL-17 receptors on keratinocytes and immune 
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cells and work in synergy with IL-22 leading to an increased expression of the 

proinflammatory proteins S100A7, S100A8, S100A9 and S100A12 and antimicrobial 

proteins (AMPs) (Niyonsaba 2016). 

 

Figure 2. Psoriasis immune mechanisms. Modified from (Guttman-Yassky, Krueger, and 

Lebwohl, 2018) 

Atopic dermatitis and psoriasis are becoming increasingly recognized as systemic rather 

than localized cutaneous diseases because skin inflammation is often associated to 

metabolic, cardiovascular and other co-morbidities (Boehncke 2018). The pathogenesis of 

co-morbid disease in patients affected by both psoriasis and atopic dermatitis  remains 

unknown and the magnitude of the risks has not been well defined (Ayala-Fontánez, Soler, 

and McCormick 2016). 

Some studies have reported that patients affected by atopic dermatitis are more 

susceptible of developing other types of dermatitis such as allergic contact dermatitis and 

irritant contact dermatitis. It has been also suggested that the risk of epilepsy is increased 

by the number of allergic disorders, as well as by the AD severity (Silverberg 2018). 

However, less attention has been given to the risk of non-allergic comorbidities of AD, 

which include cutaneous and extra-cutaneous infections, cardiovascular disease and some 

cancers. In addition,  different studies underlined the possible connection between atopic 

dermatitis and  type 2 diabetes (Drucker and Harvey 2019), lymphoma (Ruff et al. 2017) or 
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autoimmune diseases (Crohn’s disease, ulcerative colitis, celiac disease) (Andersen et al. 

2017; Oliveira and Torres 2019). 

On the other hand, several studies have underlined the possible connection between 

metabolic syndrome (insulin resistance, obesity, hypertension) and psoriasis. Hu and Lan 

(2017) found an increased risk of myocardial infarction in patients affected by severe 

psoriasis. Besides, psoriasis has been associated with developing dyslipidemias, indicating 

that there is a genetic component in this disease. Several studies suggested that chronic 

inflammation, especially vascular, may be more frequent in patients with psoriasis and may 

contribute to atherogenesis (Puig 2017). 

Both diseases are associated with several psychiatric disorders, including depression, 

anxiety, and suicide tendency (Farzanfar et al. 2018), mainly related to the negative effect 

of this disease on the quality of the life of patients. For this reason, an early recognition of 

the disease and an adequate treatment to decrease the risk of physical and psychologic 

morbidity is needed. The treatment generally involves different approaches, which include 

education of patients and their families, identification of triggers and pharmacological and 

non-pharmacological measures aimed at relieving pruritus and reducing inflammation. 

Regarding pharmacological treatment the conventional therapies can be divided into 

topical administration, systemic therapy and biologics. 

Among the topical drugs, calcineurin inhibitors, steroids, vitamin D3 derivatives, retinoids, 

dithranol, keratolytic agents, and coal tar are the most effective. The choice of a topical 

treatment depends on different factors such as the type of psoriasis, the site of the lesion 

and the patient’s needs (Torsekar and Gautam 2017). Calcineurin inhibitors (tacrolimus and 

pimecrolimus), which inhibit an intracellular enzyme involved in the regulation of gene 

transcription in T lymphocytes, are used especially in the most difficult to treat cases. 

Corticosteroids are used to treat acute disease exacerbation mainly because of its ability to 

produce vasoconstriction. Vitamin D3 analogs (calcipotriol, calcitriol, and tacalcitol), act 

inhibiting keratinocyte proliferation and differentiation along with the inflammatory 

response (Mahajan 2016). Recent studies reported that the combination of topical 

corticosteroids and vitamin D3 analogs may be more effective thanks to the synergistic 

effect of the different drugs.  
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Keratolytic agents including salicylic acid, lactic acid, and urea are also widely used for the 

treatment of these skin disorders as they promote physiological shedding by disrupting 

intra-keratinocyte adhesion in the uppermost layer of the epidermis (Jacobi, Mayer, and 

Augustin 2015).  

Phototherapy, such as ultraviolet B irradiation or the combination of psoralens and 

ultraviolet A irradiation (PUVA), represent one of the oldest topical therapy for psoriasis, 

based on the induction of apoptosis in T lymphocytes and Langerhans cells (J. Thomas and 

Parimalam 2016).  

Generally, conventional topical treatment is not able to effectively counteract the diseases 

mainly because of their low rate of absorption. For this reason, to keep the disease under 

control, multiple periods of treatment are required which are often associated with an 

increased risk of adverse effects (Pinson, Sotoodian, and Fiorillo 2016), especially in those 

patients with moderate to severe generalized psoriasis.  

Table 1 Summarizes the adverse effects associated with conventional topical treatment. 

Table 1. Adverse effects connected with conventional topical treatments  

Topical agent Effects Adverse 

Calcineurin inhibitors Itching and stinging 

Glucocorticosteroids Skin atrophy after long term use 

Vitamin D3 derivatives Stinging, burning, and peeling skin 

Retinoids Redness, peeling, itching, burning 

sensation 

Keratolytics Redness, swelling, tenderness, and 

pustules 

Dithranol Redness and irritation 

Coal tar Redness, burning, itching, and skin 

staining 

Ultraviolet B irradiation (UVB) Burning and itching 

Psoralens plus ultraviolet A 

exposure (PUVA) 

A risk for skin cancer 
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Patients with moderate/severe psoriasis and atopic dermatitis who do not adequately 

respond to topical therapy, need to be treated with systemic drugs and biological therapy. 

Cyclosporine, an immunomodulatory drug that inhibits IL-2 production, is the first option 

for systemic treatment of AD. Mycophenolic acid (MPA) is used in adult patients when 

cyclosporine therapy is not effective (Giavina-Bianchi and Giavina-Bianchi 2019). 

Moreover, a randomized trial demonstrated that the effect of both azathioprine (a purine 

synthesis inhibitor) and methotrexate (antimetabolite) was similar in patients with severe 

AD and PS (Johnson et al. 2019). 

Increasing knowledge regarding the molecular pathogenesis of psoriasis has hastened the 

development of targeted therapy by using monoclonal antibodies that target specific 

mediators of inflammation, avoiding the release of cytokines or other mediators that play 

an essential role in the pathogenesis of this disease (H. J. Kim and Lebwohl 2019). 

Dupilumab is an interleukin (IL)-4 receptor α-antagonist that inhibits the release of IL-4 and 

IL-13 when administered subcutaneously resulting in a significant clinical and symptomatic 

improvement in adult patient with moderate to severe AD (de Bruin-Weller et al. 2018). 

Tralokinumab and lebrikizumab are specific inhibitors of IL-13, while nemolizumab is a 

specific inhibitor of IL-31, which have demonstrated good potential in clinical trials (Mihara 

et al. 2019; Wollenberg et al. 2019). Fezakinumab, a monoclonal antibody against IL-22, 

was also effective in the treatment of patients with severe AD in phase 2 trial (Guttman-

Yassky et al. 2018). Recently, Janus kinase (JAK) inhibitors as barcitinib have been used for 

the treatment of a wide range of inflammatory diseases, demonstrating their efficacy in AD 

and psoriasis (Fragoulis, McInnes, and Siebert 2019). 

However, even with the availability of various options of systemic and biologic treatment, 

most of the efficient treatment modalities are costly. 

Although treatment can afford patients greater degrees of disease improvement, there is 

no cure for theses inflammatory skin diseases and the most effective are often associated 

with different adverse effects, which lead to the limitation of long-term use and 

dramatically reduce the compliance of the patients.  

Table 2 summarize the side effects connected with the use of systemic drug or biologic 

therapy. 
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Table 2. Adverse effects connected with systemic administration of drugs and biologic 

therapy. Modified from (Alexander et al. 2019) 

Systemic agent Effects Adverse 

Ciclosporin Hypertension, thrombocytopenia, liver 

enzyme increase, dyslipidemia, 

leukopenia 

Methotrexate Infections, liver enzyme increase,  

anaemia, leukopenia, pancytopenia, 

fatigue, 

renal impairment, fever, malaise 

Azathioprine Lymphopenia, neutropenia, liver enzyme 

increase, skin infection 

Mycophenolate 

mofetil 

Nausea, headache, fatigue, muscle ache, 

infections, serum creatinine increase, 

leukopenia 

Dupilumab Nasopharyngitis, headache, 

conjunctivitis, skin infections, herpes 

viral infections 

Nemolizumab Nasopharyngitis, peripheral oedema, 

headache, impetigo 

Ustekinumab Nasopharyngitis 

Fezakinumab    Viral upper respiratory tract infection 

Baricitinib Headache, nasopharyngitis, cellulitis, 

infections 

Tralokinumab Nasopharyngitis, arthralgia, syncope 

 

The combination of biologics with complementary and alternative medicines may guaranty 

the reduction of the dosage, the maintenance of the initial response of biologics and the 

reduction of the side effects. In the light of this, different studies revealed that the use of 

natural products for the treatment of atopic skin diseases and psoriasis can represent a 
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valid alternative as they are safe, systemically non-toxic, cost-effective, efficacious in 

combination with conventional therapeutic strategies and improve the compliance of the 

patiences. 

In the last years, a large range of crude natural extracts and herbal oils have been applied, 

alone or in combination, to relieve the symptoms and reduce severity of these skin 

diseases. Natural herbal oils such as grape seed oil, olive oil and virgin coconut oil have 

demonstrated to be able to reduce the exacerbation and alleviate the disease progression. 

Many studies have shown that the phytochemicals as phenolic acid and polyphenols 

contained in virgin coconut oil exhibited a strong effect decreasing inflammation in both 

psoriasis and atopic dermatitis (Chew 2019). It has also been observed that the application 

of a cream containing olive oil on skin lesions, strongly reduced psoriatic signs. Luteolin-7-

glucoside, a flavonoid present in olives, seemed to have a promising role in modifying cell 

cycle regulation (Santangelo et al. 2018). However, further studies seem to be necessary to 

evaluate the real contribution of this herbal oils on T cells imbalance, that is a trait of this 

immune diseases. 

Among several therapeutically viable crude extracts, malva sylvestris leaves have shown 

promising anti-inflammatory activity in acute models of skin inflammation as it was able to 

counteract the proliferation and migration of leukocytes and the oedema. Prudente et al. 

 (2017) demonstrated that these effects were mainly related to the main active compounds 

(malvidin 3-glucoside and other anti-inflammatory compounds) contained in the 

hydroalcoholic extract. 

Artemisia capillaris and mahonia aquifolium extracts showed potential therapeutic effects 

as well. It was reported that the application of the alcoholic extract of artemisia capillaris, 

reduced the atopic dermatitis‐like skin lesions in Nc/Nga mice (S. Y. Lee et al. 2018). 

The extract of mahonia aquifolium contains berberine, an isoquinoline alkaloid that was 

able to reduce immune markers, hyperproliferation and inflammation in psoriatic and 

atopic dermatitis lesions (Janeczek et al. 2018). 

In spite of these good properties, the components contained in crude extracts are usually 

complex and their content is often uncontrollable. Therefore, there is a great need for the 
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continuous development of novel, effective and safe treatment for psoriasis and atopic 

dermatitis.  

In recent years, preclinical and clinical studies have demonstrated the role of oxidative 

stress in the pathogenesis of inflammatory diseases (Xu et al. 2017; Kizilyel et al. 2019). 

Hence, pure natural antioxidant compounds as curcumin, resveratrol, baicalin, rottlerin, 

delphinidin have gained much attention as possible candidates for novel therapies (Nardo 

et al. 2018; M. J. Kim et al. 2019). For this reason, naringin and mangiferin, polyphenols 

with antioxidant properties were tested in this work as a possible bioactives to be used as 

coadjuvant in the treatment of both PS and AD. 

Naringin (Figure 3), 4 ', 5,7-trihydroxy flavonone-7-ramnoglycoside, is a glycosylated 

flavanone that is formed from naringenin and neohesperidosa and is the main active 

component of Chinese medicinal herbs, such as Drynaria fortunei, Citrus aurantium L. and 

Citrus medica L. (J. Zhang et al. 2014; Yin et al. 2015; Chtourou et al. 2015). There are several 

in vivo and in vitro studies describing their pharmacological effects: anti-inflammatory (El-

Desoky et al. 2018) anti-cancer (Ming et al. 2018), anti-oxidant (Zhou et al. 2019) and anti-

microbial (AlMatar et al. 2019). Several studies confirmed that naringin plays an important 

role in increasing and regulating the gene expression of superoxide dismutase and catalase 

(Jeon et al. 2001). 

 

 

 

 

 

Figure 3. Naringin: chemical structure 

             (https://www.sigmaaldrich.com/catalog/product/sigma/71162?lang=it&region=IT) 

 

Mangiferin (Figure 4), 1,3,6,7-tetrahydroxyxanthone-C2-β-D-glucoside, is a C-glucosyl 

xanthone, and it is the main active component of the Anacardiaceae and Gentianaceae 
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families. It can be isolated from several parts of Mangifera indica L. (mango), including 

leaves, bark, stem, fruit peels and root. 

It has been proven that mangiferin exhibits many pharmacological and biological activities 

such as anti-oxidant (Peng et al. 2019), anti-tumoral (G. Yang et al. 2019), anti-microbial 

(Biswas et al. 2015), anti-inflammatory (Rocha et al. 2018). Further, it is well known that 

mangiferin can modulate the genes related to nuclear factor-kappa B (NF-kB), reduce the 

protein expression of cyclooxygenase-2 (COX-2), and enhance the glyoxalase 1 function, 

which are all involved in its anti-inflammatory effects (Bhatia et al. 2008). 

 

Figure 4. Mangiferin: chemical structure 

(https://focusbio.com.au/products/mangiferin/) 

 

However, the effectiveness of these natural products is limited by their low solubility, high 

molecular weight and bioavailability in vivo. As a consequence, they do not reach the site 

of action in an adequate concentration to exert an effective pharmacological effect, thus, 

their potential health benefits are significantly limited. Topical administration of these 

natural compounds could be a promising approach to increase their bioavailability and 

enhance their therapeutic efficacy, but it requires an efficient penetration of these 

compounds through the skin barrier by a passive diffusion process. Unfortunately, the skin, 

which represent the most important natural barrier of our body, comprises a series of 

layers that are a big obstacle for most of the drugs topically applied. The main layers of the 

skin, from the deepest to the outermost strata are hypodermis, dermis and epidermis. The 

dermis is composed of fibrous proteins, salts and water. Blood and lymphatic vessels, nerve 

endings and sweat glands are embedded within the dermis. The epidermis does not contain 

https://focusbio.com.au/products/mangiferin/
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blood vessels and consists of five layers, basal layer, spiny stratum, granular stratum, lucid 

stratum and stratum corneum. The stratum corneum is considered as the speed-limiting 

barrier in transdermal permeation of most molecules, it comprises 15-20 layers of 

corneocytes (Zsikó et al. 2019).  

Basically, molecules applied on the skin surface can follow two diffusive pathways: trans-

appendageal and trans-epidermal routes. The trans-appendageal route includes the 

transport of active molecules through hair follicles and sweat glands. These routes have a 

relatively small area and has been considered of minor importance. However, recent 

research indicated that sebaceous glands and hair follicles are associated with 

dermatological disorders such as alopecia, skin tumors and acne (Villablanca et al. 2017). 

Further, the pilosebaceous glands may be the most important route for large polar 

molecules and ions that hardly permeate through the stratum corneum. The trans-

epidermal routes involves crossing the skin layers through two different pathways: 

intracellular (across the lipid matrix and the corneocytes) and intercellular (across the 

continuous lipid matrix between corneocytes) (Chaulagain et al. 2018). Despite its high 

tortuosity, intercellular route is widely accepted as the main route for a few natural 

compounds and for those slightly lipophilic (Jankowski, Dyja, and Sarecka-Hujar 2017). 

To overcome these limitations, during the last decades, numerous studies have been 

focused on the development of innovative nanocarriers able of both incorporate adequate 

amounts of hydrophilic bioactive compounds and promote the accumulation and passage 

of them into and through the skin. A successful drug delivery system designed to be applied 

topically must be able to overcome/cross the main barrier of the skin (stratum corneum), 

taking into account its properties such as gap of tight junction, anatomical locations and 

thickness of the skin (Nauman R. Khan et al. 2015). Among various novel vehicles, the 

nanosized carrier has attained a distinctive position among transdermal/dermal delivery 

systems, especially for the treatment of dermatological disorders such as atopic dermatitis 

and psoriasis (Pradhan et al. 2018).  

The choice of the most appropriate carrier is very important, since it may influence the 

release mechanism of the incorporated molecules (altering the skin barrier properties or 

promoting compound solubilities in the stratum corneum). During the last decades, 
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numerous versatile lipid-based nanocarriers have been developed for dermatological 

applications, as they are capable of fluidizing the stratum corneum as a function of size, 

shape, surface charges, and hydrophilic-hydrophobic balance, as well as facilitating 

molecules penetration/permeation through/across the external layers of the stratum 

corneum (M. Yang et al. 2019). Among the different lipid-based nanocarriers, 

nanoemulsions and phospholipid vesicles have obtained an increased attention especially 

for the topical delivery of flavonoids designed to treat skin inflammatory diseases such as 

psoriasis and atopic dermatitis (Mishra, Shandilya, and Mishra 2018). In table 3 some 

examples are reported. 

Table 3. Flavonoids incorporated in nanocarrier for the treatment of skin inflammatory 

diseases 

 Nanocarrier effect  Ref 

    

Nanoemulsions Enhance curcumin permeation to 

deeper skin layers and improve their 

anti-inflammatory effects in wound 

healing 

 (Yousef et al. 2019) 

(Ahmad et al. 

2019) 

Gellan-transfersomes Improved baicalin activity for 

restoring the structural and functional 

conditions on damaged skin by TPA 

 (Manconi et al. 

2018) 

Hyaluronan ethosomes Increase curcumin anti-inflammatory 

activity on inflamed ear skin induced 

by imiquimod 

 (Y. Zhang et al. 

2019) 

 

Nanoemulsions and liposomes could enhance the chemical stability of unstable molecules 

by protecting them from oxidative and light degradation. These carriers have been used to 

incorporate a great variety of hydrophobic phytochemicals as nobiletin, luteolin, quercetin 

(Liao et al. 2018; Shin et al. 2018; Hatahet et al. 2018). The similarity of these transdermal 

systems with the skin membrane especially for lipid composition, as well as their small size, 

improve/promote the permeation of different active biomolecules into deeper skin layers, 

ensure their controlled release and decrease their clearance from the epidermis. 

Therefore, using nanocarriers side effects reduction and greater effectiveness along with 



 

18 
 

an increased patient’s compliance can be reached. Further, nanocarriers are often the first 

choice for the topical delivery of bioactives thanks to their biodegradability and increased 

agent active load. 

Nanoemulsions are biphasic dispersion consisting of droplets dispersed in an external 

phase, completely immiscible with the internal one, and stabilized by an appropriate 

surfactant mixture. These systems, even having similar size distribution, differ significantly 

from microemulsion in terms of thermodynamic stability (microemulsions are 

thermodynamically stables). Indeed, nanoemulsions have superior kinetic properties, 

improved drug incorporation and stability in comparison with conventional emulsions, 

mainly because of the nanometer range of the droplets. The small size of the particles and 

the low surface tension among oil and aqueous phase avoid the agglomeration or 

precipitation of the particles along with creaming or sedimentation phenomena (Sutradhar 

and Amin 2013). Some research indicates that the droplet size of the nanoemulsions should 

be <100 nm (Marzuki, Wahab, and Hamid 2019), but recently many authors confirmed that 

droplets can have size in the range between 20 and 400 nm and are generally characterized 

by a homogeneous distribution (Shaker et al. 2019). Nanoemulsions can be classified in 

three main classes: oil in water (o/w), in which the oil phase is dispersed in the 

continuous/external aqueous phases; water in oil (w/o) in which the internal water phase 

is dispersed in the continuous/external oil phases; and bi-continuous/multiple emulsion 

where micro domains of oil and water phases are inter-dispersed within the system (Gupta 

et al. 2019). In the w/o nanoemulsions the active agents are mainly solubilized in the 

aqueous phase, while in those o/w the active molecules are dissolved in the oil phase. The 

o/w nanoemulsions are preferred whe lipophilic or poorly aqueous soluble bioactives are 

used. 

The appropriate selection of both preparation method and stirring speed/shear stress is 

considered the key points for the preparation of an ideal formulation for topical application 

(Raval et al. 2018). Among the different preparation methods, high or low energy methods 

are the most used. High-energy method is based on the generation of intense forces able 

of breaking the oil and water phases, forming nanometer-sized droplets (microfluidizers, 

high pressure homogenizers or ultrasonic methods). Low-energy methods use internal 
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physical properties of the system (Jasmina et al. 2017), thus the emulsification is ensured 

by changing some parameters such as composition or temperature, which may affect the 

hydrophilic/lipophilic balance of the nanoemulsions, giving spontaneous emulsification, 

phase inversion methods, and solvent displacement. 

  

 

 

 

 

 

 

 

 

 

Figure 5. Nanoemulsions: preparation methods. Modified from (Gupta et al. 2016) 

The High-Pressure Homogenization is the most efficient and used method for the 

preparation of nanoemulsion. It is based on the combination of different forces such as 

turbulence and cavitation. During the preparation all the components (oil, water and 

surfactants) are forced to pass through a small orifice under high pressure, which, 

depending on the number of homogenization cycles, led the production of nanoemulsion 

with very small droplets (up to 1 nm). The microfluidization is the most used method for 

the preparation of high amount of nanoemulsions. Sonication and ultrasonic 

homogenization methods are widely used to produce, in a small/laboratory scale, small and 

homogeneous nanoemulsions. Ultrasonication is based on the production of cavitation and 

mechanical vibration, which provide the energy requested for the formation of small 

droplets. The size of droplets is significantly affected by the ultrasonic homogenization 
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duration, the power of ultrasonication and the concentration of surfactant. Nanoemulsions 

prepared by using high energy emulsification techniques are thermo-kinetically stable, 

whereas nanoemulsions prepared by using low energy emulsification methods produce 

thermo-dynamically stable nanoemulsion. Low-energy methods are more attractive for 

large-scale production.  Phase inversion temperature method is based on transition of 

phases during the emulsification process. Depending on the progressive temperature 

change, the affinity of emulsifiers varies toward water and oil. The solvent displacement 

method consists in pouring the organic phase (containing oil dissolved) into aqueous phase 

(containing surfactants). The diffusion of organic solvent produced the nanoemulsions. The 

principal limitation of this method is that organic solvent may be removed later by vacuum 

and needs a high ratio of solvent to oil to produce small droplets. Spontaneous 

emulsification methods are obtained by adding water to an oil solution and surfactant 

stepwise maintaining the dispersion under constant stirring to obtain a homogeneous 

nanoemulsion. The emulsification process depends on surfactant structure, interfacial 

tension and concentration, among others (Jasmina et al. 2017; Gurpreet and Singh 2018; 

Kumar et al. 2019). 

Liposomes are vesicular systems consisting of one or more concentric lipid bilayers that 

enclose an equal number of aqueous compartments. They are mainly composed of 

phospholipids, which in water are able to form bilayers because of their amphipathic 

nature. These system are highly versatile as they are able to incorporate both hydrophilic 

and lipophilic drugs (Nisini et al. 2018). Indeed, drug molecules can either be encapsulated 

in the aqueous space (hydrophilic compounds) or intercalated into the lipid bilayer 

(lipophilic compounds) depending on their physicochemical properties. Liposomes can be 

classified according to the preparation method (thin film hydration, extrusion techniques 

or reverse-phase evaporation) and lamellarity (multi-, oligo- and uni-lamellar vesicles). A 

single bilayer enclosing an aqueous compartment is referred to uni-lamellar lipid vesicle, 

which in turn can be divided into large uni-lamellar vesicles (LUV) or small uni-lamellar 

vesicles (SUV) depending on their size. Multilamellar vesicles (MLV) are instead composed 

of numerous bilayers. Properties of liposomes are significantly affected by the preparation 

method chosen, by the types and amounts of phospholipid used, by the charge properties 
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of the components, and by the time of hydration. There are multiple techniques for 

preparing liposomes, from which several types of vesicles can be formed (Powers and 

Nosoudi 2019).    

 

                                      

        Figure 6. Liposomes: preparation methods. Modified from (Gharib et al. 2015) 

One of the most widely used techniques for the preparation of liposome is the thin-film 

hydration method, which involves the dissolution of the phospholipids and all the other 

lipophilic components in an organic solvent, the solvent is then evaporated to allow the 

formation of a thin lipid film that is finally hydrated by using aqueous media. This method 

generally produce multilamellar vesicles, so other methods like extrusion or sonication are 

required to obtain smaller and uni-lamellar vesicles (H. Zhang 2017). 

The solvent-injection and reverse-phase evaporation methods afford lipids hydration by 

means of organic solvent. These methods ensure high encapsulation efficiency but are 

conditionate by the lipid solubility in organic solvent and the removal of the solvent (Shi 

and Xianrong 2018). 

The detergent-depletion methods imply the lipid film hydration with a detergent solution 

producing liposomes large MLV. The dehydration-rehydration method allows the 
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formation of vesicles by means of controlled cycles of dehydration and rehydration 

process. 

To reach the desired liposomes properties (lamellarity, size and homogeneity properties) 

different additional methods can be chosen to ameliorate these parameters post-

formation. Among all, extrusion and sonication are the most common and efficient 

methods. Extrusion consists in forcing the passage of liposomes through a membrane filter 

with a defined pore size, while by sonication high energy is given to liposomal suspension. 

Both methods reduce the vesicles size and produce more homogeneous systems (Nkanga 

et al. 2019). 

Over the past three decades, lipid-based nanocarriers as transdermal delivery systems have 

been successfully developed by using the preparation methods described above.  

North American guidelines, the International European guidelines, and the German S3 

guidelines confirm that the treatment of skin diseases with innovative topical therapies 

plays a crucial role to reach the desired therapeutic effect. Nevertheless, not all lipid-based 

nanocarriers are equally capable of modifying the permeability of the skin barrier.  It has 

been suggested that the hydrating properties of the lipid bilayer promote the intercellular 

perturbation of the stratum corneum, forming lipid domains channels, which reduce the 

diffusional resistance through the skin layers and consequently increase agent active 

penetration (Hua 2015). In this sense, the components of the nanocarriers may change the 

water gradient in the skin layers, avoiding transepidermal water loss, exhibiting an 

occlusive effect and modifying their viscoelasticity, which could affect the skin permeation. 

Thus, vesicles and nanoemulsions composition play a significant role in promoting the 

performances of skin delivery systems, confirming the theory of many authors according 

which specifically designed vesicular and nanoemulsions carriers can be obtained by using 

specific additives, capable of promoting penetration and permeation of different drugs into 

and through the stratum corneum. 

The selection of a suitable oil considering the psychochemical properties of bioactives and 

a good combination with surfactant and/or co-surfactant should improve the topical 

performances of nanoemulsions (Shaker et al. 2019). Oil phase like almond oil, olive oil, 

isopropyl myristate among others have an intrinsic penetration enhancing ability, as they 
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affect the stratum corneum moisturize and improve penetration through this limiting and 

protective barrier. Musa et al. (2017) reported that a higher oil content may promote the 

hydration and perturbation of the ordered structure of the skin thus improving 

cyclosporine loading in the stratum corneum. 

The incorporation of surfactants enhances stability and improves skin permeation and drug 

release. Non-ionic surfactants as Tween 80 are able to fluidify the lipid components of 

stratum corneum at the intercellular level and then interact with filaments of keratin due 

to the diffusion of surfactant in the intercellular matrix. Su et al. (2017) confirmed that the 

effect of Tween 80 is temperature dependent as its solubility increase as the temperature 

also increases. Therefore, the surfactant ability to reduce interfacial tension is determine 

by their dehydrated head groups, promoting o/w nanoemulsions formation. Sometimes 

co-surfactants are also needed with a potential dermal enhancer property as Transcutol-P. 

Hussain et al. (2016) suggested that the combination of Tween 80 as surfactant and 

Transcutol-P as co-surfactant in nanoemulsions improved amphotericin B penetration and 

permeation. 

Conventional liposomes applied in the skin are generally accumulated in the stratum 

corneum or in the upper layers of epidermis. To overcome these limitations transfersomes, 

ethosomes and glycerosomes, among others have been formulated and tested. 

Transfersomes consist of phospholipids and a biocompatible surfactant as Span or Tween, 

that acts as edge activators to improve vesicle deformability. Transfersomes have the 

ability to retain water and penetrate intact in the skin, thanks to their property to reversibly 

deform the lipid bilayer without compromise vesicle integrity. Several studies with elastic 

liposomes were carried out (Rai, Pandey, and Rai 2017; Hasanpouri et al. 2018). Amnuaikit 

et al. (2018) compared liposomes with invasomes and transfersomes as topical delivery 

systems for phenylethyl resorcinol. Results showed that this type of vesicles presented 

higher elasticity and improved the retention of phenylethyl resorcinol in the skin compared 

to liposomes and invasomes.  

In addition, the use of small-chain biocompatible alcohols such as glycerol or ethanol in 

vesicles formulation as a tool to improve drug penetration has been investigated by 
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different authors. Among others, glycerosomes and ethosomes seem to be the most 

promising carriers for the delivery of different drugs to the skin.   

Glycerosomes are mainly composed of phospholipids, glycerol and water. It has been 

shown that glycerol have important properties as it retains water in the skin; plasticizes 

and hydrates the skin to avoid dehydration and the consequential physical hurt; is highly 

biocompatible; stabilizes the formulation; promote the performance of the topical delivery 

systems (Suzuki et al. 2018). Manca et al. (2016) confirmed that the addition of glycerol to 

liposomal formulations in high amount (20-30%) favoured diclofenac accumulation and 

permeation into the skin, due to its moisturizing properties and to the improved flexibility 

of the liposomal bilayer, thus increasing the ability to target drug over the skin. A similar 

phenomenon was observed by Zhang et al. (2017) that underlined the effectiveness of 

glycerosomes as topical carriers for paeoniflorin. The in vitro skin permeation studies 

shown that glycerol increase the paeoniflorin affinity with the water dermis layers, thus 

enhancing the nanocarrier ability to cross the stratum corneum. 

Ethosomes contain high amount of ethanol (20-45%), they can interact with amphipatic 

intercellular polar head of the lipids reducing lipids melting point and modifying stratum 

corneum permeability. Various reports underlined the ability of ethosomes in enhancing 

skin permeability and facilitating the drug diffusion into deeper skin layers (Natsheh, 

Vettorato, and Touitou 2019; Nauman Rahim Khan and Wong 2018; Marto et al. 2016). 

Zhang et al. (2014) demonstrated that psoralen loaded ethosomes was able to penetrate 

deeply into the skin.These liposomal formulations exhibit superior skin penetration ability 

and are able to transport the active substances more effectively through stratum corneum 

and the deeper layers of the skin.  Besides, some authors use a combination of different 

cosolvents to improve the properties of nanocarriers (Manconi et al. 2019).  

Moreover, the efficacy of the formulations could be improved by using polymers 

biodegradables and biocompatibles as alginate or pullulan. Alginate, an anionic 

polysaccharide is able to form hydrogel networks with divalent cations or cross-linking 

agents. This has been widely used in the field of controlled release, ion exchange, and in 

the vapor-permeation membrane-separation technique (Llorens-Gámez and Serrano-

Aroca 2018). 
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Pullulan, a highly water-soluble biodegradable homopolysaccharide consisting of 

maltotriose units has been widely used as coating agent and as an additive in drug delivery 

systems (Y. Wang et al. 2019). 

Among the biopolymer for biomedical applications chitosan, gelatin and hyaluronic acid 

are the most widely used in the last years as key components in liposomal and 

nanoemulsion formulations.   

Chitosan, poly β (1, 4) 2-amino-2-deoxy-D-glucose is a hydrophilic polymer obtained 

industrially by hydrolysis of the aminoacetyl groups of chitins by alkaline treatment. His 

mucoadhesive and biocompatible properties have been used in biomedical fields for tissue 

engineering, drug delivery and wound therapy (Mengoni et al. 2017). In addition, chitosan 

is able to open the tight junctions modifying keratin structure, fluidifying the lipid bilayer 

and enhancing the permeation of the drug through the skin. Thomas L. et al. (2017) 

investigated the influence of chitosan in wound healing in combination with curcumin 

loaded in nanoemulsions. Results showed that chitosan accelerate polymononuclear cells 

infiltration, improve collagen production and fibroblast proliferation.  

Recently, Lee et al. (2019) demonstrated the potential effect of chitosan coated liposomes 

in enhancing the permeation of indocyanine green through the skin for photodynamic 

therapy of melanoma, besides the polymer on liposome surface conferred a great stability 

to the system. 

Gelatin, biodegradable and thermally denatured protein derived from collagen, has been 

widely used for the formulation of controlled release systems. Modifying its isoelectric 

point at physiological pH, gelatin positively charged ( gelatin A) can be obtained by acidic 

treatment, while gelatin negatively charged (gelatin B) is obtained by alkaline treatment (X. 

Wang et al. 2017). Hathout el al. (2017) confirms that vesicles with gelatin are efficient 

systems to control the release of hydrophilic molecules such as sodium salicylate. 

Hyaluronic acid (HA) is widely use for the treatment of skin diseases and seems to be an 

attractive candidate for the delivery of natural compounds into and through the skin 

(Fallacara et al. 2018a). It is a linear polysaccharide composed of D-glucuronic acid units 

linked by β (1—> 4) bonds and by 2-acetamido-2-deoxy-β-residues D glucose bound 

according to a β (1—> 3) pattern. Hyaluronic acid exhibits biomedical implications in tissue 
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regeneration (Bukhari et al. 2018), specific tumor-targeting affinity for CD44 cancer cells (J. 

H. Kim et al. 2018) and anti-inflammatory diseases (Chen et al. 2018). In aqueous solutions 

HA forms viscoelastic gels that in the skin provide beneficial effects such as skin hydration 

and regeneration. However, the mechanisms of HA mediated skin penetration are still 

poorly understood. There are differents hypothesis: some authors suggest that the general 

effect of skin hydration may facilitate the absorption and retention of natural compounds 

within the more hydrated epidermal layers involving an active transport via HA receptors. 

Others propose that the HA skin penetration can facilitate flavonoid delivery via a 

cotransport (Witting et al. 2015).  

Advances in nanotechnology have underlined the beneficial effect connected with the use 

of HA and its derivates as biomaterial for the formulation of drug delivery systems able to 

promote the healing of dermal and subcutaneous wound of various etiologies. 

Most studies have reported that hyaluronic acid and its salt are able to improve 

transdermal drug delivery and stabilize the formulations (M. L. Manca et al. 2015; Castangia 

et al. 2016; Son et al. 2017). 

Berlitz et al. (2019) developed azelaic acid loaded nanoemulsion with hyaluronic acid. The 

use of hyaluronic acid in combination with nanocarriers provided a controlled delivery of 

the drug and increase its retention in the deeper layers of the skin. Besides, it states that 

hyaluronic acid has receptors in dermal fibroblasts and epidermal keratinocytes, which 

increases affinity for these cells, maintaining the drug at the site of action for a longer time. 

Kawar et al. (2019) prepared and tested hyaluronic acid gel-core liposomes containing 

ketoprofen. The presence of hyaluronic acid in liposomal formulations increase by 3-fold 

the transdermal permeation in comparison with ethosomes, liposomes and propylene 

glycol (PG)-liposomes. In this work the authors hypothesize that long chains of hyaluronic 

acid can jut out of vesicles and producing system steric stabilization. 

Considering all these aspects, the aim of this research was the incorporation of mangiferin 

and naringin into innovative nanocarriers and the evaluation of their therapeutic potential 

for the treatment of inflammatory skin diseases such as psoriasis and atopic dermatitis. 

Mangiferin was formulated into nanoemulsions stabilized with hyaluronate gels and into 

new phospholipid vesicles called glycethosomes. Naringin was incorporated into 
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transfersomes aiming at improving its stability and delivery into and through the skin. In 

addition, to evaluate the possible synergistic effect connected with the combination of 

mangiferin and naringin, innovative vesicles were formulated as well by using different 

hydrating medium to obtain transfersomes, glycethosomes, glycerosomes, 

glycethohyalurosomes and glycerohyalurosomes.  

In view of the importance of using biocompatible materials for a better stabilization of the 

formulation and aiming at promoting the performance of the delivery systems, a natural 

biopolymer as hyaluronic acid and specific penetration enhancers such as glycerol, ethanol, 

tween 80 and Transcutol-P were selected and included in the vesicular and nanoemulsion 

formulations. 

It is well known that interactions between the skin and these nanocarriers mainly depend 

on the physicochemical properties of the different components. For these reasons, the 

most important physico-chemical properties of liposomes and nanoemulsions (particle size 

and their distribution, zeta potential, visual outward, encapsulation efficiency) are 

evaluated by using different techniques. 

The size and size distribution of particles, has been evaluated by size-exclusion 

chromatography, dynamic light scattering (DLS) and field-flow fractionation. DLS is based 

on the Brownian motion of the dispersed particles. The particles movement occurs thanks 

to the energy transferred when the particles collide with the molecules of the solvent. The 

light scattered by the particle is detected at a certain angle over time and the resulting 

signal determine the particle size by means of the Stokes-Einstein equation. The 

distribution of size populations within a sample is determined by the PDI (polydispersity 

index). The numerical PDI value represents the homogeneity (PDI < 0.3) or heterogeneity 

(PDI ~0.8 - 1) of particles sizes (Malm and Corbett 2019). Microscopic techniques are also 

been used to study the particle size and the morphology of the nanocarriers. Among others, 

transmission electron microscope (TEM) is the most commonly used. However, this 

method can cause structural change of the samples. To avoid this problem and to achieve 

a better differentiation, cryo-transmission electron microscopy (cryo-TEM) and freeze-

fracture TEM (FF-TEM) techniques have been commonly used for liposome and 

nanoemulsions analysis (Franken, Boekema, and Stuart 2017). Zeta potential 
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determination provides important information about the surface charge of nanocarriers. 

The electrophoretic light scattering has been used to determine particle velocity under an 

electric field which allows zeta potential calculation. Zeta potential is altered by pH, ionic 

strength and ions present in the dispersant liquid (Jain and Thareja 2019).  

The amount of natural compound loaded into nanocarriers represents a critical parameter 

of the formulations, especially when the delivery of the active agent to a specific target 

tissue is requested. The encapsulation efficiency can be measured by using different 

procedures such as filtration, filtration–centrifugation, ultracentrifugation, or dialysis 

membrane (Sánchez-López et al. 2019).  

The characterizations of these nanocarriers represent a critical step which enable the 

researchers to predict their behavior both in vitro and in vivo. To evaluate the potential of 

these systems as future commercial products for the treatment of skin disease, is important 

to determine their ability to penetrate and permeate the skin by using Franz diffusion cells 

and by choosing the appropriate skin model. There are clear variations in dermal 

absorption between different animals and human skin due to physiological differences. 

However, anatomical investigations show comparable characteristics between porcine ear 

skin and human skin with respect to epidermal thickness and the stratum corneum (Todo 

2017). Excised human skin obtained from plastic surgery and reconstructed human 

epidermis has been also employed to investigate the mechanism of action of lipid-based 

nanocarriers for the delivery of flavonoid into and through the skin. The use of 

reconstructed human epidermis has been recently reviewed and it was concluded that 

some models (SkinEthic®, EpiSkin®, and EpiDerm®) are closed to human skin in some 

aspects as their structure, composition and biochemical features are similar. Unfortunately, 

their major limitation is their relatively weak barrier nature, which makes them more 

permeable (Pedrosa et al. 2017). Besides, the optimal receptor solutions that do not 

damage skin membranes and provide sink conditions need to be evaluated considering the 

properties of the natural products. 

Other important aspects are the control of the release of the payload and the rheological 

properties of the systems. The release kinetics of the natural compounds is described by 

using different kinetic models (Higuchi model, zero order and first order). The possible 
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supramolecular interactions between the different components of both vesicles and 

nanoemulsions can be evaluated by rheological assays by means of flow tests (to evaluate 

the flow properties of the different systems and determine the viscosity and values shear 

thinning behavior) and oscillatory test (to obtain information about the internal structure 

of the systems) (Walicka, Falicki, and Iwanowska-Chomiak 2019). FTIR spectroscopy is 

another important technique that can be used to provide information regarding the 

possible structural interactions and conformational rearrangements taking place between 

molecules. It is complementary to rheological measurements and it can provide the 

qualitative and quantitative chemical composition of the studied system (Mohamed et al. 

2017). 

Further in vitro experiments with cells are necessary to evaluate the biocompatibility and 

antioxidant activity of nanocarriers especially when an inflammatory disorder should be 

treated. Indeed, reactive oxygen species as hydrogen peroxide, are important factor 

relationed with the wound healing process since mediate angiogenesis, fibroblast 

proliferation and enhance re-epithelialization. Some authors confirmed that higher cellular 

uptake of lipid-based nanocarriers containing antioxidant substances led to a faster wound 

healing (Hajialyani et al. 2018).  

To analyze the complex biochemical processes of wound repair and to evaluate the 

effective role of different polyphenols containig nanocarriers on reducing/counteracting 

the inflammatory response associated with psoriasis and atopic dermatitis pathogenesis, 

animals’ models have been studied. Animal models of cutaneous inflammation as 

carrageenan-Induced Paw Edema (widely used to assess the anti-inflammatory activity, is 

associated with cyclooxygenase pathway), TPA-Induced skin edema (12-O-

tetradecanoylphorbol-13-acetate is used in mouse skin to induce oxidative stress, oedema 

and infiltration of inflammatory cells), Oxazolone-Induced Ear Edema (increases CD8+ T-

lymphocytes and produces skin sensitization, repeated application of oxazolone induces 

chronic contact dermatitis) and Arachidonic Acid-Induced Ear Edema ( ear edema is due to 

produce leukotrienes and  prostaglandins), among others, are employed to identify the 

effectiveness of the selected compounds on the treatment of inflammatory skin  diseases 

(Patil et al. 2019). 
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The new mangiferin and naringin nanocarriers formulated during this research, were 

deeply characterized by using most of the above-mentioned techniques (Cryo-TEM, TEM, 

Photon Correlation Spectroscopy, Rheological studies, FTIR). In vitro permeation studies 

were performed to evaluate the accumulation and distribution of mangiferin and naringin 

into and through the skin. Moreover, an extensive in vitro study was carried out to assess 

the biocompatibility and the protective effect of the formulations against oxidative stress 

damages in mouse fibroblast cells, along with an in vivo study to evaluate the wound 

healing effectiveness in a mouse model (TPA murine model).  
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1. Design of innovative formulations based on nanosystems for the topical administration 

of natural anti-inflammatory and antioxidant products such as naringin and mangiferin, for 

the treatment of chronic inflammatory skin diseases; 

2. Evaluation of the physico-chemical properties of the developed formulations by using 

different techniques (TEM, Cryo-TEM, Photon Correlation Spectroscopy, Rheological 

studies, FTIR); 

3. In vitro evaluation of the permeation/retention capacity of the formulations tested, by 

using Franz diffusion cells; 

4. Evaluation of the biocompatibility and the protective effect of the formulations against 

oxidative stress damages by using fibroblast cells; 

5. Determination of the anti-inflammatory effectiveness of these formulations in CD-1 mice 

by using TPA model and evaluation of their possible therapeutic application as coadjuvant 

treatment; 

6. Comparison between the results obtained aiming at defining the most suitable 

nanovehicle composition for mangiferin and naringin. 
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1. Nanoformulations preparation  

Preformulation studies were carried out to evaluate the best composition able to 

incorporate naringin in transferosomes and mangiferin in both nanoemulsions and 

glycethosomes. The preparation of naringin ultradeformables liposomes and mangiferin 

glycethosomes was similar. The buffer phosphate solution (pH 7.4) and the glycerol: 

ethanol: water blend (50:25:25) were used to hydrate lipoid S75 and tween 80 in naringin 

and mangiferin vesicles, respectively. Different amounts of flavonoids were added in these 

systems: 3, 6 and 9 mg/mL for naringin ultradeformable vesicles and 2, 4, 6 and 8 mg/mL 

for mangiferin glycethosomes. The obtained dispersions were sonicated for 4 min with an 

ultrasonic disintegrator and then extruded through a 0.20 μm membrane to improve the 

homogeneity of the systems.  

Mangiferin nanoemulsions containing hyaluronate gels were formulated by using a two 

steps procedure: firstly the aqueous phase containing mangiferin, glycerin and hyaluronic 

acid at different molecular weight, and the oil phase containing lipoid S75, tween 80, 

tocopherol, almond oil and Transcutol-P (if present) were mixed together by homogenizing 

them with an Ultraturrax at 10.000 rpm. In the second step, an ultrasonic disintegrator 

equipped with a continuous Flow Vessel surrounded by a cooling jacket were used (3 cycles 

of 10 min).  

Mangiferin-naringin were co-loaded in different types of vesicles: transfersomes, 

glycerosomes, glycethosomes, glycethohyalurosomes and glycerohyalurosomes. Different 

dispersion medium have been used to hydrate the lipid phase: a) 33.33% ethanol, 33.33% 

glycerol, 33.33% water; b) 20% ethanol, 40% glycerol, 40% water; c) 33.33% ethanol, 

33.33% glycerol, 33.33% sodium hyaluronate solution d) 20% ethanol, 40% glycerol, 40% 

sodium hyaluronate solution, to obtain glycethosomes A, glycethosomes B, 

glycethohyalurosomes A and glycethohyalurosomes B, respectively. The dispersions were 

sonicated during 4 min with an ultrasonic disintegrator to reduce vesicle size and improve 

the homogeneity of the systems.  

All nanocarriers (1mL), irrespective of their composition, were purified from the non-

incorporated bioactives by dialysis by using Spectra/Por® membranes (12–14 kDa MW cut-
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off, 3 nm pore size; Spectrum Laboratories Inc., DG Breda, the Netherlands) at room 

temperature. Empty nanoformulations were prepared as well, and used as references. 

2. Nanoformulations characterization 

Morphology and formation of nanoformulations were confirmed by cryogenic 

Transmission Electron Microscopy (cryo-TEM) and Transmission electron microscopy 

(TEM). For cryo-TEM analyses, a thin aqueous film was formed by placing a sample drop on 

a glow-discharged holey carbon grid and then blotting the grid against filter paper. The film 

was vitrified by plunging the grid into ethane using a Vitrobot. The vitreous films were 

transferred to a Tecnai F20 TEM and the samples were observed in a low-dose mode at 200 

Kv and at a temperature ~173°C.  

TEM analyses were performed by using a JEM-1010 microscope, equipped with a digital 

camera MegaView III. Samples were spread on the coated copper grids and stained with 

phosphotungstic acid (2%, w/w) before observation. Images were acquired at an 

accelerating voltage of 80 KV.  

Mangiferin glycethosomes were examined by cryo-TEM, while mangiferin nanoemulsions 

and naringin ultradeformables liposomes by TEM. 

The average diameter, polydispersity index (PDI) and zeta potential of nanoformulations 

were measured by Dynamic and Electrophoretic Light Scattering using a Zetasizer nano-ZS 

(Malvern Instruments, Worcestershire, UK). 

The entrapment efficiency (EE) of transferosomes and glycethosomes was measured as the 

percentage of the amount of flavonoid recovered after dialysis versus the amount initially 

used. The flavonoids content was measured by HPLC after disruption of non-dialysed and 

dialysed vesicles with Triton X-100 (10%) or methanol (1:100), by using a Perkin Elmer® 

Series 200 equipped with a photodiode array UV detector. The detection of naringin was 

performed at 280 nm by using a mixture of methanol and ultrapure water adjusted at pH 4 

(50:50, v/v) as mobile phase. Mangiferin was detected at 254 nm and an isocratic mobile 

phase composed of a mixture of hydrochloric acid (pH 4.0) and methanol (60:40, v/v) was 

used. For mangiferin-naringin vesicles the entrapment efficiency was expressed as the 

percentage of antioxidant activity of dialyzed samples versus non-dialyzed samples. The 

antioxidant activity of both flavonoids was assessed by means of the DPPH test, in other 
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words by measuring the ability of both drugs to scavenge the DPPH radical.  An extensive 

rheological analysis and Fourier transform infrared studies (FTIR) were carried out to 

investigate the possible supramolecular interactions between the different components of 

the nanoformulations. FTIR assays were performed at room temperature by using ATR 

Agilent Cary 630 in a spectral region between 500 and 4000 cm−1. Rheological 

measurements were carried out by using a rheometer equipped with a Haake K10 

thermostatic bath for temperature control. Before rheological analyses, samples were 

allowed to rest for at least 300s for stress relaxation and temperature equilibrium. Two 

types of rheological measurements were performed: flow curves and amplitude oscillation 

sweep tests.  Step flow curves were performed in controlled stress mode and the viscosities 

results were fitted to the simplified Carreau model. Oscillatory measurements were 

performed in the linear viscoelastic region (LVR) at a constant stress, only the frequency 

was modified from 0.01 to 10 Hz (9 points per decade).  

3. In vitro skin delivery  

Experiments were carried out by using Franz diffusion cells. The full-thickness epidermis 

obtained by heat separation (Chilcott et al. 2001), was placed between the donor and 

receptor compartments of Franz diffusion vertical cells. In the case of mangiferin-naringin 

vesicles full thickness skin was used.  The receptor compartment was filled with tween 80 

(1%) aqueous solution or buffer phosphate solution (pH 7.4), continuously stirred and 

thermostated at 37°C. Nanoformulations were applied onto the skin surface and  at regular 

intervals of time, the receiving solution was withdrawn and replaced with the same volume 

of pre-thermostated fresh aqueous solution up to 24 h. To verify the integrity of the 

epidermis, 1 mL of phenol red solution was applied on the skin surface. After 24 h the 

epidermis was removed and putted in glass vials with methanol and maintained under 

constant stirring to allow the complete extraction of flavonoids, then the extractive 

solution was analyzed by HPLC. In the case of mangiferin-naringin vesicles, at the end of 

the experiment (24 h), the skin was removed from the Franz diffusion cells, the stratum 

corneum was separated by stripping with adhesive tape, while epidermis and dermis were 

separated with a surgical scalpel. The tape strips and the skin strata were cut, placed each 

in in glass vials with methanol and sonicated for 2 min (Vitonyte et al. 2017) to ensure the 
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complete extraction of the bioactives from the skin. All the extractive dispersions were 

filtered and assayed for mangiferin and naringin content by HPLC (isocratic mobile phase 

was composed of a mixture of hydrochloric acid (pH 4.0) and methanol (50:50, v/v).  

4. In vitro biocompatibility and antioxidant activity of nanoformulations 

Cell viability was evaluated by means of MTT [3 (4,5-dimethylthiazolyl-2)-2,5-

diphenyltetrazolium bromide] colorimetric assay. Fibroblasts (3T3 cells) were seeded into 

96-well plates, cultured for 24 h, and exposed to the samples properly diluted with medium 

to achieve the desired concentration of flavonoids. Afterwards, MTT was added to each 

well, and then, after 3 h the formazan crystals formed were dissolved in DMSO and the 

number of alive cells was determined by measuring the absorbance of the final solution at 

570 nm. The results are presented as a percentage of untreated cells (100% viability). 

To evaluate the protective effect of the nanoformulations against oxidative damages 

induced in fibroblast with hydrogen peroxide, cells were seeded into 96-well plates, 

incubated for 24 h, and exposed simultaneously to hydrogen peroxide (appropriately 

diluted) and nanoformulations. After 4 h, cells were washed with PBS, and the MTT assay 

was performed to evaluate the protective effect of the samples against death caused by 

oxidative stress. Untreated cells (100% viability) were used as a negative control, and cells 

exposed to hydrogen peroxide only were used as a positive control. 

5. Evaluation of the effectiveness of nanoformulations: TPA model of mice  

Inflammation and ulceration were induced by topically applying TPA dissolved in acetone 

(3 μg/20 μL) to the shaved dorsal area of female CD-1 mice. All nanoformulations were 

applied as well, in the same site 3 h after TPA application. The protocol was repeated for 3 

days. Mice were sacrificed on day fourth by cervical dislocation and the treated dorsal skin 

was excised and weighed to evaluate oedema and MPO inhibition. For histological assays, 

skin samples were fixed in 0.4% formaldehyde and analyzed using a light microscope, after 

having stained the skin with hematoxylin and eosin.  

Myeloperoxidase activity was evaluated by homogenizing skin biopsies in 750 μL of 

phosphate buffer (pH 5.4) with an Ultra-Turrax T25, the dispersion was then centrifuged at 

10.000 g for 15 min at 4 °C and the obtained supernatant was incubated with a mixture of 
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sodium phosphate buffer (pH 5.4), phosphate buffer (pH 7.4), hydrogen peroxide and 

3,30,5,50-tetramethylbenzidine dihydrochloride. The reaction was stopped by using H2SO4 

2 N and the absorbance of the final solution was measured at 450 nm.  
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Abstract 

Ultradeformable liposomes were formulated using naringin (NA), a flavanone glycoside, at 

different concentrations (3, 6 and 9 mg/mL). Nanovesicles were small size (~100 nm), 

regardless of the NA concentration used, and monodisperse (PI < 0.30). All formulations 

showed a high entrapment efficiency (~88%) and a highly negative zeta potential (around -

30 mV). The selected formulations were highly biocompatible as confirmed by in vitro 

studies using 3T3 fibroblasts. In vitro assay showed that the amounts (%) of NA 

accumulated in the epidermis (~ 10%) could explain the anti-inflammatory properties of 

ultradeformable liposomes. In vivo studies confirmed the higher effectiveness of 

ultradeformable liposomes respect to betamethasone cream and NA dispersion in reducing 

skin inflammation in mice. Overall, it can conclude that NA ultradeformable liposomes can 

be considered as a promising formulation for the treatment of skin inflammatory diseases. 

 

Keywords: naringin, ultradeformable liposomes, anti-inflammatory, transdermal 

penetration, fibroblasts, in vivo studies 
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1. Introduction 

The incidence of skin inflammatory diseases (dermatitis, psoriasis, rash) has increased 

significantly in the last decades and bioflavonoids such as quercetin, curcumin and baicalin 

have been widely used for treatment of this injures [1-4]. Citrus fruits peels represent an 

important source of phenolic acids and flavonoids, mainly polymethoxyflavones (PMFs), 

flavanones and glycosylated flavanones [5,6]. Naringin (NA), a bioactive component of 

citrus species, is a glycosylated flavanone formed by naringenin (flavanone) and the 

disaccharide neohesperidose (Fig.1).  

 

Fig 1. Chemical structure of Naringin (NA). 

This compound shows a wide variety of pharmacological effects such as antioxidant, blood 

lipid–lowering and anticarcinogenic activity. Moreover, several studies have highlighted its 

potential to suppress the production of proinflammatory cytokines and attenuate the 

inflammatory response [7-12] and it has been proposed in combination with corticoids to 

treat skin diseases such as dermatitis [13]. 

On the other hand, most of conventional therapies failed because of their low capacity to 

deliver therapeutic drug concentrations to the target tissue. Different approaches have 

been attempted to overcome this problem by providing “selective” delivery of drugs to the 

affected area, using various pharmaceutical carriers. In the last years, among the different 

types of particulate carriers, liposomes have received a great attention [14] and have been 

used as delivery systems of different bioactive agents. The list of actives incorporated in 

nanoliposomes is huge, ranging from pharmaceutical to cosmetics and nutraceuticals 

substances (opiods, curcumin, resveratrol, quercetin, silibinin, glycyrrhizic acid, vitamin C, 

and others) [15-21]. In general, these systems are able to enhance the performance of the 

incorporated bioactive agents by improving their solubility and bioavailability, their in vitro 
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and in vivo stability, as well as preventing their unwanted interactions with other molecules 

[22, 23]. Another advantage of nanoliposomes is cell-specific targeting, which is a 

prerequisite to ensure the adequate drug concentrations required for optimum therapeutic 

effects in the target site while minimizing adverse effects on healthy cells and tissues. 

Among them, ultradeformable liposomes have been found to be promising for herbal 

extracts delivery [6,24]. Since, this type of phospholipid vehicles increases the 

accumulation on the skin as well as reduces adverse effects. Recent reports showed that 

ultradeformable nanosized liposomes may be postulated as a novel dermal delivery carrier 

due to their biocompatibility and high elasticity [25, 26], which is attributed to of the 

combination of phospholipids and surfactant (such as sodium cholate, deoxycholate, Span, 

Tween and dipotasium glycyrrhizinate). The surfactant acts as an ´edge activator´ that 

modify the organization of the lipid bilayers increasing its deformability [27]. 

The purpose of this study is to develop ultradeformable liposomes. To do this, the vesicles 

were formulated using different concentrations of naringin (NA) and characterized in terms 

of zeta potential, mean size, size distribution and vesicles encapsulation efficiency. In vitro 

transdermal penetration was also quantified. Cytotoxicity test was carried out as well to 

evaluate the biocompatibility of the formulations on 3T3 mouse dermal fibroblast cells. In 

addition, NA ultradeformable liposomes ability to attenuate skin inflammation induced by 

phorbol 1, 2-myristate 1, 3-acetate (TPA) in mice was studied.  

2. Materials and methods  

2.1. Materials 

Monosodium phosphate was purchased from Panreac quimica S.A. (Barcelona, Spain). 

Lipoid® S75, a mixture of soybean lecithin containing lysophosphatidylcholine (3% 

maximum), phosphatidylcholine (70%), phosphatidylethanolamine (10%), fatty acids (0.5% 

maximum), triglycerides (3% maximum), and tocopherol (0.1–0.2%) were a gift from Lipoid 

GmbH (Ludwigshafen, Germany). Polysorbate 80 was purchased from Scharlab S.L. 

(Barcelona, Spain). Glycerin and ethanol were purchased from Guinama S.L.U. (Valencia, 

Spain), N-octanol (special grade for measurement of partition coefficients) was purchased 

from VWR chemicals S.A. S (France), Disodium phosphate were purchased from Scharlab 
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S.L. (Barcelona, Spain). Betamethasone was from IFC Acofarma S.A. (Santander, Spain). 

Phorbol 1,2-myristate 1,3-acetate and naringin with a molecular formula (C27H32O14) and 

weight (580.54 g/mol) were purchased from Sigma-Aldrich. 

2.2. Analytical method 

A high-performance liquid chromatograph (HPLC) PerkinElmer® Series 200 equipped with 

an auto-injector and a photodiode array UV detector was used for NA quantification in 

experimental samples [28]. The column used was a Teknokroma® Brisa “LC2” C18, 5.0 μm 

(150 cm x 4.6 mm). The mobile phase consisted of a mixture 50:50 (V/V) of methanol and 

ultrapure water adjusted at pH 4. The detection wavelength was 280 nm, the injection 

volume was 20 μL and the flow rate was 1.0 mL/min. Linearity, limit of quantification (LOQ), 

detection (LOD), precision and accuracy of the analytic method were carried out. 

2.3. Physicochemical properties  

2.3.1. Crystalline structure 

NA structure was analyzed with the X-ray diffractometer KAPPA CCD. The system has a 

goniometer of four circles and a two-dimensional KAPPA CCD detector with beryllium 

window of 90 mm diameter maintained at - 60°C.   

2.3.2. Solubility  

The solubility of the flavonoid at 25°C was determined in different vehicles: water, pH 7.4 

buffered solution and polysorbate 80 (1%, w/w) in aqueous medium. Flavonoid was added 

to saturation in each system during 24 hours under constant agitation (500 rpm). Finally, 

an aliquot of each sample was filtered (0.22 µm) and quantified. 

2.3.3. Partition coefficient determination 

Octanol-water partition coefficient (Poct) value was obtained by equilibrating the NA 

aqueous solution with 1-octanol in a shaker bath at 25ºC overnight [29]. Distribution of NA 

between the aqueous and the organic phase was estimated by the differences between the 

NA concentration at the beginning and at the equilibrium step, according to the following 

equation (Eq. (1)): 
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                                        𝑃𝑜𝑐𝑡=  
(𝐶𝑜−𝐶𝑒)/𝑉𝑜

𝐶𝑜/𝑉𝑎

     (1) 

where Co, is the initial NA aqueous solution concentration, Ce, the solution concentration 

at equilibrium, Vo, volume of the organic phase (50 mL) and Va, the volume of aqueous 

solution (50 mL). 

2.4. Ultradeformable liposomes  

A preformulation studies was carried out in order to select the best formulations able to 

load increasing amount of NA (from 1 to 24 mg/mL). According to stability data (average 

particle size <150 nm, polydispersity values < 0.5 and zeta potential value < -25 mV), one 

formulation was selected with different amount of NA: liposomes I (3 mg/mL), liposomes II 

(6 mg/mL) and liposomes III (9 mg/mL). NA (3 or 6 or 9 mg/mL), polysorbate 80 (2.5 mg/mL) 

and Lipoid® S75 (120 mg/mL) were added in a glass vial. These mixtures were hydrated 

overnight at room temperature (25°C) with a buffer phosphate solution (pH 7.4). The 

obtained dispersions were sonicated for 4 min using an ultrasonic disintegrator (CY-500, 

Optic Ivymen system, Barcelona, Spain). Then liposome suspensions were extruded 

through a 0.20 µm membrane with an Avanti® Mini-Extruder (Avanti Polar Lipids, Alabaster, 

Alabama) to obtain homogeneous dispersions. NA dispersion (9 mg/mL) in phosphate 

buffer solution containing polysorbate 80 (1%, w/w) and empty liposomes (without NA) 

were prepared as control.  

2.5. Characterization of liposomes 

2.5.1. Transmission electron microscopy 

Ultradeformable liposomes morphology was examined through a negative staining 

technique using a JEM-1010 microscope (Jeol Europe, Croissy-sur-Seine, France), equipped 

with a digital camera MegaView III at an accelerating voltage of 80 Kv.  
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2.5.2. Determination of entrapment efficiency (EE %) 

1 mL of each sample and dialyzed against buffer (100 mL) for 24 hours, at room 

temperature using a membrane Spectra/Por, (12–14 kDa MW cut-off; Spectrum 

Laboratories Inc., DG Breda, The Netherlands). Dialyzed and non-dialyzed ultradeformable 

liposomes were disrupted with methanol (1:100). The samples were assayed by HPLC as 

described in Section 2.2. 

EE (%) of liposomes I, II and III was calculated as follows (Eq. (2)): 

EE % = (
actual NA

initial NA
) X 100           (2) 

where actual NA is the amount of the active in ultradeformable liposomes after dialysis, 

and initial NA is the amount before dialysis. 

2.5.3. Determination of vesicle size, zeta potential and polydispersity index 

Average diameter and polydispersity index (PI) of the samples were performed in triplicate 

by means of Photon Correlation Spectroscopy using a Zetasizer Nano-S® (Malvern 

Instruments, Worcester-shire, United Kingdom) at 25ºC. Moreover, zeta potential was 

estimated by electrophoretic light scattering in a thermostated cell in a Zetasizer Nano-S®. 

The ultradeformable liposomes stability was evaluated over 30 days at ~ 4°C.  

2.6. Cell viability studies 

3T3 mouse fibroblasts (ATCC, Manassas, VA, USA) were cultured in Dulbecco’s modified 

Eagle’s medium (DMEM, Sigma Aldrich, Spain), supplemented with penicillin (100 U/mL), 

10% (V/V) fetal bovine serum, and streptomycin (100 mg/mL) (Sigma Aldrich, Spain) in 5% 

CO2 incubator at 37 °C to maintain cell growth. 

3T3 cells (2x105 cells/well) were seeded in 96-well plates at passage 14-15. After one day 

of incubation, 3T3 cells were treated with NA dispersion (9 mg/mL) or empty or NA loaded 

liposomes I, II and III for 24 hours. In each well 25 µL of formulation were added and filled 

with 225 µL of cultured medium. 

Cell viability was evaluated by MTT [3 (4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium 

bromide] colorimetric assay [30]. After 24 h experiment, 100 µL of MTT was added to each 

well, and then, after 3 h the formazan crystals formed were dissolved in DMSO (50 µL). The 
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reaction was measured at 570 nm with a spectrophotometer. All experiments were 

repeated three-fold (n=3).  

2.7. In vitro diffusion  

A diffusion study was performed using Franz diffusion cells (with an effective diffusion area 

of 0.784 cm2) and new born pig skin from a local slaughterhouse. The receptor 

compartment (CR) was filled with buffer phosphate solution (pH 7.4), continuously stirred 

and thermostated at 32ºC. Epidermal membranes were obtained from heat separation 

through immersing in water (at 60ºC) for 75 s [31]. On the epidermis surface 800 µL of 

different formulations assayed were applied. At different time intervals up to 24 hours, 

receptor solutions were withdrawn and assayed for drug content by HPLC, (Section 2.2). At 

the end of the experiment, 1 mL of phenol red solution (0.05%, w/w) was applied in the 

donor compartment for checking the integrity of the epidermis [32]. 

2.8. In vivo assay  

Female CD-1 mice (5–6 weeks old, 25–35 g) were obtained from Harlan laboratories 

(Barcelona, Spain) and acclimatized for one week before use. All studies were performed 

in accordance with European Union regulations for the handling and use of laboratory 

animals and the protocols were approved by the Institutional Animal Care and Use 

Committee of the University of Valencia (code 2016/VSC/PEA/00112 type 2).  

One day before the experiment the back skin of mice (n=4 per group) was shaved. The first 

day, TPA dissolved in acetone (3 µg/20 µL) was applied to the shaved dorsal area to induce 

cutaneous inflammation and ulceration. Negative control mice only received acetone (20 

µL). After 3 h, 200 µL of empty or NA loaded ultradeformable liposomes (I, II and III), NA 

dispersion or betamethasone cream (20 mg) were topically applied in the dorsal area. The 

procedure was repeated on the second and third day. The fourth day, mice were sacrificed 

by cervical dislocation.  

Two biomarkers: oedema formation and myeloperoxidase (MPO) activity were used to 

evaluate the effect of the formulations [33]. First, dorsal skin area was excised, weighed to 

assess oedema formation and stored at -80°C. Second, biopsies were dispersed in 750 µL 

of phosphate buffer (pH 5.4) and, with an Ultra-Turrax T25 homogenizer (IKA1 Werke 
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GmbH & Co. KG, Staufen, Germany), were homogenized in a ice bath. The supernatant 

obtained after centrifugation was diluted with PBS 5.4 (1:10) in order to assay MPO activity. 

Briefly, in a 96-well plate, 10 µL of diluted sample, 20 µL of sodium phosphate buffer (pH 

5.4), 200 µL of phosphate buffer (pH 7.4), 40 µL of 0.052% hydrogen peroxide and 20 µL of 

18 mM 3,30,5,50-tetramethylbenzidine dihydrochloride were added to each well. At the 

end of experiment, 50 µL of SO4H2 2N was added to stop the reaction. The absorbance was 

measured at 450 nm. The MPO activity was calculated from the linear portion of a standard 

curve. 

2.9. Histological examination  

Mice skin was excised, fixed and stored in formaldehyde (0.4%, V/V). Longitudinal sections 

(5 mm) were marked with hematoxylin and eosin and observed using a light microscope 

(DMD 108 Digital Micro-Imaging Device, Leica, Wetzlar, Germany).  

2.10. Statistical analysis of data  

Statistical differences were determined by one-way ANOVA test and Tukey’s test for 

multiple comparisons with a significance level of p < 0.05. All statistical analyses were 

performed using IBM SPSS statistics 22 for Windows (Valencia, Spain). Data are shown as 

mean ± standard deviation. 

3. Results and discussions 

3.1. Analytical method 

The analytical method (HPLC) for NA quantification was firstly validated. Calibration curves 

covering the whole range of NA concentrations were prepared. Excellent plots correlating the 

peak areas and NA concentrations were obtained (r > 0.999), demonstrating good linearity. 

Precision was evaluated by calculating the relative error (RE, %) and accuracy by coefficient of 

variation (CV, %); both values were less than 9 %. The limits of detection (LOD) and 

quantification (LOQ) were 0.11 µg/mL and 0.34 µg/mL, respectively. These data satisfy the 

standard validation.  
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3.2. Physicochemical properties 

The flavanone glycoside (NA) was characterized with the RX technique. The spectrum 

shows that it is a flavonoid with crystalline structure. Molecules are spatially distributed in 

a regular and symmetrical form, so they require more energy for their separation. All this 

property may be responsible of their low solubility and bioavailability. Indeed, the solubility 

of NA in water and phosphate buffer at pH 7.4 is 2.69±0.01 mg/mL and 1.94 ± 0.01 mg/mL, 

respectively. As it was expected, NA is more soluble (14.4±0.4 mg/mL) in presence of 

polysorbate 80 (1%, w/w), probably because of the formation of micelles, which allows the 

solubilization of a greater amount of flavonoid. In addition, NA is a hydrophilic compound 

(log Poct= – 0.66 ± 0.03) with a molecular weight superior to 580 g/mol, which could lead to 

a low percutaneous absorption. 

3.3. Characterization of ultradeformable liposomes  

In Fig.2 the formation of spherical nanometric vesicles can be observed.  

 

Fig 2. TEM (Transmission electron microscopy) images of ultradeformable liposomes. The 

arrows indicate the lamellae of vesicles. 

 

All ultradeformable liposomes (I, II and III) showed a monodisperse distribution (PI < 0.30) 

(Table 1).  
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Table 1 

Average size, polydispersity index (PI), zeta potential and NA (naringin) entrapment 

efficiency of liposome I (3 mg/mL), liposome II (6 mg/mL) and liposome III (9 mg/mL). All 

values are mean ± standard deviations (n=3). 

 

In all cases, the mean size was very similar (approximately 100 nm), and no statistical 

differences were observed from batch to batch. The zeta potential was highly negative (-

30 mV), for the different NA concentrations. Liposomes were able to incorporate NA in high 

amount (entrapment efficiency approximately 90%), no significant differences were 

detected among the groups (p > 0.05), confirming that the flavonoid was 

effectively/efficiently incorporated into vesicle. Ultradeformable liposomes were stable 

during 30 days of storage, according to zeta potential and mean size values (Table 1). Such 

data ensure good stability of ultradeformable liposomes, due to the great electrostatic 

repulsion between the vesicles.  

 3.4. Cell viability studies 

The biocompatibility of each formulation was evaluated in vitro on cells, which represents 

a good and reliable method to select formulations that will be used for further in vivo 

studies. 3T3 mouse dermal fibroblasts were incubated with different formulations: empty 

or NA ultradeformable liposomes (I, II and III). Cells viability after 24 hours of incubation 

with the formulation is approximately 100% and similar to that of the control group (p > 

0.05). These results are in accordance with Cao et al [34], confirming the low toxicity of 

flavonoid and liposomes. 

 

Formulations Size (nm)  PI  Potential Z (mV)    EE (%) 

 0 days                  30 days  0 days           30 days  0 days                     30 days  

Empty liposome 88.3 ± 1.7            100.1 ± 0.8  0.25                 0.16    -32.5 ± 0.4             -31.9 ± 1.7        --- 

Liposome I 90.2 ± 1.6             90.9 ± 2.3  0.23                 0.22  -33.9 ± 1.4             -30.1 ± 1.1 91.03 ± 0.04 

Liposome II 86 ± 1.0                 84.1 ± 2.5  0.25                 0.20  -32.6 ± 1.1             -26.9 ± 0.8 88.70 ± 0.25 

Liposome III 86.3 ± 1.1             84.6 ±0.9  0.22                 0.22  -27.7 ± 1.1             -28.0 ± 1.5 92.72 ± 0.10 
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3.5. In vitro diffusion   

Permeation study was performed for 24 h using ultradeformable liposomes (I, II and III). 

Fig.3 shows the cumulative amounts (Q, %) of NA in the donor compartment (CD), 

epidermis (EP) and receptor compartment (CR) for all formulations tested at 24 hours.  

 

Fig 3. Transdermal permeation of NA (naringin) dispersion and loading liposomes I (3 

mg/mL), II (6 mg/mL), III (9 mg/mL). Amount accumulated in CR (receptor compartment), 

CD (donor compartment) and EP (epidermis) after 24 h at 32°C. The results were expressed 

as the mean and standard deviation (error bars). No significate differences have been found 

among the groups (p > 0.05). 

The cumulative amount of NA (%) in the CR was negligible (less than 0.5 %) regardless the 

formulation tested. The amounts (%) of NA accumulated in the EP (~ 10%) could explain 

the anti-inflammatory properties of ultradeformable liposomes detected during the in vivo 

assay. Finally, the amount of NA present in the CD (> 90 %), confirmed the low flavonoid 

bioavailability. The NA low permeability could be mainly attributed to its difficulty to 

permeate through the stratum corneum, which serves as a lipophilic barrier against the 

penetration of hydrophilic molecules (NA has log P oct = - 0.66). In addition, the high 

molecular weight (~580 g/mol) of NA could have limited its transdermal delivery by the 

high resistance of skin towards diffusion [35, 36]. 

3.6. In vivo assay 

TPA application in mice has been used for the evaluation of anti-inflammatory activity of 

drugs. This compound induces a variety of histological and biochemical changes in the skin 
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[37]. In this work, TPA was daily applied on mice dorsal skin for 3 days, inducing skin 

ulceration, loss of epidermis integrity with scale and crust formation. Besides, it stimulates 

the oedema formation, due to an increase in vascular permeability. Table 2 summarizes the 

results obtained. The phorbol ester (TPA) caused a 3-fold increase in skin weight, compared 

to healthy mice. The administration of liposomes I, II and III was more active than NA 

dispersion and betamethasone cream in reducing skin oedema (~20%). Statistical 

differences were observed between samples (p < 0.01), probably because the 

ultradeformable liposomes promoted the internalization of NA in epithelial cells, avoiding 

vascular congestion and oedema formation. The MPO activity was quantified as a marker 

of the inflammatory process, since it is proportional to the neutrophil concentration in the 

inflamed tissue. The efficacy of NA loaded ultradeformable liposomes was assayed and 

compared with betamethasone cream, as commercial reference, and NA dispersion. The 

ultradeformable liposomes displayed a superior ability to reduce MPO activity in the 

injured tissue respect to the betamethasone cream (Table 2).  

Table 2 

Oedema inhibition and MPO (myeloperoxidase test) activity in skin mice inflamed with TPA 

(control +). Skin mice inflamed were treated to 200 µL of NA dispersion, empty liposomes 

or loading liposomes I (3 mg/mL), II (6 mg/mL), III (9 mg/mL) and betamethasone cream (20 

mg). The results were expressed as the mean and standard deviation (error bars). * p < 0.01 

liposomes (I, II and III) vs betamethasone cream and NA dispersion. ANOVA-Tukey.    p < 

0.01 liposome III vs NA dispersion. ANOVA-Tukey.         

 

               

 

 

 

 

 

Formulations   % Oedema inhibition  % MPO inhibition 

Control + 0.5 ± 1.15  0.5 ±1.01 

Cream 13.06 ± 2.81  12.70 ± 1.81 

NA dispersion                          27.48 ± 3.37  65.82 ± 2.94 

Empty liposome 23.67 ± 2.29   60.25 ± 3.05 

Liposome I      36.01* ± 3.03   74.61 ± 4.03 

Liposome II      37.29*± 3.19   78.72 ± 4.59 

Liposome III                                 43.18*± 3.36                                              86.75# ± 4.93 
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No significant differences were observed (p > 0.05) between the three vesicular 

formulations containing different amounts of NA, which indicates that, in our experimental 

conditions, ultradeformable liposomes can promote the NA beneficial activity independent 

of the concentration used. Liposomes (III) have a greater activity respect to NA dispersion 

(p < 0.01), despite having the same concentration of flavonoid, as shown in Table 2. Thus, 

this phospholipidic system could be considered as promising tools for treatment of skin 

inflammation. The macroscopic observations are in agreement with the MPO and oedema 

values. The macroscopic images of mice clearly showed the positive effect of NA 

ultradeformable liposomes on injured skin (Fig. 4). 

 

Fig 4. Macroscopic appearance of mice skin lesions inducted with TPA (A) and treated with 

liposome III: 9 mg/mL (B). 

With regard to the histological study, morphological alterations of mice skin exposed to 

TPA were evaluated by hematoxylin and eosin staining, and compared with untreated skin 

(Fig. 5).  

 

Fig 5. Representative histological sections of mouse skin: treated with TPA-inflamed skin 

(A) and treated with liposome III: 9 mg/mL (B).  

The skin treated with acetone only (control-) showed a regular structure and normal 

appearance of both epidermis and dermis, as well as the tissues directly underneath (i.e., 
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subcutaneous cellular tissue, skeletal muscle and adipose tissue), with only some 

mononuclear and polymorphonuclear cells in the muscular region. Otherwise, mice skin 

treated with TPA displayed severe dermal and subcutaneous alteration, with a large 

number of leukocytes infiltrating, and showing pathological features of inflammatory 

damage, such as vascular congestion (control +). Similar results of injured skin were 

obtained using betamethasone cream, but the application of the NA ultradeformable 

liposomes reduced TPA-induced lesions, along with mild to moderate inflammatory 

infiltrates of mononuclear cells, eosinophils and neutrophils. Therefore, the results 

obtained in vivo seem to indicate a remarkable therapeutic potential of NA ultradeformable 

liposomes. 

4. Conclusions  

The loading of NA into ultradeformable liposomes represents an innovative approach to 

prevent and treat skin lesion and restore skin integrity. Results demonstrated that NA 

liposomes were highly biocompatible and more effective than betamethasone cream and 

NA dispersion as demonstrate in vivo model (TPA test). In conclusion NA ultradeformable 

liposomes can be considered as a promising formulation for the treatment of inflammatory 

diseases.  
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Abstract 

In this paper mangiferin nanoemulsions were developed using hyaluronic acid of different 

molecular weight, in absence or presence of Transcutol-P. An extensive study was carried 

out on the physico-chemical properties of nanoemulsions. Nanosizer and transmission 

electron microscopy showed oil droplets average size 296 nm with monodisperses 

distribution (PI ≤ 0.30). The zeta potential was highly negative (-30 mV). FTIR analysis 

confirms the existence of physical interactions among compounds. Rheological 

measurements allowed to conclude that all formulations present a pseudoplastic 

behavior (s~0.4) in presence of the biopolymer. Moreover, mangiferin release depends 

on the molecular weight of the polymer. Permeability assays on pig epidermis showed 

that nanoemulsions with low molecular weight hyaluronic acid improve the permeation, 

being this effect more pronounced in nanoemulsions with Transcutol-P. Administration 

of mangiferin nanoemulsions on TPA-inflamed skin mice model provided an attenuation 

of oedema and leucocyte infiltration. Macroscopic appearance of mice skin lesions has a 

good correlation with the histological study. The topical application of these formulations 

shows an appropriate anti-inflammatory effect.  

 

Keywords: Nanoemulsions, mangiferin, Transcutol-P, hyaluronic acid, skin regeneration 
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1. Introduction 

The interest in natural pharmacologically active compounds has widely increased in the 

recent years (Riccardo et al. 2017; Agrawal et al. 2017; Shal et al. 2018). Experimental 

studies reported that herbs and/or their constituents have anti-inflammatory, anti-

proliferative, anti-angiogenic, anti-cancerous properties, among others, together with 

anti-oxidative stress role and tissue repair action (Rady et al. 2018; Fujii et al. 2017; 

Khazdair et al. 2018). These activities may explain the apparent benefits of the topical 

multi-herbal formulations on skin disease treatments. Moreover, no serious adverse 

events have been associated with their use (Deng et al. 2017, Deng et al. 2014; Liu et al. 

2016; Sheng et al. 2018; Zhao et al. 2017). Natural products as baicalin or naringin could 

represent a potential adjuvant treatment (Mir-Palomo et al. 2016; Pleguezuelos-Villa et 

al. 2018) as conventional therapies in topical disorders. 

In this sense, other natural products as mangiferin (Imran et al. 2017; Y. Zhao et al. 2017; 

Ochocka et al. 2017) used in several autoimmune inflammatory diseases, such as 

rheumatoid arthritis, dermatitis and psoriasis have been analyzed (Jeong et al. 2014; 

Garrido-Suárez et al. 2014). Mangiferin is a natural xanthone glycoside, isolated from 

various plants such as Gentianaceae, Zingiberaceae and Mangiferaceae (Morais et al. 

2012). Due to its low hydrosolubility (0.111 mg/mL) (Acosta et al. 2016; Van der Merwe 

et al. 2012), the mangiferin has a poor bioavailability, which restricts its clinical 

application. Therefore, new formulation strategies should be developed to improve this 

topical efficacy. 

Special attention has lately been focused on different nanosystems, such as 

nanoemulsions, solid lipid nanoparticles and nanovesicles, as potential vehicles for active 

agent delivery. These nanosystems enhance skin permeation, pharmacological activity 

and stability of different active substances (Roberts et al. 2017; Dong et al. 2017).  

Nanoemulsions are metastable colloidal systems consisting on droplets of one liquid 

dispersed within another immiscible liquid (Rosen and Kunjappu 2012). They represent 

versatile carriers for local delivery of hydrophilic, liphophilic and amphiphilic molecules. 

In fact, these systems have arisen as a novel carrier system for improving the 

bioavailability of poorly absorbed herbs actives/extracts (Yoo et al. 2010; Wais et al. 

2017). 



 

73 
 

Several studies have concluded that incorporation of surfactants, as phospholipids or 

polysorbate, enhances nanoemulsions stability, and improves drug release and skin 

permeation (El-Leithy et al., 2018; Sedaghat Doost et al., 2018; Zhang et al., 2014). These 

surfactants are biocompatible with the skin and have non-toxic properties (Manconi et 

al., 2011). In addition, the incorporation of cosurfactants, such as Transcutol-P, which may 

improve the retention/permeation of compounds into and through the skin has been also 

investigated. 

Hyaluronic acid (HA) is a biopolymer that promotes the stabilization of the formulation 

and plays a role for the controlled release drug delivery (Gao et al., 2014; Rodríguez‐

Belenguer et al., 2015). It exhibits biomedical implications in tissue regeneration (Badawi 

et al. 2013), specific tumor-targeting affinity for CD 44 cancer cells (Kim and Park 2017) 

and anti-inflammatory diseases (Chen et al. 2018; Xiao et al. 2017). To extend the 

residence time of a topical formulation and improve mangiferin bioavailability, 

hyaluronate muco-adhesive nanoemulsions could be formulated. 

The aim of this paper was to develop mangiferin nanoemulsion hyaluronate gels for 

inflammatory disorders in absence or presence of transcutol-P. Nanoemulsions were 

elaborated and characterized by analyzing their droplet size, polydispersity index (PDI), 

zeta potential and performing electronic microscopy, FTIR and rheological 

measurements. Ex vivo permeation assays and release studies were also carried out. The 

efficacy of the formulations was evaluated by means of an in vivo mice model of acute 

inflammation.  

2. Material and methods 

2.1. Materials  

Lipoid® S75 a mixture of soybean lecithin containing lysophosphatidylcholine (3% 

maximum), phosphatidylcholine (70%), phosphatidylethanolamine (10%), fatty acids 

(0.5% maximum), triglycerides (3% maximum), and tocopherol (0.1–0.2%) were a gift 

from Lipoid GmbH (Ludwigshafen, Germany). Polysorbate 80 and tocopherol were 

purchased from Scharlab S.L. (Barcelona, Spain). HA of different molecular weights: low 

(40.000-50.000 Da), high (1.000.000-1.200.000 Da) were purchased from Carbosynth 

Limited (UK) and biophil Iberia S.L. (Barcelona, Spain), respectively. Mangiferin was 

purchased to Carbosynth Limited (UK). Glycerin were purchased from Guinama S.L.U. 
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(Valencia, Spain), N-octanol (special grade for measurement of partition coefficients) was 

purchased from VWR chemicals S.A. (France). Diethylene glycol monoethyl ether 

(Transcutol-P) was obtained from Alfa Aesar (Kandel, Germany). Almond oil and 

dexamethasone (DXM) were from Acofarma S.A. (Barcelona, Spain). Phorbol 1, 2-

myristate 1, 3-acetate was purchased from Sigma-Aldrich. 

2.2. Content and physico- chemical mangiferin properties 

Mangiferin content was analyzed by a high-performance liquid chromatography (HPLC) 

Perkin Elmer® Series 200 equipped with a photodiode array UV detector. Samples were 

injected in a C18 reverse-phase column (Teknokroma®Brisa “LC2” 5.0 µm, 150 mm × 4.6 

mm). The isocratic mobile phase was a mixture of hydrochloric acid (pH 4.0) and methanol 

(60:40, v/v) and the flow rate 1.2 mL/min (Bartoszewski et al. 2014). The detection 

wavelength was set at 254 nm. Standard calibration curves covering the whole mangiferin 

range concentrations in experimental samples were obtained. The limit of detection 

(LOD) and quantification (LOQ) were estimated using the calibration curve procedure. 

Three calibration curves were prepared (0.7 mg/mL-0.005 mg/mL) to determine the 

sensitivity of the method.  

The limit of quantification may be expressed as follows:   

𝐿𝑂𝐷 =
3.3 ∗ 𝑆𝐷

𝑆
      (1) 

The detection limit may be expressed as follows:   

𝐿𝑂𝑄 =
10 ∗ 𝑆𝐷

𝑆
      (2) 

The LOD and LOQ were determined based on the standard deviation (SD) of the y-

intercept and the slope of the linear calibration curve (S). 

Solubility determinations of mangiferin, mangiferin-phospholipid (1:10) and mangiferin-

phospholipids-polysorbate 80 (1:10:5) were carried out by adding an excess of the 

different mixtures in water (2 mL). Samples were maintained under constant stirring for 

24 hours at 25°C, then an aliquot of each dispersion was filtered through 0.22 µm 

membranes and injected into HPLC system to measure the mangiferin content.  
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In addition, an octanol-water partition coefficient values were obtained by equilibrating 

mangiferin, mangiferin-phospholipid or mangiferin-phospholipid-polysorbate 80 in 

aqueous solution with 1-octanol for 24 h at 25 °C in a shaker bath (Morikawa et al. 2016). 

Distribution of mangiferin between the aqueous and the organic phase was determined 

by HPLC method. Each sample was carried out in triplicate (n=3). 

2.3. Mangiferin nanoemulsion gel formulation 

A preformulation design was carried out in order to select the final nanoemulsion gel 

composition. Different amounts of HA (between 0.25% and 1%), polysorbate 80 (1 and 

5%), almond oil (5 and 10%) and phospholipid (5 and 10 %) were formulated. According 

to the stability data (average particle size <500 nm, polydispersity index < 0.5 and zeta 

potential value < -30 mV), the best nanoemulsion gel composition was selected. 

Moreover, HA of different molecular weight (low and high) in presence or absence of 

Transcutol-P were also evaluated. 

In this study, mangiferin (1%) and glycerin (3%) were added to distilled water in a glass 

tube in absence or presence of HA (1%) to obtain aqueous phases. Lipoid ® S75 (5%), 

polysorbate 80 (1%), tocopherol (0.1%) and almond oil (10%) were also mixed inside a 

glass tube with or without Transcutol-P (4%) to obtain the oil phases. Both receptacles 

were placed in a thermostat bath at 55 ± 0.5 °C.  Then, aqueous phase was poured over 

to oil phase and subsequently homogenized with an Ultraturrax (DI25-basic, IKA-

Germany) at 10.000 rpm for 5 min. After this, nanoemulsions were sonicated (3 cycles of 

10 min) with an ultrasonic disintegrator (CY-500, Optic Ivymen system, Barcelona, Spain) 

equipped with a continuous Flow Vessel. This vessel was surrounded by a cooling jacket 

with a suitable cooling liquid. This method allows the preparation of a stable 

nanoemulsion O/W with variable consistence according to HA the molecular weight of 

used. 

 Several formulations to evaluate the in vivo efficacy of mangiferin in a mice model were 

tested: NE 0 (control without HA), NE I (HA, high molecular weight), NE II (HA, high 

molecular weight with Transcutol-P), NE III (HA, low molecular weight) and NE IV (HA, low 

molecular weight with Transcutol-P). In order to know the vehicle influence, empty 
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nanoemulsions (empty NE I, empty NE II, empty NE III and empty NE IV) were also 

prepared. 

2.4. Characterization of formulations 

Shape and surface morphology of nanoemulsions were examined using a JEM-1010 

microscope (Jeol Europe, Croissy-sur-Seine, France) equipped with a digital camera 

MegaView III. A drop of the samples was spread on the coated copper grids and stained 

with phosphotungstic acid (2%, w/w) before observation. The TEM graphs were taken at 

an accelerating voltage of 80 KV. 

Measurement of average diameter and polydispersity index (PI) of nanoemulsions were 

carried out by Photon Correlation Spectroscopy at 25 °C. The zeta potential was estimated 

by electrophoretic light scattering in a thermostatic cell. All determinations were 

performed using a Zetasizer Nano-S ® (Malvern Instruments, Worcester-shire, United 

Kingdom).  Nanoemulsions stabilities were assessed by monitoring the droplets average 

size of the internal phase and zeta potential over 30 days at 4°C. In order to evaluate 

nanoemulsion-flavonoid interactions Fourier transform infrared studies (FTIR) were taken 

using ATR Agilent Cary 630 (Germany) at room temperature in a spectral region between 

500 and 4000 cm-1. 

2.5. Rheological measurements  

A controlled stress rheometer (RheoStress 1, Thermo Haake, Germany) equipped with 

control and data logging software (RheoWin 4.0.1) and a Haake K10 thermostatic bath for 

temperature control was used. After loading, samples were allowed to rest for at least 

300 s for stress relaxation and temperature equilibrium. Cone-plate sensor (2°, 35 mm 

and 60 mm diameters) were used. Two types of rheological measurements were 

performed: flow curves and small amplitude oscillation sweeps tests. All measurements 

were performed in triplicate, at 25°C.  

Step flow curves were performed in controlled stress mode (30 s each step-in logarithmic 

distribution), so shear stress range was chosen in order to obtain viscosities 

corresponding to very low shear rates until approx. 100 s-1. The viscosities results can be 

fitted to the simplified Carreau model.    
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where η0 is the zero-shear viscosity,  c is critical shear rate, and s the shear thinning 

index. Oscillatory measurements at a constant stress in the linear viscoelastic region (LVR) 

were performed, varying the frequency from 0.01 to 10Hz (9 points per decade). In order 

to establish LVR, stress sweeps at a frequency of 1 Hz were performed for all systems. 

2.6. Flavonoid release studies 

The release of mangiferin from nanoemulsions was determined with Franz diffusion cells. 

An artificial membrane (0.45 μm cellulose acetate membrane, Teknocroma, Barcelona, 

Spain) was placed between the donor and receptor compartments of the Franz cells 

(effective diffusion area of 0.784 cm2). The Franz cells were immersed in a bath system at 

37.0 ± 0.5°C and kept under agitation. The receptor compartment (6 mL) was filled with 

an aqueous solution of polysorbate 80 (1%) to maintain sink conditions. A weighted 

amount of each nanoemulsion (500 mg) was loaded onto the surface of the membrane. 

At regular intervals, up to 24 h, the receptor solution was removed (200 μL), replaced with 

the same volume of a fresh aqueous solution and analysed by HPLC to determine the 

content of mangiferin. 

In order to describe the flavonoid release mechanism, the mean percentages of 

cumulative amounts of mangiferin were fitted according to Power law model (Table 2).                                                        

2.7. In vitro permeation assays 

The experiments were performed using Franz diffusion cells according to the procedure 

described previously in epigraph 2.6. In this case, cellulose-acetate membrane was 

replaced by new born pig epidermal skin from a local slaughterhouse. The epidermis was 

mounted between the donor and receptor compartments of the Franz cells with the 

stratum corneum side facing upward the donor compartment. Epidermal membranes 

were obtained from heat separation through immersing in water (at 60°C) for 75 s 

(Chilcott et al. 2001).  



 

78 
 

The cumulative amounts of mangiferin (Q) permeated through the epidermis were fitted 

to the equation derived of the Fick's Second Law to the diffusion process (Eq. (4)): 

 

Q(t)=A∙P∙L∙C [D∙
t

L2 ‐
1

6
‐

2

x2
∙ ∑ ∙Exp (

‐D∙n2∙x2∙t

L2 )∞
n=1 ]   (4) 

 

 where Q (t) is the amount of mangiferin through the skin and reaches the receptor 

solution at a given time t; A is the diffusion surface area (0.784 cm2); P is the partition 

coefficient of mangiferin between the skin and the donor solution; L is the diffusion 

pathway; D is the diffusion coefficient of mangiferin in the skin; and C is the concentration 

of mangiferin in the donor vehicle. By fitting the equation 4, lag time (tL=1/6D, h), 

permeability coefficient (Kp = P·D, cm/h) and flux (J=kp·C, µg/cm2/h) were calculated.  

At the end of the permeation experiments, the epidermis integrity was verified. Briefly, 1 

mL of phenol red solution (0.5 mg/mL) was applied onto the skin surface in the donor 

compartment. When the phenol red amount in receptor compartment was <1%, the 

epidermis was considered intact. The concentration of mangiferin retained in the 

epidermis (R24) was also quantified. The epidermis sheet was removed from the Franz 

diffusion cell and extracted with 10 mL of methanol. Subsequently, it was maintained for 

24 hours at 2-8 °C. The suspension was homogenized with an Ultratturrax and sonicated 

for 30 min. Finally, the supernatant was filtered through a 0.45 μm filter and analysed by 

HPLC. To evaluate the affinity of mangiferin for the epidermal layers and the influence of 

the formulation R24 / Q24 ratios were calculated. 

2.8. Acute inflammation assays 

For the inflammation study, female CD-1 mice (5–6 weeks old, 25–35 g) were supplied by 

Harlan laboratories (Barcelona, Spain). Mice were acclimated for one week before use. 

All studies were performed in accordance with European Union regulations for the 

handling and use of laboratory animals. The protocols were approved by the Institutional 

Animal Care and Use Committee of the University of Valencia (code 2016/VSC/PEA/00112 

type 2). Briefly, dorsal skin of mice (n=4 per group) was shaved and 24 h later the topical 

formulations were applied. The first day, TPA dissolved in acetone (3 µg/20 µL) was 

topically administered to the shaved dorsal area (1 cm2) to induce cutaneous 

inflammation and ulceration. After 3 h, 200 µL of five formulations selected were topically 
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applied in the same areas. This procedure was repeated for two consecutive days. Mice 

were sacrificed on day fourth by cervical dislocation and biopsies from the treated dorsal 

skin were excised and weighed to evaluated oedema and histological study, previously 

stored at -80°C. 

For histological assays, tissue samples were stored in formaldehyde (0.4%, V/V). 

Longitudinal sections (5mm) on a rotary microtome were mounted on slides and marked 

with hematoxylin and eosin according to standard protocols. The tissues were analyzed 

and observed using a light microscope (DMD 108 Digital Micro-Imaging Device, Leica, 

Wetzlar, Germany). 

Myeloperoxidase (MPO) activity was determined using a minor modification of the 

method of Grisham et al. (1990). The tissue was thawed and homogenized in 750 µL of 

phosphate buffer (pH 5.4) with an Ultra-Turrax T25 homogenizer (IKA1 Werke GmbH & 

Co. KG, Staufen, Germany). The homogenate was centrifuged at 10.000 g for 15 min at 

4°C.The supernatant obtained was diluted with PBS 5.4 (1:10). A sample of supernatant 

(10 µL) was added to a 96-well plate and incubated at 37 °C for 5 min with a mixture of 

20 µL of sodium phosphate buffer (pH 5.4), 200 µL of phosphate buffer (pH 7.4), 40 µL of 

0.052% hydrogen peroxide and 20 µL of 18 mM 3,30,5,50-tetramethylbenzidine 

dihydrochloride. The reaction is finalized by 50 µL of SO4H2 2N. The absorbance was 

determined at 450 nm. The MPO activity was calculated from the linear portion of a 

standard curve. The oedema was expressed as the percentage of inhibition versus the 

positive control (TPA) value and MPO was expressed as percentage of activity. 

 

2.9 Statistical analysis 

Statistical differences were determined by one-way ANOVA test and Tukey’s test for 

multiple comparisons with a significance level of p < 0.05. All statistical analyses were 

performed using IBM SPSS statistics 22 for Windows (Valencia, Spain). Data are shown as 

mean ± standard deviation. 

 

3. Results and discussion 

In the present study, the effect of biopolymer (HA) on the properties of nanoemulsions 

was evaluated, in order to optimize the formulation for the transdermal mangiferin 

administration. 
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3.1 Content and physico-chemical mangiferin properties  

Excellent plots correlating the peak areas and mangiferin concentrations were obtained. 

Calibration graphs presented a correlation coefficient value r >0.999, demonstrating good 

linearity. The limits of detection and quantification were 0.21 µg/mL and 0.54 µg/mL, 

respectively. 

Mangiferin solubility values from different mixtures were determined. The mangiferin-

phospholipid-polysorbate 80 solubility (0.71 ± 0.03 mg/mL) was higher than mangiferin 

and mangiferin-phospholipid solubilities: 0.10 ± 0.01 mg/mL and 0.25 ± 0.02 mg/mL, 

respectively.  

Octanol-water partition coefficient value was obtained in different mixtures. Mangiferin-

phospholipid-polysorbate 80 partition coefficient (5.23 ± 0.17) was also higher than 

mangiferin and mangiferin-phospholipid partition coefficients: 0.12 ± 0.01 and 2.10 ± 

0.12, respectively. 

3.2 Characterization of formulations 

Nanoemulsions present oil droplets size range from 194.5 to 397.9 nm (Table 1). These 

results are in accordance with Callender Shannon et al. (2017). All nanoemulsions showed 

monodisperses distribution (PI ≤ 0.30) and spherical shape (Fig. 1).  

 

Fig. 1. TEM graphs of nanoemulsions 
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The zeta potential was always highly negative (<30 mV). The physical stability of 

nanoemulsions (NE 0 to NE IV) was monitored over 30 days of storage at 4 °C. As can be 

seen in Table 1 nanoemulsions were stable. The average size and zeta potential of the oil 

core depend on HA molecular weight. Short-chain HA nanoemulsions have smaller 

particle sizes and zeta potentials more negative, being similar to the nanoemulsion 

without polymer.  

Table 1 

Average size, polydispersity index (PI) and zeta potential of nanoemulsions during 30 days 

of storage at 4 °C (Mean Value ± SD; n=4). 

 

FTIR analyses provided information about the interactions of the different components of 

nanoemulsions (Ferreira et al. 2013). Fourier transform infrared (FTIR) studies are 

indicated in Fig. 2.  

Sample               Size (nm)                   PI          Potential Z (mV) 

  0 days                  30 days        0 days             30 days     0 days                   30 days 

NE 0 without polymer    319.4 ± 5.7          289.4 ± 5.7    0.26                  0.24 -40.4 ± 1.3               -39.1 ± 1.3  

HA High molecular weight     

NE I                              393.0 ± 4.1           372.3 ± 6.3          0.30                  0.30  -37.2± 1.6                 -35.4 ± 1.3 

NE II  397.9 ± 6.1           320.5 ± 2.7          0.25                  0.25  -32.7± 0.4                 -33.5 ± 0.3 

HA Low molecula weight    

NE III  221.5 ± 7.0           194.5 ± 3.4             0.19                  0.21  -38.2 ± 0.1                -38.2 ± 0.2 

NE IV  323.2± 8.0            281.5 ± 7.2          0.23                  0.20  -40.2 ± 2.0                -38.3 ± 0.4 
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Fig.2. FT-IR spectra of A) Mangiferin B) Mangiferin and hyaluronic acid (HA) C) Mangiferin 

and lipoid® S 75 D) Mangiferin, lipoid S® 75 and polysorbate 80 E) Nanoemulsion loaded 

with Mangiferin. 

In these spectra, profiles the mangiferin (A), mangiferin and HA (B), mangiferin and lipoid 

®S 75 (C), mangiferin with lipoid S ®75 and polysorbate 80 (D) and nanoemulsion loaded 

with mangiferin (E) were shown. The FT-IR spectrum of mangiferin showed absorption 

bands at 3373 cm-1 (hydroxyl group) and 2933 cm-1 (C-H asymmetric stretching). Bands at 

1255cm -1(-C-O -) and 1093 cm-1(-C-O-C). An aromatic conjugated carbonyl group can be 

observed at 1651 cm-1 together with signals of aromatic nucleus. By comparison of the 

spectra, the major changes observed occurred in the region from 1800 to 500 cm-1. Some 

IR bands of mangiferin had disappeared completely or had their intensities altered. In 

nanoemulsion, bands at 1651, 1622 cm-1 were observed, confirming the presence of 

mangiferin. In addition, at 3373 cm-1 the band intensifies verifying the integration of the 

hydroxyl groups of mangiferin in the system. Mangiferin interactions with HA of different 

molecular weight showed satisfactory physico-chemical properties related with the 

formulation stability. 
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3.3 Rheological measurements 

The low viscosity of the NE 0 nanoemulsion (data not shown) is not the most suitable for 

topical administration. For this reason, new formulations were developed in presence of 

HA different molecular weight (high and low). A rheological test was performed in order 

to understand the nanoemulsions gel properties. The experimental data fits to the 

simplified Carreau model showed that nanoemulsions with HA high molecular weight had 

a higher viscosity (NE I, 863.5 ± 16.8 Pa s and NE II, 508.5 ± 11.2 Pa s) than the HA low 

molecular weight nanoemulsions (NE III, 68.8 ±2.9 Pa s and NE IV,64.8 ± 8.9 Pa s). Flow 

curves obtained for nanoemulsions NE I, NE II, NE III and NE IV are presented in Fig. 3A.  

 

Fig. 3. Rheological measurements. A) Flow curves fitted to Carreau model for 

nanoemulsions: NE I ( ), NE II (◊), NE III ( ) and NE IV (  ). B) Viscoelastic moduli as a 

function of oscillation frequency for nanoemulsions: NE I ( ), NE II (◊). Closed symbols: 

elastic modulus, G’; open symbols: viscous modulus, G”. 

Also, all nanoemulsions had a pseudoplastic behavior (s ~ 0.40). The presence of 

Transcutol-P did not modify the pseudoplastic behavior. To investigate the 

nanoemulsions gel structure, oscillatory measurements at a constant stress, in the linear 

viscoelastic region (LVR), were performed. Nanoemulsions with HA low molecular weight 
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(NE III and NE IV) were out of the LVR, for this reason it was not possible to measure 

dynamic curves. Fig. 3B shows results obtained on dynamic tests. As can be seen, NE I and 

NE II, in the presence and absence of Transcutol-P, exhibited an elastic behavior (G`> G``) 

and low frequency dependence, which promoted the formation of controlled release 

systems (Díez-Sales et al. 2005). This behavior was confirmed with loss tangent (tan δ, 1 

Hz) values, 0.59 and 0.49 for NE I and NE II, respectively.  

3.4 Flavonoid release studies 

The amount of mangiferin released at 24 h was greater than 20% in nanoemulsions 

without polymer (NE 0). The mangiferin release can be significantly modified depending 

on the molecular weight of the biopolymer (Agubata et al. 2014; Morsi et al. 2017). In 

fact, the presence of HA reduces the percentage released (Fig. 4A), being more evident in 

high molecular weight nanoemulsions (NE I, NE II). Nanoemulsions with Transcutol-P (NE 

II and NE IV) showed a slight ability to enhance mangiferin release in comparison with the 

other nanoemulsions. 

Mangiferin release data were analyzed according to power law equation (epigraphs 2.6). 

The fitting results are summarized in Table 2. In accordance with the power model, the 

release mechanism is zero order (n ~1) (Siepmann and Peppas 2001). These results could 

be attributed to polymer obstructive mechanism, which depends on the molecular weight 

of the polymer. 

In accordance with the following equation, ( Barry, 1983). 

 

𝐾𝑝 =
𝐾𝑜

1 + 2∅/3
       (5) 

where K0 and Kp are the diffusion constants of the mangiferin in water in absence and 

presence of polymer, respectively. ∅ is the proportion of water inmobilized by the 

polymer. 

The water retention values (∅) have been determined (Eq. (5)): ∅ NE I = 17.3 and ∅ NE III = 

2.5. In fact, the greater amount of water retained by the polymer, the less amount of 

mangiferin released. 
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Fig. 4. A) Graphical representation of percentage of mangiferin released in function of 

time for the differents nanoemulsions: NE 0 (    ) NE I ( ), NE II  (◊), NE III (  ) and NE IV ( 

). B) Profiles of cumulative amount of mangiferin accumulated in receptor 

compartment after 24 h treatment with nanoemulsions (NE I-NE IV). C) Cumulative 

amount of mangiferin accumulated in receptor compartment (CR), epidermis (EP) and 

donor compartment (CD) after 24 h of treatment with nanoemulsions (NE I-NE IV). Bars 

represent the mean ± standard deviation of at least four independent experimental 

determinations. * p< 0.05 values statistically different compared permeation of NE III vs 

NE I. # p< 0.05 values statistically different compared permeation of NE II vs NE IV. 
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Table 2 

Results of release mangiferin fitting different models at 24 hours (Mean Value ± SD; n=4).  

Mt is the fraction of flavonoid release at each time t; K is a constant reflecting structural 

and geometric characteristic of the devic; n is the release exponent characterizing the 

diffusion mechanism. 

 

3.5 In vitro permeation assays 

The results of in vitro permeation studies are showed in Table 3. As can be observed, the 

molecular weight of HA affects a percutaneous absorption. For the lag time, no significant 

differences were shown between formulations (p>0.05). Nanoemulsions with HA of high 

molecular weight presented a lower penetration at 24 hours (Q24). In the case NE I (1.81 

± 0.01µg/cm2) and NE II (1.93 ± 0.01µg/cm2) the presence of Transcutol-P does not 

significantly enhance (p>0.05) the skin permeation. The highest penetration occurs in low 

molecular weight HA nanoemulsions. NE III increase 2.5-fold the mangiferin amount in 

the receptor compartment (Q24=5.04 ± 0.01µg/cm2), and the incorporation of Transcutol-

P (NE IV) increase 5-fold the amount permeated (Q24=9.41 ± 0.01µg/cm2). As expected, 

the last nanoemulsion has the highest flux value (J=0.55 ± 0.09 µg/cm2/h). These results 

were confirmed by R24 / Q24 ratio. 

 

 

 

Nanoemulsions 

Models Without polymer           HA High molecular weight HA Low molecular weight  

 NE 0                NE I      NE II NE III 

 

      NE IV  

Power law      

Mt=K ·t         

K (h-1) 0.69 ± 0.12 0.010± 0.006 0.08 ± 0.04 0.36 ± 0.07 0.57 ± 0.16 

N 1.09 ± 0.05 1.58 ± 0.13 1.26 ± 0.18 0.99 ± 0.06 1.01± 0.07 

R> 0.997 0.998 0.992 0.997     0.990 
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Table 3 

Results of in vitro permeation studies on nanoemulsions (Mean Value ± SD; n=4). 

Q24 is the amount of mangiferin through the skin and reaches the receptor solution; P is 

the partition coefficient of mangiferin between the skin and the donor solution; D is the 

diffusion coefficient of mangiferin in the skin; R24 is the concentration of mangiferin 

retained in epidermis. 

 

Fig. 4B showed the profiles of cumulative amount of mangiferin and Fig. 4C the cumulative 

amount of mangiferin (%) in donor compartment (CD), epidermis (EP) and receptor 

compartment (CR). As can be seen in this figure, nanoemulsions with Transcutol-P showed 

the highest accumulation in the epidermis (NE II, 35 % and NE IV,45%). Probably, the oil 

core could penetrate into the epidermis, due to a synergistic mechanism between 

surfactants and the intercellular lipids of pig skin (Manconi et al. 2011; Blume et al. 1993). 

3.6 Acute inflammation assays 

Topical application of TPA was used in skin to induce oxidative stress, oedema and 

infiltration of inflammatory cells and inflammation. By repeating TPA application scaly, 

peeling and crusted mice skin with desquamation was observed (Fig. 5A). 

Nanoemulsions Q 24 (µg, cm2) P D*102(cm/h)  Lag time(h)      Flux (µg/cm2/h) R 24 (µg/cm2) R 24/Q 24 

HA High molecular weight        

 NE I 1.81 ± 0.01  4.79 ± 1.10 2.1±0.4 8 ± 1 0.10 ± 0.01 2.03 ± 0.08 1.12 

NE II 1.93 ± 0.01 7.33 ± 2.14 1.9±0.3 9 ± 2 0.13 ± 0.01 2.02 ± 0.04 1.04 

HA Low molecular weight        

 NE III 5.04 ± 0.01 9.09 ± 2.65 2.9±0.7 6 ± 1 0.26 ± 0.02 10.52 ± 0.02 2.08 

 NE IV 9.41 ± 0.01 23.19 ± 10.60 2.4±0.8 7± 2 0.55 ± 0.09 28.94 ± 0.07 3.07 
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Fig 5. A) Macroscopic appearance of skin lesions of mice treated with dexametasone 

(DXM), nanoemulsions (NE 0, NE I, NE II, NE III and NE IV) in comparison with untreated 

skin and empty nanoemulsions. B) Histological appearance of mice skin treated with 

dexametasone (DXM),nanoemulsions (NE 0, NE I, NE II, NE III and NE IV) in comparison 

with untreated skin and  empty nanoemulsions 

 

All animals treated with mangiferin formulations presented a significant amelioration of 

the skin. The ability of mangiferin nanoemulsion to wound healing in comparison with 

empty nanoemulsions was evidenced (Fig. 5A). Histological study showed that mice skin 

treated with TPA displayed severe dermal and subcutaneous alteration, with a large 

number of leukocytes infiltrating, and showing pathological features of inflammatory 

damage, such as vascular congestion. Untreated skin with TPA showed a regular structure 

and normal appearance of epidermis. As can be observed in Fig. 5B, nanoemulsions with 
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mangiferin reduced TPA-induced lesions. Nanoemulsions loaded with mangiferin (NE I, 

NE II, NE III, NE IV) induced both strong inhibition of oedema and reduction of MPO 

activity. Statistic differences (p<0.01) have been found with respect to empty 

nanoemulsions and TPA treatment results (Fig. 6A).  

 

Fig 6. A) Myeloperoxidase activity (%) (MPO) and B) oedema inhibition (%) values, 

obtained after TPA treatment and application of nanoemulsions ( NE 0 - NE IV), 

dexametasone (DXM) and empty nanoemulsions (n=4). Mean values ± standard deviation 

were reported. ** p< 0.01 values statistically different from those of skin treated with 

empty nanoemulsions.  # p< 0.05 values statistically different compared DXM with 

mangiferin nanoemulsions. 

Nanoemulsions with mangiferin showed a significant decrease in oedema inhibition: ∼20-

fold higher than empty nanoemulsions (Fig. 6B). MPO levels dramatically increased with 

repeated TPA and DXM exposure, it was ∼80-fold higher than those found in untreated 

skin. Therefore, the results obtained in vivo seem to indicate a remarkable therapeutic 

potential of mangiferin nanoemulsions. 
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4. Conclusion 

This investigation reveals that the design and development of nanoemulsions could be a 

promising device to restore inflammatory skin disorders. The topical application of these 

formulations shows an appropriate anti-inflammatory effect. 
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Abstract 

Mangiferin, a natural compound isolated from Mangifera indica L, was incorporated in 

glycerosomes, ethosomes and alternatively in glycerol-ethanol phospholipid vesicles 

(glycethosomes). Actually, only glycethosomes were able to stably incorporate the 

mangiferin that was loaded at increasing concentrations (2, 4, 6, 8 mg/mL). The 

morphology, size distribution, rheological properties, surface charge and entrapment 

efficiency of prepared vesicles were deeply measured. All vesicles were mainly spherical, 

oligolamellar, small in size (~145 nm) and negatively charged (~-40 mV), as confirmed by 

cryo-TEM observation and dynamic laser light scattering measurements. The higher 

concentration of mangiferin (8 mg/mL) allowed an increase of vesicle mean diameter up 

to ~288 nm. The entrapment efficiency was inversely proportional to the amount of 

loaded mangiferin. 

In vitro studies performed by using human abdominal skin, underlined that, the dose-

dependent ability of vesicles to promote mangiferin retention in epidermis. In addition, 

glycethosomes were highly biocompatible and showed a strong ability to protect in vitro 

the fibroblasts against damages induced by hydrogen peroxide. In vivo results underlined 

the superior ability of mangiferin loaded glycethosomes respect to the mangiferin 

dispersion to promote the heal of the wound induced by TPA, confirming their potential 

application for the treatment of psoriasis or other skin disorders.  

 

Keywords. Mangiferin, phospholipid vesicles, glycethosomes, antioxidant, skin 

permeation, psoriasis. 
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1.Introduction 

Inflammatory skin diseases are cause of important adverse events and disability for a 

large number of patients, thus negatively affecting their quality of life. The incidence of 

these skin diseases, which include atopic dermatitis and psoriasis acute, recurrent or 

chronic, is increasing in recent years, especially in developed countries (Owczarek and 

Jaworski 2016). 

Currently, the treatment of both atopic dermatitis and psoriasis includes the use of 

different drugs such as corticoids, calcineurin inhibitors, antihistamines, for topical 

application and immunosuppressants and biological drugs for systemic treatments 

(Rodríguez-Luna et al. 2017). However, many patients, especially those with generalized 

psoriasis, are not adequately treated and long-term therapies are often combined with 

various side effects of different degrees.  

The role of oxidative stress in these diseases has been previously demonstrated in 

preclinical and clinical studies (Body-Malapel et al. 2018; Tanaka et al. 2018) and the use 

of antioxidants may represent an ideal strategy to reduce and control the damages caused 

by psoriasis and atopic dermatitis.  

During the last decades, the use of phytodrugs for the treatment of different skin 

disorders has haroused a great scientific interest (Martinez et al. 2016; Furue et al. 2017; 

Janeczek et al. 2018). Among the different natural antioxidant molecules, curcumin and 

quercetin have generated great attention since their large number of important biological 

and beneficial activities (Abrahams et al. 2019; Rauf et al. 2018). 

Considering the promising properties of these, new alternative natural antioxidant 

molecules such as baicalin, berberin and mangiferin have been isolated and their 

beneficial properties evaluated (Mir-Palomo et al. 2019; Manca et al. 2019). Mangiferin 

or 1,3,6,7-tetrahydroxyxanthone-C2-β-D-glucoside (C-glucosyl xanthone) is an 

antioxidant molecule isolated from Mangifera indica L, a member of the anacardiaceae 

family. It possesses strong free radical-scavenging (Saha et al. 2016) and anti-

inflammatory activities (Szandruk et al. 2018) and it is effective in a variety of diseases, 

including tumorigenesis (Zou et al. 2017), hypersensitivity (Guo et al. 2014) and tissue 

repair (Imran et al. 2017). Like other natural antioxidants, it is in vivo biological 

effectiveness is limited by low bioavailability (1.71%) (Gu et al. 2018; Du et al. 2018) 

especially when applied on the skin. To overcome these limitations, the loading of natural 
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antioxidants into nanocarriers has been proposed aiming at increasing their bioavailability 

and reducing possible side effects (Pimentel-Moral et al. 2018). Many studies have 

demonstrated an improvement of the effectiveness of these molecules when topically 

applied. In particular, liposomes or modified phospholipid vesicles disclosed optimal 

performances in the skin delivery providing an accumulation up to the lower tissues 

(Manconi et al. 2018b; Fang et al. 2018; Doppalapudi et al. 2017). The analysis of research 

studies demonstrated that each molecule requires a specific ad hoc tailored phospholipid 

vesicle formulation to maximizes the efficacy. 

Taking into account these results, in this work, specific phospholipid vesicles were tailored 

to stably deliver mangiferin in the skin. After a pre-formulation study, a special kind of 

phospholipid vesicles loading mangiferin were prepared hydrating phospholipid with a 

mixture of water, glycerol and ethanol and so called glycethosomes. Mangiferin was 

loaded at increasing concentrations (2, 4, 6, 8 mg/mL). The choice of glycerol was mainly 

related to its moisturizing and cosolvent properties (Angelova-Fischer et al. 2018), which 

are requested for the treatment of atopic dermatitis, as reported by the therapeutic 

guidelines (Ring et al. 2012; Eichenfield et al. 2014). While the addition of ethanol was 

linked to their penetration ability.  

Glycethosomes loaded with mangiferin were fully characterized measuring size, size 

distribution, surface charge, stability on storage and rheological properties. Their ability 

to promote the accumulation and distribution of mangiferin into and through the skin 

was evaluated using human abdominal skin. In addition, their potential therapeutic 

application for the treatment of psoriasis was evaluated in vivo using a 12-O-

tetradecanoylphorbol-13-acetate (TPA)-treated mice model. 

2. Material and methods 

2.1 Materials 

Lipoid® S75 a mixture of soybean lecithin containing lysophosphatidylcholine (3% 

maximum), phosphatidylcholine (70%), phosphatidylethanolamine (10%), fatty acids 

(0.5% maximum), triglycerides (3% maximum) was purchased from Lipoid GmbH 

(Ludwigshafen, Germany). Tween 80 were purchased from Scharlab S.L. (Barcelona, 

Spain). Mangiferin was purchased to Carbosynth Limited (UK). Glycerol was purchased 

from Guinama S.L.U. (Valencia, Spain), Ethanol was purchased from VWR chemicals S.A. 
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(France). Phorbol 1, 2-myristate 1, 3-acetate was purchased from Sigma-Aldrich (Madrid, 

Spain). Cell medium, foetal bovine serum, penicillin and streptomycin and all the other 

reagents for cells studies, were purchased from Thermo Fisher Scientific Inc. (Waltham, 

MA, US). 

2.2 Analytical method 

Mangiferin content was determined by high-performance liquid chromatography (HPLC) 

using a Perkin Elmer® Series 200 equipped with a photodiode array UV detector and a C18 

reverse-phase column (Teknokroma®Brisa “LC2” 5.0 µm, 150 mm × 4.6 mm). The isocratic 

mobile phase consisted of a mixture of hydrochloric acid (pH 4.0) and methanol (60:40, 

v/v), the flow rate was 1.2 mL/min. The detection wavelength was set at 254 nm. 

2.3 Preparation of vesicles 

A preformulation study was performed to evaluate the best composition able to 

incorporate and retain high amount of mangiferin and promote its efficacy for the topical 

treatment of psoriasis and atopic dermatitis. Various amounts of different phospholipids 

were tested, tween 80 was added as excipient aiming at ameliorating the physico-

chemical properties of vesicles, Table 1.  

 

Table1 

Composition of hydrating medium, mean diameter (MD), polydispersity index (PI) and 

zeta potential (ZP) of liposomes, glycerosomes, ethosomes and glycethosomes loading 

mangiferin (2 mg/mL). Each value represents the mean ± standard deviation of at least 

three determinations. 

Formulation  Hydrating medium MD (nm) PI ZP (mV) 

Liposomes Water 452±3 0.40 -37±2 

Glycerosomes Glycerol:water  391±2 0.50 -31±1 

Ethosomes Ethanol: water 643±3 0.40 -39±1 

Glycethosomes Glycerol:ethanol:water 140±1 0.32 -42±1 

 

Among all formulation tested, those obtained using S75 as phospholipid and a mixture of 

glycerol, ethanol and water (50:25:25) seemed to be the ideal vesicle as it was the smaller 

and homogeneous system. The glycerol: ethanol: water blend was used to hydrate S75 
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(100 mg/mL) and tween 80 (5 mg/mL). The mixture was slightly heated (40°C) in a water 

bath and then different amounts of mangiferin (2, 4, 6 and 8 mg/mL) were added to 

evaluate the higher quantity of mangiferin which could be stably incorporated and 

retained in these systems. The dispersions were sonicated for 4 min with a CY-500 

ultrasonic disintegrator (Optic Ivymen system, Barcelona, Spain) and then extruded 

through a 0.20 µm membrane (Whatman, GE Healthcare, Fairfield, Connecticut, US) by 

using Avanti® Mini Extruder (Avanti Polar Lipids, Alabaster, Alabama). Mangiferin 

dispersion (8 mg/mL) and empty glycethosomes were also prepared as control. The 

composition of vesicles is given in Table 2. 

2.4 Characterization of vesicles  

Vesicle formation and morphology were checked by cryogenic Transmission Electron 

Microscopy (cryo-TEM). A thin aqueous film was formed by placing a sample drop on a 

glow-discharged holey carbon grid and then blotting the grid against filter paper. The film 

was vitrified by plunging the grid in ethane maintained at its melting point with liquid 

nitrogen, using a Vitrobot (FEI Company, Eindhoven, The Netherlands). The vitreous films 

were transferred to a Tecnai F20 TEM (FEI Company) and the samples were observed in a 

low-dose mode. Images were acquired at 200 kV at a temperature between -170 -175 °C, 

using low-dose imaging conditions not exceeding 20 e-/Å2, with a CCD Eagle camera (FEI 

Company). The average diameter and polydispersity index (PI) of glycethosomes were 

measured by Photon Correlation Spectroscopy (PCS) using a Zetasizer nano-ZS® (Malvern 

Instruments, Worcestershire, UK). Zeta potential was estimated using the Zetasizer nano-

ZS by means of the M3-PALS (Mixed Mode Measurement-Phase Analysis Light Scattering) 

technique, which measures the particle electrophoretic mobility.  

The stability on storage was evaluated for 90 days at 4 °C, by measuring the particle size, 

PI and Zeta potential of glycethosomes every 30 days, which provided useful information 

about changes in size distribution and surface charge. 

The entrapment efficiency (EE) of the glycethosomes was determined as the percentage 

of the amount of mangiferin recovered after dialysis versus the amount initially used. 

Each sample (1 mL) was loaded into Spectra/Por®tubing (12–14 kDa MW cut-off; 

Spectrum Laboratories Inc., DG Breda, The Netherlands) and dialyzed against 1L of water 
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at room temperature for 8 hours. The mangiferin content was measured by HPLC after 

disruption of non-dialysed and dialysed vesicles with Triton X-100 (10 %). 

2.5 Rheological measurements of mangiferin loaded vesicles 

Rheological measurements were carried out at 25±1 °C, using a controlled stress 

rheometer (RheoStress 1, Thermo Haake, Germany) equipped with a Haake K10 

thermostatic bath control and data logging software (RheoWin 4.0.1). Samples were 

allowed to rest for at least 300 s for temperature equilibrium and stress relaxation. Cone-

plate sensor (2°, 35 mm diameter) were used for the analyses.  

Step flow curves were obtained in a controlled stress mode (30 s each step in logarithmic 

distribution). The shear stress range was chosen to evaluate viscosities corresponding to 

very low shear rates (up to ~100 s-1). All measurements were performed in triplicate, at 

25°C. The viscosities results can be calculated by using the simplified Carreau model. 

0

s
2

c

1


 =

  
 +     

              (1) 

where η0 is the zero-shear viscosity,  c is the critical shear rate, and s the shear thinning 

index. 

2.6 Evaluation of in vitro skin delivery of mangiferin loaded vesicles 

Experiments were performed using human abdominal skin obtained from donors aged 

40-50 years who undergone cosmetic surgical procedures. The skin was given by Hospital 

Clinic Universitario (Valencia, Spain) after informed consent obtained from patients. The 

skin was prepared within the first 3 h after excision, removing all subcutaneous fatty 

tissue, and was stored at -80 °C until use (Alves et al. 2007). The full-thickness human 

epidermis was placed between the donor and receptor compartments of Franz diffusion 

vertical cells (effective diffusion area of 0.784 cm2). The receptor compartment (6 mL) 

was filled with an aqueous solution containing 1% of tween 80, thermostated at 37±1 °C, 

and continuously stirred. The different formulations (200 µL) were applied onto the 

surface of epidermis. At regular time intervals, the receiving solution was withdrawn, 

replaced with the same volume of pre-thermostated fresh aqueous solution up to 24 

hours and analysed by HPLC for mangiferin content. At the end of the permeation 
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experiments, to verify the integrity of the epidermis, 1 mL of phenol red solution (0.5 

mg/mL) was applied on the skin surface, which was considered intact when the amount 

of phenol red in the receptor compartment was lower than 1%. 

After 24 hours the skin surface was removed and gently washed and dried with filter 

paper, then it was putted in glass vials and methanol (5 mL) was added to allow the 

extraction of mangiferin accumulated in the epidermis. The extraction procedure was 

performed for 24 hours under constant stirring (350 rpm) at room temperature (25±1 °C), 

then the extractive solution was analysed by HPLC for mangiferin content. 

2.7 Evaluation of in vitro biocompatibility of mangiferin loaded vesicles  

3T3 mouse fibroblasts (ATCC, Manassas, VA, USA) were grown as monolayers in 75-cm2 

flasks, incubated at 37°C in 5% CO2 and 100% humidity. Dulbecco’s modified Eagle’s 

medium (DMEM), supplemented with 10% (V/V) fetal bovine serum, 

penicillin/streptomicin (100 U/mL), and 0.1% fungizone was used as culture medium. For 

biocompatibility experiments, 3T3 cells were seeded in 96-well plates at density of 1x104 

cell/well. After 24 hours of incubation, 3T3 cells were exposed for 48 h to mangiferin in 

dispersion (8mg/mL) or loaded in vesicles (2,4,6,8 mg/mL) at different dilutions (1:1000, 

1:10000; 1:100000 and 1:1000000). Cell viability was evaluated by means of MTT [3 (4,5-

dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide] colorimetric assay. MTT (100 µL, 

0.5 mg/mL final concentration) was added to each well, and then, after 3 h the formazan 

crystals formed were dissolved in DMSO (100 µL). The reaction was 

spectrophotometrically measured at 570 nm using a microplate reader (Multiskan EX, 

Thermo Fisher Scientific, Inc., Waltham, MA, US). The experiments were repeated at least 

three times. The results are presented as a percentage of untreated cells (100% viability). 

2.8 Protection of cells against oxidative stress by using mangiferin loaded vesicles 

3T3 cells were seeded into 96-well plates and exposed to hydrogen peroxide (1:40000 

dilution) and simultaneously treated with mangiferin in dispersion or loaded in vesicles (8 

mg/mL and 2, 4, 6 and 8 mg/mL for dispersion and vesicles, respectively). After 4 h, the 

cells were washed with PBS and cell viability was evaluated by MTT assay. Untreated cells 

were used as negative control, while cells treated with hydrogen peroxide only were used 
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as positive control. Final results are reported as the percentage of untreated cells (100% 

viability). 

2.9 Study of effectiveness of mangiferin loaded vesicles in Inflammatory mice models 

Mice were supplied by Envigo laboratories (Barcelona, Spain), and were acclimated for 

one week before their use. All studies were performed in accordance with the European 

Union regulations for the handling and use of laboratory animals. The protocols were 

approved by the Institutional Animal Care and Use Committee of the University of 

Valencia (code 2018/VSC/PEA/0032 type 2). 

Inflammation and ulceration were induced by applying topically TPA, dissolved in acetone 

(3 µg/20 µL), to the shaved dorsal area (1 cm2) of female CD-1 mice (5–6 weeks old, 25–

35 g). All glycethosomes (200 µL) were topically applied in the same dorsal site 3 h after 

TPA application. The protocol/experimental plan was repeated for 3 days. Mice (n=5, per 

group) were sacrificed on day fourth by cervical dislocation. Visual inspection of the skin 

after the treatment, along with myeloperoxidase activity (MPO) and oedema formation 

were measured. Inhibition of MPO activity was evaluated as previously reported 

(Pleguezuelos-Villa et al. 2019). The treated dorsal skin was excised, weighed and used to 

measure oedema formation. For histological assays, tissue samples were stored in 

formaldehyde (0.4%, V/V) and longitudinal sections (5 mm) of the skin, obtained using a 

rotary microtome, were mounted on slides and marked with haematoxylin and eosin 

according to standard protocols. Tissues were observed and analysed using an optical 

microscope (DMD 108 Digital Micro-Imaging Device, Leica, Wetzlar, Germany).  

2.10 Statistical analysis of data 

Statistical differences were determined by one-way ANOVA test and Tukey’s test for 

multiple comparisons with a significance level of p < 0.05. All statistical analyses were 

performed using IBM SPSS statistics 22 for Windows (Valencia, Spain). Data are shown as 

mean ± standard deviation. 

3. Results and discussion 

3.1 Preparation and characterization of vesicles 

In this study, aiming at promoting the effectiveness of mangiferin in the treatment of 

psoriasis or atopic dermatitis, new phospholipid vesicles were designed. To achieve 
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versatile and stable formulations, capable of incorporating high amount of mangiferin, a 

preformulation study was carried out. Lipoid S75 were use as phospholipid (100 mg/mL) 

and combined with tween 80 (5 mg/mL). The last acts as edge activator and improve the 

flexibility of the bilayer (Perez et al. 2016). Mangiferin were loaded at concentration of 2 

mg/mL. Lipids, surfactant and payload were mixed and hydrate with water to obtain 

liposomes, water and glycerol (50:50 v/v) to obtain glycerosomes, water and ethanol 

(50:50 v/v) to obtain ethosomes, glycerol, ethanol and water (50:25:25 v/v) to obtain 

glycethosomes. Composition of hydrating medium as well mean diameter, polydispersity 

index and zeta potential of vesicles loading mangiferin are reported in Table 1. 

Glycethosomes was the smallest vesicles (~140 nm), most homogeneously dispersed (PI 

0.32) and highly negatively charged (-42 mV). The mean diameter of other vesicles was 2-

3 times higher. Additionally, the dispersion was very instable and after few days formed 

two phases. As a consequence, the further studies were focuses on glycethosomes. The 

same formulation was prepared using the same amount of phospholipid, tween and 

increasing concentrations of mangiferin (2, 4, 6 and 8 mg/mL), in order to find the highest 

amount of phytodrug which should be loaded. Empty glycethosomes were also prepared 

and used as reference. The mean physico-chemical characteristics of vesicles were 

measured (Table 2). Empty vesicles and those loading 2, 4 and 6 mg/mL showed the same 

mean diameter (~140 nm), polydispersity index and zeta potential without differences 

statistically significant among the group (p> 0.05). The highest concentrations of 

mangiferin seem to be critic and the mean diameter of these vesicles was double (~288 

nm) compared with the other samples. Probably, using this concentration, the mangiferin 

which preferentially located in the vesicle bilayer, saturated it modifying the its 

assembling and curvature radius leading to the increase of particle size (Huang et al. 

2017). However, according to other authors, vesicles sized between 100 and 1000 nm are 

suitable for transdermal administration (Hussain et al. 2017). 

The entrapment efficiency (EE%) of mangiferin in glycethosomes slightly decrease as the 

amount of mangiferin loaded in the formulation increased (Table 2).  
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Table 2 

Mangiferin concentration (MC), mean diameter (MD), polydispersity index (PI), zeta 

potential (ZP) and entrapment efficiency of 2-glycethosomes, 4-glycethosomes,6-

glycethosomes,8-glycethosomes. Each value represents the mean ± standard deviation of 

at least three determinations. 

Formulation  MC (mg/mL) MD (nm) 
 

PI 
 

ZP (mV) 
 

EE (%) 

             0 141±2 0.32 -40±1  

2-Glycethosomes             2 140±2 0.31 -43±2 78±1 

4-Glycethosomes 4     149±2 0.33 -40±1 70±1 

6-Glycethosomes 6    151±3 0.29 -38±1 65±1 

8-Glycethosomes 8    288±2 0.32 -39±2 62±1 

 

Vesicle morphology was evaluated by using Cryo-TEM, which underline the formation of 

uni- and oligolamellar, spherical and regularly shaped vesicles. These results are in 

agreement with those obtained by using dynamic light scattering technique, as particle 

size was ~140 nm for 2-, 4- and 6-glycethosomes and bigger for 8-glycethosomes, (Fig. 1). 

 

 

Fig. 1. Representative cryo-TEM images of 2-glycethosomes (A), 4-glycethosomes (B), 6-

glycethosomes (C) and 8-glycethosomes (D). 

 

The prepared vesicles were stored at 4°C for 3 mouths and their physico-chemical 

characteristics (size, PI and zeta potential) were measured at scheduled times. All vesicles 

desperations were highly stable as any significant variation (p<0.05) of the measured 

parameters were detected during the storage (Fig. 2).  
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Fig. 2. Mean diameter (MD), polydispersity index (PI) and zeta potential (ZP) of mangiferin 

loaded into 2-glycethosomes, 4-glycethosomes, 6-glycethosomes and 8-glycethosomes 

stored for 3 months at 4°C. Data are reported as mean values ± standard deviations (error 

bars).  

 

3.2 Rheological measurements 

The physical state of dispersions and the possible interactions between the vesicles were 

evaluated by rheological analyses. Viscoelastic properties of the different glycethosomes 

were evaluated by measuring their viscosity (Fig. 3).  

 

Fig. 3. Representative flow curves fitted to Carreau model for 2-glycethosomes (  ), 4-

glycethosomes (∆), 6-glycethosomes (□) and 8-glycethosomes (●).  
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As expected, 8-glycethosomes were the most viscous (2584±46 Pa s) as the viscosity 

increased as the mangiferin concentration increased: 2-glycethosomes (279±4 Pa s); 4-

glycethosomes (730±12 Pa s) and 6-glycethosomes (1364±33 Pa s). Besides, all 

formulations had a similar pseudoplastic behavior (s ~ 0.42). The highest value of viscosity 

measured for 8-glycethosomes was clearly dependent to the increased mean diameter of 

vesicles which can encapsulated a large amount of aqueous medium reducing that free in 

intervesicle spaces. However, a viscosity increase was observed as a function of other 

mangiferin concentrations too (2, 4 and 6 mg/mL) while the mean diameter of these 

vesicles remained unchanged. This increase can be related to an improvement of 

interactions between vesicles, which decreased the kinetic energy.  

3.3 In vitro skin penetration and permeation studies  

The ability of the new vesicles to facilitate the skin delivery of mangiferin was evaluate by 

using franz diffusion cells (Manca et al. 2016). Additionally, mangiferin (8 mg/mL) was 

dispersed in a blend of water, ethanol, and glycerol and the obtained dispersion was used 

as reference to compare the vesicle performances (Fig. 4).  

 

 

 

Fig.4.  Mangiferin accumulated in epidermis (EP) after 24 h of experiment. Bars represent the 

mean ± standard deviation of at least six independent experimental determinations.  
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Using the mangiferin (8 mg/mL) in dispersion the deposition in the skin was ~15 g like to 

that provided by the vesicles (~15 g, p>0.05) loading the lowest concentration of 

mangiferin (2 mg/mL). Using the mangiferin loaded in vesicles the amount of phytodrug 

accumulated in the epidermis was closely related to the administered dose. Indeed, the 

amount deposited in the skin after the application of 8-glycethosomes which loaded 8 

mg/mL of mangiferin was 9-fold higher than that accumulated after the application of 

mangiferin dispersion which contained the same amount of phytodrug. Results disclosed 

the optimal performance of glycethosomes in the skin delivery of mangiferin.  

The amount of phytodrug which permeated in the receptor fluid was the lowest using the 

dispersion and increased as a function of the loaded mangiferin in the vesicles, as follows: 

mangiferin dispersion <2-glycethosomes (0.81%) <4-glycethosomes (0.86%) <6-

glycethosomes (1.52%) <8-glycethosomes (1.70 %) (p<0.05). The lower permeation of 

mangiferin in dispersion may be related to its high molecular weight (∼422.34 g/mol) and 

hydrophilicity (log P oct= -0.65), which make difficulty its permeation through the stratum 

corneum. Moreover, it was observed that the permeation of the drug through the skin 

was independent of the vesicle size as the best results were obtained with 8-

glycethosomes, which were significantly larger than the other vesicles. Given that, the 

accumulated amount in the RC was ~1.70% or lower, thus it can be considered negligible. 

 

3.4 In vitro cell viability and protection against oxidative stress 

The biocompatibility of mangiferin in dispersion or loaded into glycethosomes was 

evaluated by using fibroblasts (3T3 cells, Fig. 5A).  

The vesicle viability was slight lower using the lower dilution corresponding to 10 g/mL 

of mangiferin irrespective to the used formulation. Using the other dilutions any mortality 

was detected and the viability of cells was 100%. Results confirmed a great 

bioavailability of mangiferin dispersion which was not affected by the loading in vesicles.  

The ability of mangiferin in dispersion or loaded in glycethosomes to protect the cells 

against oxidative stress was evaluated (Fig. 5B).  

The cells were stressed with hydrogen peroxide and simultaneously treated with 

formulations. The viability of stressed cells was very low (∼40%). The addition of 

mangiferin in dispersion was able to slightly counteract the oxidative stress as the viability 
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increased up to (∼70%). However, the best results were obtained when the mangiferin 

was loaded in glycethosomes as the viability reached ~100% irrespective of the used 

amount of phytodrug (p <0.01 versus result provided by mangiferin dispersion).  

 

 

 

Fig. 5. A Viability of 3T3 cells incubated for 48 h with different concentrations of 

mangiferin in dispersion or loaded into glycethosomes. B Protective effect of mangiferin 

in dispersion (8 mg/mL) or loaded in glycethosomes against hydrogen peroxide-induced 

oxidative stress in 3T3 cells. Data are reported as mean values ± standard deviations (error 

bars) of cell viability expressed as the percentage of control (100% viability).  

 

These results underlined the ability of the vesicles to promote the protection of cells 

against oxidative stress by reducing the damages caused by the oxygen reactive species. 

Considering that this process is involved in the pathogenesis of psoriasis, these new 

mangiferin loaded glycethosomes represent a promising tool for the treatment of this 

pathology (Lai et al. 2018).  

3.5 Inflammatory TPA mice models 

Psoriasis is an inflammatory skin disorder characterized by the hyperproliferation of basal 

epidermal cells. It has been postulated that potent anti-inflammatory and antioxidant 

agents can play an important role in restoring physiological conditions (Pivetta et al. 2018; 

Zengin et al. 2019). 

In the present study, TPA was applied topically on mice skin to induce ulceration and 

inflammation effects. The therapeutic efficacy of mangiferin in dispersion or loaded in 
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glycethosomes was evaluated in vivo by measuring the inhibition of oedema and 

inflammatory cell activation, typical events associated with skin lesion. To evaluate the 

effect of the vesicles alone, empty vesicles were also tested. 

TPA-induced oedema was significantly reduced (p<0.05) by treating the wounded skin 

with mangiferin loaded vesicles, (~51% inhibition), irrespective to the mangiferin 

concentration used (p>0.05), while the inhibition was only ~6 and 9% (p>0.05) when 

empty vesicles and mangiferin  loaded vesicles were used (Table 3).  

 

Table 3 

Inhibition of oedema and MPO activity in mice exposed to TPA and treated with 

mangiferin in dispersion or loaded into glycethosomes. Mean values ± standard deviation 

is reported. * indicate values significantly different from glycethosomes, # indicate values 

significantly different from 8-glycethosomes (p < 0.05).  

 

 

MPO activity was inhibited as follows: mangiferin loaded vesicles (~83%) > mangiferin 

dispersion (~30%) > empty vesicles (~25%). These findings demonstrated that the delivery 

of mangiferin at the wound site using phospholipid vesicles, improves the effectiveness 

of phytodrug against skin inflammation and this effect should be facilitated by the 

penetration effect of ethanol and emollient and hydrating properties of glycerol. In 

addition, different studies suggested that the combination of anti-inflammatory and 

antioxidant compounds as mangiferin (Biswas et al. 2015; Bairy et al. 2002) with 

emollients should be used as second and third-line psoriasis therapies (Khosravi et al. 

2017). However, all consensus conferences and guidelines supported the use of 

emollients as a first‐line therapy for the treatment of atopic dermatitis (Ring et al. 2012; 

Eichenfield et al. 2014). 

Formulations Oedema inhibition (%) MPO inhibition (%) 

TPA 0 0 

Mangiferin dispersion   9±0.1*    30±0.6* 

Empty glycethosomes   6±0.1*    26±2.4* 

4-glycethosomes 47±3.2 80±5.1 

6-glycethosomes 51±2.9 81±4.4 

8-glycethosomes 58±2.6  87±3.0# 
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Macroscopic evaluation of the treated skin underlined the superior ability of 

glycethosomes to heal the wound in comparison with the dispersion used as reference, 

irrespective of the concentration tested (Fig.6), even if better results were obtained using 

6- and 8-glycethosomes (loading 6 and 8 mg/mL of mangiferin).  

 

Fig. 6. Mice skin lesions caused by TPA application and treated with empty glycethosomes, 

mangiferin in dispersion or loaded into 4-glycethosomes, 6-glycethosomes and 8-

glycethosomes, and untreated skin.  

 

Histological analysis (Fig. 7) showed that topical application of mangiferin loaded vesicles, 

irrespective to the used mangiferin concentration, were able to reduce the pathological 

effect induced by TPA in comparison with mangiferin dispersion and empty 

glycethosomes. In agreement with the macroscopic observation, 4-glycethosomes 

showed a slight accumulation of inflammatory cells in the epidermis with parakeratosis 

evidences and a moderate inflammatory infiltration in dermis. 

 

 

Fig. 7. Histological determination of the mice skin exposed to TPA, treated with empty 

glycethosomes and with mangiferin in dispersion or loaded into 4-glycethosomes, 6-

glycethosomes and 8-glycethosomes, and untreated skin. Original magnification 10x. 
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However, as the mangiferin concentration increased (6- and 8-glycethosomes), the 

protection against damaging effects of TPA also increased. Otherwise, skin treated with 

TPA only, displayed inflammatory infiltrates of mononuclear cells, eosinophils and 

neutrophils, along with severe dermal and subcutaneous alteration. These alterations are 

slightly reduced by treating the skin with mangiferin dispersion. 

 

4. Conclusions 

The delivery of mangiferin in glycethosomes, along with the high viscosity of these 

vesicles, favoured the retention of the drug in the epidermis and provided a depot of 

mangiferin on the skin that could be released slowly. All vesicles tested were highly 

biocompatible and promoted the effectiveness of mangiferin against the oxidative stress 

induced in fibroblasts using hydrogen peroxide. In vivo results underlined one time more 

the superior ability of vesicles to promote the heal of the wound induced by TPA. Overall 

results seemed to indicate a remarkable therapeutic potential of mangiferin loaded 

glycethosomes for the treatment of psoriasis or other skin disorders. 
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Abstract 

In this study, new biocompatible nanovesicles are proposed as tools to evaluate the 

efficacy of the combination of mangiferin and naringin in the treatment of skin diseases 

connected with inflammatory and oxidative processes, such as psoriasis or atopic 

dermatitis. Mangiferin and naringin, at high concentrations, were loaded into 

transfersomes, glycethosomes, glycerosomes, glycethohyalurosomes and 

glycerohyalurosomes, which were obtained by varying the composition of the dispersing 

medium (water; glycerol-ethanol-water; glycerol-water; glycerol-ethanol-sodium 

hyaluronate aqueous solution; glycerol-sodium hyaluronate aqueous solution). The use 

of a high amount of sodium hyaluronate solution (40 and 50%), improved the vesicle 

stability and induced a decrease in vesicles’ mean diameter. An extensive study was 

carried out to evaluate the physico-chemical features and properties of the vesicles. All 

the vesicles were highly biocompatible and showed a strong ability to protect fibroblasts 

against oxidative damages induced by hydrogen peroxide in vitro. Percutaneous studies 

on intact pig skin showed an improved ability of glycethohyalurosomes and 

glycerohyalurosomes to favour the deposition of both mangiferin and naringin in the 

whole skin. Moreover, in vivo tests on mice underlined the higher efficacy of co-loaded 

mangiferin and naringin in glycethohyalurosomes and glycerohyalurosomes in 

counteracting inflammation, myeloperoxydase activity, and especially oedema 

formation, induced by a phorbol ester (TPA) treatment. 

 

 

Keywords: Mangiferin; naringin; phospholipid vesicles; sodium hyaluronate; rheology; 

oxidative stress; skin delivery. 
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1. Introduction 

Psoriasis and atopic dermatitis are the most common chronic and recurrent inflammatory 

skin diseases, which affect 15–20% of children and 1–3% of adults worldwide (1). They 

are characterized by infiltration of inflammatory cells, increased vascularization of the 

skin, hyperproliferation and abnormal differentiation of epidermal keratinocytes (2,3). 

Multiple mechanisms are involved in these diseases: early factors include activation of 

innate immunity, inflammation, and oxidative stress (4). 

Although good progress has been made in the knowledge of these chronic diseases, safe 

and effective treatments are still lacking. The challenge is therefore to explore alternative 

therapies that can avoid the problems often associated with the traditional treatments, 

thus capable of reducing the administered dose, the frequency of administration, and the 

side effects (atrophy,  immunosuppression, organ toxicity and  infection), with the 

consequent improvement of the quality of life of patients (5). In recent years, alternative 

therapies have been proposed, mainly based on the incorporation of natural products 

into innovative nanocarriers, especially liposomes, which can potentiate the anti-

inflammatory effect of the payload and thus reduce the symptoms of the disease (6,7). 

Among the natural substances, polyphenols seem to be the most promising compounds 

for the treatment of diseases connected with oxidative and inflammatory processes. In 

light of this, in this work, mangiferin and naringin, flavonoids with anticarcinogenic, anti-

inflammatory, and antioxidants properties (8–11), were combined to evaluate their 

efficacy in the treatment of skin diseases. 

Our previous studies suggested that the incorporation of mangiferin or naringin into 

nanosystems could improve their therapeutic potential, as naringin transfersomes, 

mangiferin glycethosomes or mangiferin nanoemulsions were more effective than the 

corresponding dispersions in counteracting psoriasis or other skin disorders. Moreover, 

the critical importance of the composition of the dispersing medium used to obtain 

phospholipid vesicles to promote the efficacy of the payload was highlighted (12–14). 

Taking into account these findings, in this work, different phospholipid vesicles, namely 

transfersomes, glycethosomes and glycerosomes, were prepared by varying the 

composition and proportions of the dispersing medium to determine the best 

formulations for mangiferin and naringin. In addition, considering the importance of using 

biocompatible materials for a better stabilization of the formulation and aiming at 
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promoting the performance of the delivery systems (15), sodium hyaluronate, a natural 

biopolymer, was included in the vesicles, thus producing glycethohyalurosomes and 

glycerohyalurosomes. All the vesicles were characterized by analyzing their average 

diameter, polydispersity index (PDI) and zeta potential; FTIR and rheological 

measurements were performed as well. In vitro study on the protective effect of the 

formulations against oxidative stress damages in mouse fibroblasts, along with a 

permeation assays to evaluate the accumulation and distribution of mangiferin and 

naringin into and through pig skin, were carried out. 

Furthermore, the possible synergistic anti-inflammatory/antioxidant effects of 

mangiferin-naringin against TPA-induced skin lesion in mice was investigated.  

2. Materials and methods 

2.1 Materials 

Lipoid® S75, soybean lecithin containing lysophosphatidylcholine (3% maximum), 

phosphatidylcholine (70%), phosphatidylethanolamine (10%), fatty acids (0.5% 

maximum), and triglycerides (3% maximum), was purchased from Lipoid Gmbh 

(Ludwigshafen, Germany). Sodium hyaluronate of low molecular weight (200-400 kDa) 

was purchased from DSM Nutritional Products AG Branch Pentapharm (Aesch, 

Switzerland). Naringin, glycerol, tween 80, MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl 

tetrazolium bromide), TPA (12-O-tetradecanoyl-phorbol-13-acetate) and all the other 

reagents of analytical grade were purchased from Sigma-Aldrich (Milan, Italy). Mangiferin 

was purchased from Carbosynth Limited (UK). Cell medium, foetal bovine serum, 

penicillin and streptomycin, fungizone, and all the other reagents for cell studies were 

purchased from Thermo-Fisher Scientific Inc. (Waltham, MA, US) 

2.2 Analytical method 

Mangiferin and naringin contents were determined by high-performance liquid 

chromatography (HPLC) using a Perkin Elmer® Series 200 equipped with a photodiode 

array UV detector and a C18 reverse-phase column (Teknokroma®Brisa “LC2” 5.0 μm, 150 

× 4.6 mm). The isocratic mobile phase consisted of a mixture of hydrochloric acid (pH 4.0) 

and methanol (50:50, v/v), the flow rate was 0.8 mL/min, and the injection volume was 

20 μL. The detection wavelength was set at 280 nm. 
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2.3 Vesicles preparation 

Different types of vesicles were formulated in order to determine the best composition 

for the co-incorporation of mangiferin and naringin. Lipoid ® S75 (180 mg/mL), tween 80 

(5 mg/mL), mangiferin (10 mg/mL) and naringin (10 mg/mL) were mixed and dispersed in 

water to obtain transfersomes, or water/glycerol (50:50) to obtain glycerosomes, or 

glycerol/ethanol/water (33.33:33.33:33.33 and 40:20:40) to obtain glycethosomes A and 

glycethosomes B, respectively. The dispersions were sonicated (5 s on and 2 s off, 30 

cycles; 14 μm of probe amplitude) with a Soniprep 150 ultrasonic disintegrator (MSE 

Crowley, London, UK) to obtain small and homogeneous vesicles. Furthermore, to 

improve the stability and performance of the formulations, an aqueous solution of 

sodium hyaluronate (0.1% w/v) was added to the dispersing medium mixtures of 

glycerol/ethanol/sodium hyaluronate solution (33.33:33.33:33.33 and 40:20:40) were 

used to produce glycethohyalurosomes A and glycethohyalurosomes B; a mixture of 

glycerol/sodium hyaluronate solution (50:50) was used to produce glycerohyalurosomes. 

The dispersions were sonicated (5 s on and 2 s off, 30 cycles; 14 μm of probe amplitude). 

Vesicles’ composition is given in Table 1. 

Mangiferin-naringin aqueous dispersion and empty vesicles were also prepared and used 

as references.  

2.4 Vesicles characterization 

The average diameter, polydispersity index (PI) and zeta potential of the vesicles were 

determined by Dynamic and Electrophoretic Light Scattering using a Zetasizer nano-ZS 

(Malvern Instruments, Worcestershire, UK). These parameters were also measured over 

a storage period of 90 days at 4 °C to evaluate vesicles’ stability.  

The interactions between the vesicles and mangiferin-naringin were evaluated by Fourier 

transform infrared (FTIR) studies, at room temperature in a spectral region between 500 

and 4000 cm−1, by using ATR Agilent Cary 630 (Germany). 

The vesicle formulations (1 mL) were purified from the non-incorporated mangiferin-

naringin by dialysis (Spectra/Por membranes: 12–14 kDa MW cut-off, 3 nm pore size; 

Spectrum Laboratories Inc., DG Breda, The Netherlands) against 2 L of water for 2 h, with 

water refreshed after 1 h. 
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The antioxidant activity (AA) of mangiferin and naringin in aqueous dispersion or loaded 

into the vesicles was assessed by measuring their ability to scavenge DPPH (2,2'-diphenyl-

1-picrylhydrazyl) radical. Samples (10 µL) were dissolved in 1990 µL of DPPH methanolic 

solution (4 mg/100 mL) and incubated for 30 min at room temperature, in the dark. Then, 

the absorbance (ABS) was measured at 517 nm against blank. All the experiments were 

performed in triplicate. AA was calculated according to the following formula: 

AA = (ABSDPPH – ABSsample/ABSDPPH ) x 100 

AA was also measured before and after dialysis of the vesicle formulations and the 

entrapment efficiency (EE) of the vesicles was calculated as the percentage of the AA of 

dialyzed versus non-dialyzed samples (16). 

 

Table1. Composition of vesicle formulations. 

Formulation 
S75 

(mg/mL) 
Naringin 
(mg/mL) 

Mangiferin 
(mg/mL) 

Tween80 
(mg/mL) 

Glycerol 
(%) 

Ethanol 
(%) 

Water 
(%) 

Sodium 

hyaluronate 

solution (%) 

Transfersomes 180 10 10 5 ---- ----- 100 ----- 

Glycethosomes A 180 10 10 5 33.33 33.33 33.33 ----- 

Glycethosomes B 180 10 10 5 40 20 40 ----- 

Glycethohyalurosomes A 180 10 10 5 33.33 33.33 ---- 33.33 

Glycethohyalurosomes B 180 10 10 5 40 20 ----- 40 

Glycerosomes 180 10 10 5 50 ----- 50 ---- 

Glycerohyalurosomes 180 10 10 5 50 ---- ----- 50 

 

2.5 Rheological measurements 

A controlled stress rheometer (RheoStress 1, Thermo Haake, Germany) equipped with 

control and data logging software (RheoWin 4.0.1) and a Haake K10 thermostatic bath for 

temperature control, was used. After loading, samples were allowed to rest for at least 

300 s for stress relaxation and temperature equilibrium. A cone-plate sensor (2°, 35 mm 

diameter) was used. Two types of rheological measurements were performed: flow 

curves and small amplitude oscillation sweeps tests. All measurements were performed 

in triplicate, at 25 °C. 
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Step flow curves were performed in controlled stress mode (30 s each step in logarithmic 

distribution). The viscosity results were fitted to the simplified Carreau model. 

0

s
2

c

1


 =

  
 +       

where η0 is the zero-shear viscosity, γċ is the critical shear rate, and s the shear thinning 

index. 

Viscoelastic properties were determined by oscillatory measurements. Both elastic (G′) 

and viscous (G‶) moduli were measured varying the frequency sweep from 0.01 to 10 Hz, 

at a constant stress (within the linear viscoelastic region, formerly determined from stress 

sweep tests at 1 Hz). The loss tangent (tanδ= G′′/G′) was calculated as the ratio between 

the viscous and the elastic moduli. 

2.6 In vitro cytocompatibility and antioxidant effect of the vesicular formulations. 

3T3 mouse fibroblasts (ATCC collection, Manassas, VA, US) were grown with 100% 

humidity and 5% CO2 at 37 °C. Dulbecco’s Modified Eagle Medium (DMEM) with 10% 

foetal bovine serum, 1% penicillin-streptomycin and fungizone, was used to culture the 

cells. Cell viability was measured by means of the MTT test (18). The cells (7.5x103 

cells/well) were seeded into 96-well plates, cultured for 24 h, and exposed for 48 h to the 

samples diluted with medium to achieve the desired concentrations (10, 1, 0.1, 0.01 

μg/mL). Thereafter, an MTT solution (0.5 mg/mL final concentration) was added to each 

well, removed after 3 h, and replaced with dimethyl sulfoxide. The absorbance was read 

at 570 nm with a microplate reader (Multiskan EX, Thermo Fisher Scientific Inc., Waltham, 

MA, US). The results are shown as a percentage of live cells in comparison with untreated 

control cells (100% viability). 

To evaluate the protective ability of the vesicles against oxidative damages induced by 

hydrogen peroxide, the cells were seeded into 96-well plates, incubated for 24 h, and 

exposed simultaneously to hydrogen peroxide (1:50000 dilution) and mangiferin- naringin 

loaded vesicles (1 µg/mL). After 4 h, the cells were washed with PBS, and the MTT assay 

was performed to assess cell viability. Untreated cells (100% viability) were used as a 
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negative control, and cells exposed only to hydrogen peroxide were used as a positive 

control. 

2.7 In vitro skin delivery studies 

Skin delivery experiments were performed by using the dorsal skin of pigs (~1.5 kg) died 

of natural causes, provided by a local slaughterhouse. The skin was pre-equilibrated in 

saline prior to the experiments. Full-thickness skin specimens (n = 6) were placed between 

the donor and receptor compartments of Franz vertical cells (effective diffusion area of 

0.785 cm2). The receptor compartment was filled with a 1% tween 80 aqueous solution, 

thermostated at 37±1 °C, under stirring. The vesicle formulations were applied (200 µL) 

onto the skin surface. 

At regular intervals up to 24 h, the receiving solution was withdrawn, replaced and 

analyzed by HPLC to quantify mangiferin and naringin. After 24 h, the skin surface was 

dried with filter paper and the stratum corneum was removed by stripping with adhesive 

tape (Tesa® AG, Hamburg, Germany) (17). Epidermis was separated from dermis with a 

surgical scalpel. The tape strips and the skin strata were cut, placed each in a glass vial 

with methanol and sonicated for 2 min. The tape strips and skin suspensions were filtered 

and tested for mangiferin and naringin content by HPLC. 

2.8 In vivo assay 

Female CD-1 mice (5–6 weeks old, 25–35 g) were provided by Envigo laboratories 

(Barcelona, Spain) and acclimatized for one week in the animal facility of the University 

of Valencia, prior to the experiments. The studies were performed in accordance with the 

European Union regulations for the handling and use of laboratory animals. The protocols 

were approved by the Institutional Animal Care and Use Committee of the University of 

Valencia (code 2018/VSC/PEA/0032 type 2). 

A short-term topical TPA treatment was performed following a previously reported 

method (12). Briefly, one day after shaving, TPA dissolved in acetone (3 μg/20 μL) was 

applied on the dorsal skin of mice. After 3 h, 200 μL of each formulation was topically 

applied on the same area. This procedure was repeated for 3 consecutive days. Mice (n=5 

per group) were sacrificed on day 4 by cervical dislocation. 

Oedema formation and myeloperoxidase (MPO) activity were measured. The treated 

dorsal skin area of mice was excised and weighed to evaluate oedema formation. MPO 
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assay was carried out as previously detailed (13). Briefly, skin biopsies were homogenized 

and centrifuged, the supernatant was incubated with a mixture of sodium phosphate 

buffer (pH 5.4), phosphate buffer (pH 7.4), hydrogen peroxide and 3,30,5,50-

tetramethylbenzidine dihydrochloride, and then MPO activity was measured 

spectrophotometrically at 450 nm. MPO activity was calculated from the linear portion of 

a standard curve. 

For histological assessment, dorsal skin specimens of treated mice were fixed in 0.4% 

formaldehyde, embedded in paraffin, and sectioned at 5 mm. The sections were 

counterstained with hematoxylin and eosin. The tissues were observed under a light 

microscope (DMD 108 Digital Micro-Imaging Device, Leica, Wetzlar, Germany). 

2.9 Statistical analysis of data 

Statistical differences were determined by one-way ANOVA test and Tukey’s test for 

multiple comparisons with a significance level of p < 0.05. All statistical analyses were 

performed using IBM SPSS statistics 22 for Windows (Valencia, Spain). Data are shown as 

means ± standard deviations. 

3. Results and discussion 

3.1 Vesicle characterization 

Mangiferin and naringin were co-loaded into different vesicular systems: transfersomes, 

glycethosomes, glycethohyalurosomes, glycerosomes and glycerohyalurosomes. The 

physico-chemical characteristics of the vesicles are reported in Table 2. Glycethosomes A 

and glycethohyalurosomes A were the largest vesicles (~250 nm), and 

glycethohyalurosomes B were the smallest vesicles (~100 nm). The other vesicles ranged 

between 131 and 170 nm. The vesicles were highly homogeneous, as indicated by 

polydispersity index values <0.3, except for transfersomes and glycethosomes A (Table 2). 

By comparing glycethohyalurosomes A and B, it can be concluded that B ratios (40:20:40) 

favoured the formation of smaller and more homogeneous vesicles. All the vesicles were 

highly negatively charged, with values around -50 mV. 

The stability of the formulations was evaluated by measuring their size, polydispersity 

index and zeta potential for 3 months (Figure 1). Transfersomes and glycerosomes were 

stable over the monitoring period in terms of size and polydispersity index (p < 0.05). 

Glycethosomes A and B and glycethohyalurosomes A underwent a significant increase in 
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size (up to ~500 nm) throughout the studied period. On the contrary, 

glycethohyalurosomes B and glycerohyalurosomes were highly stable on storage, as the 

studied parameters did not change. Probably, the combination of high amounts of 

glycerol and sodium hyaluronate solution promoted the stabilization of the formulations. 

It was previously reported that sodium hyaluronate could be embedded into the lipid 

bilayer and improve the stability of the vesicle system (19).The zeta potential of 

glycethohyalurosomes B and glycerohyalurosomes remained unchanged, while the values 

for the other vesicles became less negative (~−30 mV, p < 0.05). 

 

Table2. Mangiferin and naringin co-loaded vesicles: mean diameter (MD), polydispersity 

index (PDI), zeta potential (ZP) and entrapment efficiency. Each value represents the 

mean ± standard deviation of at least three determinations. 

Formulation 
MD 

(nm±SD) 
PDI 

ZP 
(mV±SD) 

EE 
(%±SD) 

Transfersomes 140±6 0.34 -48±4 85±2 

Glycethosomes A 264±7 0.31 -50±3 87±3 

Glycethosomes B 170±8 0.28 -45±2 88±2 

Glycethohyalurosomes A 243±9 0.29 -55±4 90±2 

Glycethohyalurosomes B 94±8 0.15 -56±3 88±2 

Glycerosomes 157±6 0.22 -50±4 86±3 

Glycerohyalurosomes 131±6 0.21 -54±3 88±2 

 

The behavior of empty vesicles was similar to that of mangiferin-naringin co-loaded 

vesicles, even though the stability on storage of empty glycethohyalurosomes B and 

empty glycerohyalurosomes was slightly reduced, pointing to a stabilizing effect of the 

two loaded flavonoids. 

All the vesicles were able to incorporate the flavonoids in good yields, as shown by the 

entrapment efficiency values ≥ 85% (Table 2).  

Fourier Transform Infrared (FTIR) studies were performed to better understand the 

interactions of the vesicles’ components, the contribution of sodium hyaluronate to 

vesicle assembly. As shown in Figure 2, the FTIR spectrum of mangiferin showed 

characteristic absorption bands at 3373 cm−1 (hydroxyl group); 2933 cm−1 (C–H 

asymmetric stretching), 1255 cm−1 (–C–O–) and 1093 cm−1 (–C–O–C). Similarly, the 

spectrum of naringin revealed the presence of an intense band at 286 nm and another 
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band at 327 nm, which are characteristic of flavonoids, along with bands at 1080 cm-1 (-

C–O-), 1641 cm-1 (-C=O-) and 1357 cm-1 (–C–O–C). The incorporation of both flavonoids 

into the vesicles caused a significant reduction of the intensity of the peaks, confirming 

the intercalation of these compounds in the bilayer of the formulations. By comparing the 

spectra of the raw flavonoids and the flavonoids in the vesicles, the majority of changes 

were observed in the region between 1800 to 500 cm−1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Mean diameter, polydispersity index (PDI) and zeta potential values of both 

empty and mangiferin-naringin co-loaded vesicles stored for 3 months at 4 °C. Data are 

reported as mean values ± standard deviations (error bars) (n=3).  
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Sodium hyaluronate displayed a peak at 1040 cm -1 (skeletal vibrations involving the C-O-

C bridge), due to its saccharide structure (20). According to other authors, glycerol 

spectrum presents a peak at 1045 cm-1 associated to the stretching of the C–O linkage in 

C1 and C3 (21). The characteristic peak of glycerol at 1045 cm-1 was shifted to 1060 and 

1063 cm-1 in glycethohyalurosomes B and glycerohyalurosomes, respectively, when a high 

percentage of sodium hyaluronate (≥40%) was used, confirming an interaction between 

the biopolymer and the primary alcohol of glycerol. Besides, it is noteworthy that, in the 

region of hydroxyl vibration (3500–3000 cm−1), a slight shift of the peak of the mixtures 

to higher frequencies was detected when the percentage of sodium hyaluronate 

increased. 

 

Figure 2. FT-IR spectra of A) naringin; B) mangiferin; C) sodium hyaluronate; D) 

transfersomes; E) glycethosomes A; F) glycethosomes B; G) glycethohyalurosomes A; H) 

glycethohyalurosomes B; I) glycerosomes; J) glycerohyalurosomes. 
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3.2 Rheological measurements 

An extensive rheological analysis was carried out to investigate the possible 

supramolecular interactions between the different components of the vesicles and the 

influence of sodium hyaluronate on the rheological behavior of the vesicle systems. As 

can be seen in Figure 3A, glycerosomes were the most viscous formulation (60051±1063 

Pa s): glycerol increased the viscosity by ~24 times in comparison with transfersomes 

(2469±54 Pa s). The addition of ethanol and the consequent reduction in the amount of 

glycerol, made the system less viscous. Indeed, the viscosity of glycethosomes A and B 

was (1602±52 and 487±6 Pa s, respectively). On the other hand, the presence of sodium 

hyaluronate (33.33%) increased the viscosity, which was 6537±200 Pa s for 

glycethohyalurosomes A. However, no further increase in viscosity was detected when 

the amount of sodium hyaluronate was increased (40% in glycethohyalurosomes B and 

50% in glycerohyalurosomes), suggesting a possible interaction between glycerol and the 

polymer (as already detected by FTIR studies) that drastically modified the assembly of 

the vesicles producing a more fluid and stable system. Indeed, an increase in the amount 

of sodium hyaluronate aqueous solution can produce a conformational change in the 

chains of the polymer influenced by the ionic strength, so that the viscosity is significantly 

reduced. Besides, increasing the shear rates, the polymer chains deformed and aligned 

along the streamlines of flow, which resulted in a reduction of the viscosity (22). As shown 

by the flow curves in Figure 3A, glycethohyalurosomes B and glycerohyalurosomes were 

the least viscous formulations (229±8 and 68±1.5 Pa s, respectively). 

In order to obtain information about the internal structure of the systems, oscillatory 

measurements at a constant stress, in the linear viscoelastic region (LVR), were also 

performed. 

Dynamic moduli of glycethosomes A, glycethohyalurosomes A and transfersomes were 

characterized by a higher elastic modulus (G`) than the viscous modulus (G''), especially 

for glycethohyalurosomes A, which indicates a more structured and stronger (weak gel) 

system (data not shown). It is interesting to note that glycethohyalurosomes B showed a 

higher tan δ than glycethosomes B (0.21 and 0.05, respectively, at 1 Hz; Figure 3B), which 

is indicative of a less structured system, in agreement with the viscosity values. The effect 

of sodium hyaluronate in combination with high amounts of glycerol was more evident 
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between glycerohyalurosomes and glycerosomes, which may be due to the 

polyelectrolyte character of sodium hyaluronate in aqueous solution (23). 

Glycerohyalurosomes showed a loss tangent value (tan δ) greater than 1 (1.25 at 1 Hz; 

Figure 3B) and strongly dependent on the frequency, while tan δ was 0.04 (at 1 Hz; Figure 

3B) for glycerosomes. Moreover, the viscous modulus (G”) was greater than the elastic 

modulus (G’), which could indicate macromolecular interactions, but not the formation 

of a three-dimensional network. These results were in accordance with flow curves and 

the viscosity values, confirmed that a strong interaction between sodium hyaluronate and 

the solvents occurred. 

 

Figure 3. Rheological measurements. A) Flow curves fitted to Carreau model for 

glycerohyalurosomes (●), glycethohyalurosomes B (), glycethosomes B (⊿), 

glycerosomes (  ), glycethosomes A (  ), transfersomes (◊), glycethohyalurosomes A 

(). B) Loss tangent versus frequency for glycerohyalurosomes (●), 

glycethohyalurosomes B (  ), glycethosomes B (  ), glycerosomes (▲). 

3.3 In vitro cytocompatibility of vesicular formulations and protective effect against 

oxidative damage in fibroblasts 

The cytocompatibility of mangiferin and naringin co-loaded into vesicles was evaluated in 

fibroblasts (Figure 4A) by means of the MTT assay. The viability of the cells treated with 

transfersomes was the lowest (~ 90%) and concentration-dependent: it decreased as the 

concentration of mangiferi-naringin increased. The cell viability was higher (~ 104%, 
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p>0.05) when the other vesicular formulations were used, irrespective of their 

composition. 

Moreover, to evaluate the efficacy of mangiferin and naringin co-loaded in the vesicles in 

counteracting the damaging effects of oxidative stress in fibroblasts, the cells were 

treated with hydrogen peroxide and simultaneously with the formulations (Figure 4B) 

 

 

 

Figure 4. A) Viability of 3T3 cells incubated for 48 h with different concentrations of 

mangiferin-naringin co-loaded vesicles. B) Protective effect of mangiferin-naringin co-

loaded vesicles against hydrogen peroxide induced oxidative stress in 3T3 cells. Data are 

reported as mean values ± standard deviations (error bars) of cell viability expressed as 

the percentage of control (100% viability). * symbol indicates statistically different values 

(p < 0.05) obtained by comparing compared cells treated with vesicles treated and cells 

treated with hydrogen peroxide. 

 

The treatment with hydrogen peroxide caused a significant decrease in cell viability 

(~60%), while mangiferin and naringin co-loaded in the vesicles were able to counteract 

oxidative stress, as the viability increased (> 80%; p<0.05 vs. positive control). The best 

results were obtained when mangiferin and naringin were co-loaded in glycethosomes 

and glycerosomes, regardless of the presence of sodium hyaluronate, as the viability 

reached ~94% (p>0.05 vs. the other vesicles). These results underlined the ability of the 

vesicles to promote the protective/antioxidant activity of mangiferin-naringin against the 

damages caused by reactive oxygen species.  
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3.4 In vitro transdermal delivery 

To evaluate the ability of the vesicles to promote the accumulation of mangiferin and 

naringin in the skin layers (i.e., stratum corneum, SC; epidermis, EP; dermis, DE) and their 

diffusion into the receptor compartment (RC) mimicking the subcutaneous tissues, in vitro 

studies were carried out by using pig skin and Franz diffusion cells (Figure 5). Due to the 

large size and instability of glycethosomes A and B and glycethohyalurosomes A and their 

statistical non-significance observed in cell cultures, the transdermal studies were not 

performed with these formulations. 

When transfersomes were used, the amounts of mangiferin-naringin accumulated in EP 

and DE were ~1.5 and 2-fold higher than those accumulated after the application of 

mangiferin-naringin in aqueous dispersion. Better results were obtained by using 

glycerosomes, which showed a superior ability, in comparison with transfersomes, to 

promote the deposition of the flavonoids in SC (~5% for both mangiferin and naringin), 

EP (~2 % naringin and ~ 3% mangiferin, p<0.05) and DE (0.7% naringin and 1.2% 

mangiferin, p<0.05). The best results were obtained by using glycethohyalurosomes B and 

glycerohyalurosomes (p<0.05), suggesting the important role of the association of sodium 

hyaluronate, glycerol and ethanol in promoting the deposition of the flavonoids in the 

different skin layers, especially in epidermis and dermis. In the case of 

glycethohyalurosomes B, the accumulated mangiferin was ~5, 9 and 4% in SC, EP and DE, 

respectively; the accumulated naringin was ~9, 7 and 2% in SC, EP and DE, respectively. In 

the case of glycerohyalurosomes, the accumulated mangiferin was ~3, 7 and 2% and 

naringin was ~6, 5 and 1% in SC, EP and DE, respectively. Moreover, only the formulations 

containing sodium hyaluronate allowed the permeation in the receptor fluid of both 

mangiferin and naringin. Especially glycethohyalurosomes B showed a great permeation 

of both flavonoids (1.7 and 4-fold higher than glycerohyalurosomes), highlighting the 

ability of these systems to promote the diffusion through the skin (24,25). 
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Figure 5. Amounts of mangiferin and naringin accumulated in stratum corneum (SC), 

epidermis (EP), dermis (DE) and receptor compartment (RC) after 24 h of treatment with 

dispersion, transfersomes, glycethohyalurosomes B, glycerosomes and 

glycerohyalurosomes. Mean values ± standard deviations are reported (n=6). *p < 0.05: 

values statistically different comparing glycerosomes and transfersomes; #p < 0.05: values 

statistically different comparing glycethohyalurosomes B and glycerohyalurosomes with 

the other formulations. 

 

3.5 In vivo assays  

TPA was topically applied on the shaved dorsal skin of mice aiming at inducing 

inflammation and ulceration. Given the results of the transdermal studies, only 

mangiferin-naringin co-loaded glycethohyalurosomes B and glycerohyalurosomes were 

tested. Mangiferin-naringin in aqueous dispersion or in transfersomes were used as 

controls. Upon visual inspection, the animals treated with TPA only, showed a loss of 

superficial skin layers and the formation of crusts. The treatment with empty vesicles or 

the aqueous dispersion reduced the extent of the damage induced by TPA, but crusts 

were still present. On the other hand, mangiferin-naringin co-loaded vesicles were 

capable of preventing the lesions caused by the daily application of TPA. The superior 

ability of glycethohyalurosomes B and glycerohyalurosomes to promote the healing of 
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the wound was evident (Figure 6A). Histological analysis (Figure 6B) showed that, despite 

the topical application of mangiferin-naringin dispersion, there was a loss of epidermis 

and a moderate accumulation of inflammatory cells in dermis. The application of 

transfersomesreduced the infiltration of the inflammation mediators of at dermal level.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. A) Macroscopic appearance and B) histological examination of skin lesions in 

mice treated with mangiferin-naringin co-loaded glycethohyalurosomes B and 

glycerohyalurosomes in comparison with transfersomes and aqueous dispersion. 

 

As expected, the skin treated with glycethohyalurosomes B and glycerohyalurosomes 

showed a further reduction of the inflammation, and epidermis and dermis were 

especially preserved, confirming their superior ability to promote the healing of the 

wound in comparison with the other formulations. Moreover, two biomarkers involved in 

the inflammation process (oedema and MPO) were quantified to confirm the beneficial 

effect of the mangiferin-naringin co-loaded vesicles. Both glycethohyalurosomes B and 

glycerohyalurosomes induced a great inhibition (>80%, p<0.05 vs. TPA) of the two 

biomarkers MPO and oedema (Figure 7), probably because of the ability of sodium 

hyaluronate to favour the accumulation and permeation of mangiferin and naringin in the 

skin, and the moisturizing properties of glycerol, which together may promote the efficacy 
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of both flavonoids. Transfersomes produced a moderate oedema and MPO inhibition (~49 

and 65%, respectively), suggesting a partial promotion of the therapeutic effect of 

naringin and mangiferin, which is probably due to the limited ability of transfersomes to 

enhance the accumulation of the flavonoids in the deep skin. The effect of the dispersion 

was very similar and significantly lower (p<0.05) than the effect produced by 

glycethohyalurosomes B and glycerohyalurosomes. 

 

 

 

Figure 7. Myeloperoxidase (MPO) inhibition (%) and oedema inhibition (%) values, 

obtained after the application of TPA and the treatment with mangiferin-naringin co-

loaded glycethohyalurosomes B and glycerohyalurosomes in comparison with 

transfersomes and aqueous dispersion. Mean values ± standard deviations are reported. 

**p < 0.01: values statistically different from TPA. #p < 0.05: values statistically different 

comparing glycethohyalurosomes B and glycerohyalurosomes vs dispersion. 

 

4. Conclusions 

This research reveals that the co-loading of mangiferin and naringin into vesicular systems 

can be a promising alternative for the treatment of skin diseases. The composition of the 

dispersing medium used to prepare the vesicles, significantly affected their physico-

chemical features and the ability of mangiferin-naringin to diffuse through the skin, inhibit 

skin oedema and inflammation, and promote wound healing. The vesicles containing 

equal amounts (50:50) of glycerol and sodium hyaluronate solution or glycerol, ethanol 

and sodium hyaluronate (40:20:40) were found to be the most promising formulations. 



 

144 
 

These findings support the use of glycerohyalurosomes and glycethohyalurosomes for the 

treatment of skin diseases associated with inflammatory and oxidative processes. 
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Psoriasis and atopic dermatitis represent nowadays the most common chronic 

inflammatory skin diseases in the world (Schwingen, Kaplan, and Kurschus 2020) . The 

current treatment of these diseases involves the combination of topical, systemic and 

biological therapies that are generally able to counteract the inflammatory and oxidative 

phenomena and the symptoms connected with them. However, most of the drug used to 

control the advancement of both psoriasis and atopic dermatitis are characterized by 

numerous adverse effects, which reduce patient compliance, limit their long-term use, 

and reduce the therapeutic efficacy. In the light of this, there is a great need of innovative, 

effective and safe coadjuvant treatments, especially those based on the use of natural 

substances, which seem to be safer and characterized by reduced secondary effects. 

Among all, phytodrugs represent a valid alternative for the treatment of both diseases. 

However, the most natural bioactives are poorly absorbed especially when topically 

applied because of their low stability under particular conditions (light, pH and heat) and 

their physico-chemical properties (molecular weight, lipophilicity or hydrophilicity). To 

avoid these problems, in the last decades many efforts have been carried out to formulate 

innovative nanocarriers capable of protecting the incorporated bioactives and improving 

their accumulation in the specific site where they are needed. Among the nanocarriers, 

those based on the use of phospholipids or lipids such as liposomes and liposome-like 

vesicles or nanoemulsions have been considered the most promising especially for the 

topical administration of plant-derived bioactives or phytocomplexes. It is well known 

that the composition of both phospholipid vesicles and nanoemulsions may significantly 

influence the release mechanism of phytodrugs, altering the skin barrier properties or 

promoting their solubilities in the stratum corneum. Besides, to achieve an effective 

accumulation or permeation into or through the skin barriers, it is very important to 

consider the physicochemical characteristic of these natural bioactives. This project 

focuses on the use of natural bioactives as adjuvants in the treatment of both psoriasis 

and atopic dermatitis. Naringin and mangiferin were selected as plant-derived bioactives 

due to their pharmacological properties and either individually or/and in combination 

were incorporated in two of the most promising nanocarrier i.e. nanoemulsions and 

specific phospholipid vesicles. Naringin, a flavonone glycoside, was incorporated into 

ultradeformables liposomes. Mangiferin, a xanthone glycoside, was formulated both in 

nanoemulsion containing hyaluronate gels with and without transcutol-P and in ad hoc 
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formulated phospholipids vesicles (glycethosomes, hydrated with a blend of glycerol, 

water and ethanol). Based on the results obtained in the previous works, both bioactives 

have been co-loaded into innovative vesicular formulations. For each formulation tested, 

physico-chemical properties, stability, rheological behavior, transdermal delivery, in vitro 

biocompatibility, antioxidant activity and in vivo anti-inflammatory properties were 

evaluated. 

Naringin ultradeformable liposomes 

Naringin is a natural antioxidant isolated from citrus fruits, with potent pharmacological 

properties such as anti-inflammatory, anti-diabetic, anti-osteoporotic, among others. 

However, its poor aqueous solubility and bioavailability limits its use in clinical 

applications. Considering that the naringin solubility depends on the pH of the medium, 

and that its solubility in presence of polysorbate 80 aqueous medium is ~14 mg/mL, 

transfersomes were formulated by using polysorbate 80 as “edge activator”, which 

modify the bilayer lipids organization and increase vesicles elasticity. The ultradeformable 

liposomes were prepared by sonication technique keeping constant the amount of 

phospholipid and tween 80, while naringin was used at different concentrations: 3, 6 and 

9 mg/mL to obtain liposomes I, liposomes II and liposomes III respectively. The extrusion 

method was selected to optimize both liposomes size and homogeneity of the system. 

Analyses on the morphology of the formulations underlined the formation of uni- and 

oligolamellar, spherical and regularly shaped vesicles. These results agreed with those 

obtained by using dynamic light scattering technique as particle size was ~ 100 nm in all 

ultradeformable liposomes and samples were highly monodisperse (PI<0.30). Further, 

transfersomes showed highly negative zeta potential values (-30 mV) and incorporated 

naringin in high amount (EE~90 %) irrespective of the concentration used. Physico-

chemical properties remained unchanged during storage for 30 days at 4°C, thus 

confirming their good stability and the absence of fusion and aggregation phenomena. 

Indeed, in vitro skin permeation studies underlined the superior ability of all vesicles in 

enhancing the amount of naringin accumulated in epidermis (~10%). The amount of 

naringin accumulated in the skin treated with liposomes I (3 mg/mL) was similar to that 

founded after application of the dispersion (9 mg/mL), pointing that vesicles were more 

effective in improving the amount of the bioactive accumulated in the skin. Any significant 



 

152 
 

permeation of naringin was detected for both dispersion and vesicular systems 

confirming the low distribution of the bioactive at systemic level, mainly due to its high 

molecular weight and crystalline structure. 

In vitro studies have been performed by using fibroblasts (3T3 mouse dermal fibroblasts), 

which have been chosen because of their important role in wound healing, especially in 

the treatment of inflammatory diseases such as psoriasis or atopic dermatitis (Bocheńska 

et al. 2017). The cell viability was ~100% after 24 h of treatment without significant 

differences between the control group and the vesicular formulations, confirming the 

safety of this bioactive (Cao et al. 2015).  

TPA-induced ulceration and inflammation in mice was used as in vivo model to evaluate 

the anti-inflammatory properties of naringin in dispersion or loaded into vesicles. The 

macroscopic observation of the injured skin and the determination of MPO and oedema, 

as the two main biomarkers of inflammation phenomena, confirmed a greater anti-

inflammatory activity of transfersomes in comparison with betamethasone cream and 

naringin dispersion both used as references. Transfersomes, irrespective of the 

concentration of bioactive used, improved the deposition of naringin into the skin lesion, 

and its interaction with cells. Indeed, these ultradeformable liposomes promoted the 

internalization of naringin in epithelial cells, avoiding vascular congestion and oedema 

formation. The histological evaluation of skin treated with TPA and naringin in dispersion 

or loaded into vesicles, or with betamethasone cream confirmed the superior ability of 

vesicles in counteracting the inflammatory disease induced by TPA. Even the treatment 

with betamethasone cream showed severe dermal and subcutaneous alteration with 

many leukocytes infiltrating and vascular congestion at the end of the treatment, 

suggesting an only partial control of the inflammatory response. On the contrary, the 

histological evaluation of TPA-induced lesions treated with naringin transfersomes 

underlined a significant reduction of inflammatory infiltrates (mononuclear cells, 

eosinophils and neutrophils). Thus, naringin loaded ultradeformables liposomes seem to 

be a valid approach for the treatment of skin diseases connected with inflammatory and 

oxidative phenomena as they improve (i) the ability of naringin in counteracting the 

injuries produced by the free radicals in wound; (ii) the migration and proliferation of cells 

(i.e. fibroblasts), and (iii) restore the skin lesion induced by TPA. Previous studies have 

confirmed the beneficial effects in wound healing of naringin ointment formulation 
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(Kandhare et al. 2016) but the potential of naringin transfersomes in attenuating skin 

inflammation process induced by TPA, was presented for the first time in this paper.   

Mangiferin loaded nanoemulsion and mangiferin glycethosomes 

Mangiferin is a natural antioxidant principally isolated from Mangifera indica L., with 

strong anti-inflammatory properties. It is also effective in several autoimmune diseases 

such as rheumatoid arthritis, diabetes, tumorigenesis and others. However, as already 

showed for naringin, its low solubility (0.11mg/mL) and bioavailability (1.71%) (Du et al. 

2018; Gu et al. 2018) significantly reduced its effectiveness, especially when applied in the 

skin. To overcome these restrictions and improve the efficacy of mangiferin after topical 

application, new lipid-based nanocarriers have been formulated: nanoemulsions 

containing hyaluronate gels and liposome-like vesicles so called glycethosomes.   

Nanoemulsion in hyaluronate gel have been chosen as they may represent a good 

alternative for the treatment of both psoriasis and atopic dermatitis. Two different 

nanoemulsions were prepared (NE I, HA with high molecular weight and NE III, HA with 

low molecular weight), in order to evaluate the effect of the molecular weight of 

hyaluronic acid on the physico-chemicals properties and stability of the systems. Besides, 

Transcutol-P was added as well to the nanoemulsions aiming at promoting the 

permeation/retention of mangiferin through/into the skin, (NE II, HA with high molecular 

weight and Transcutol-P and NE IV, HA with low molecular weight and Transcutol-P).  

Physico-chemical features of both mangiferin nanoemulsions containing hyaluronate and 

nanoemulsions without polymer were evaluated. The mean oil droplet size was 

determined by Photon Correlation Spectroscopy studies, which disclosed that any 

significant difference in droplet size was detected for nanoemulsion without polymer and 

nanoemulsions with low molecular weight hyaluronic acid as the mean diameter was 

similar (~320 nm). On the contrary, nanoemulsions combined with high molecular weight 

hyaluronic acid gel were characterized by a significant increase in droplet size, while zeta 

potential became less negative, probably because both size and surface charge of the oil 

core droplets depends on the length of polymer chains. The addition of transcutol-P did 

not affect significantly the properties of nanoemulsions. Stability studies underlined that 

physico-chemical properties (mean diameter, polydispersity index and zeta potential) of 



 

154 
 

nanoemulsions did not undergo significant variations (<10%) on storage (30 day at 4°C) 

confirming the great stability of nanoemulsions. 

FTIR and rheological measurements confirmed the incorporation of mangiferin into 

nanoemulsions along with interactions between the polymer and mangiferin. As 

expected, the molecular weight of hyaluronic acid affected the viscoelastic properties of 

the different systems. Indeed, the use of high molecular weight hyaluronic acid led to an 

increase in viscosity probably due to the interaction between the different components 

that formed an internal structured network (typical weak gel) capable of controlling the 

release of the bioactive incorporated. As a confirmation, nanoemulsions showed a zero-

order release kinetics, mainly connected with the ability of the polymer to retained water 

(obstructive mechanism) and control the release of the bioactive as a function of its 

molecular weight. 

Moreover, mangiferin was incorporated into phospholipids vesicles as an attractive 

alternative to nanoemulsions. A pre-formulation study, performed to evaluate the best 

vesicular formulation in terms of physico-chemical properties and stability, underlined 

that among the different vesicular formulations tested, glycethosomes (glycerol-ethanol 

phospholipids vesicles) were the smallest and homogeneously dispersed. In the light of 

this, different glycethosomes formulations were prepared by increasing the amount of 

mangiferin incorporated: 2-glycethosomes (2mg/mL), 4-glycethosomes (4 mg/mL), 6-

glycethosomes (6 mg/mL) and 8-glycethosomes (8 mg/mL). As the amount of mangiferin 

increased the mean diameter also increased becoming 2-fold bigger for 8-glycethosomes 

in comparison with the others (~288 nm for 8-glycethosomes and ~140 nm for 2-,4- and 

6- glycethosomes, respectively). The same trend was detected also analyzing the viscosity 

of the samples, as it increased as the concentration of mangiferin also increased. This 

rheological behavior was clearly dependent to the increased mean diameter of 8-

glycethosomes which can encapsulate a larger amount of aqueous medium reducing it in 

the intervesicle spaces, thus improving the viscosity of the system. Besides, using the 

higher concentration (8 mg/mL), mangiferin is mainly located in the bilayer thus 

modifying the assembling and reducing the curvature radius of the vesicle that became 

bigger. Vesicles were uni- and oligo-lamellar, spherical and regularly shaped and stable 

on storage. Their ability to incorporate mangiferin decreased as mangiferin amount 

increased.  
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To determine the ability of both nanoemulsions and glycethosomes to promote the 

delivery of mangiferin into and through the skin, in vitro skin penetration and permeation 

studies were carried out. Overall results underlined the ability of nanoemulsions with low 

molecular weight hyaluronic acid, to promote the permeation of mangiferin through the 

skin, which can be mainly connected to synergic effect of hyaluronic acid and Transcutol-

P. Indeed, the best percutaneous absorption was obtained by using nanoemulsion 

containing HA low molecular weight, as it was 2.5 - 5 times higher in comparison with the 

permeation obtained by using nanoemulsions with high molecular weight hyaluronic acid. 

This is in agreement with Farwick et al. (2011), which demonstrated the molecular weight-

depending ability of hyaluronic acid to promote mangiferin permeation.  

Differently, glycethosomes promoted the accumulation of mangiferin in epidermis, being 

a local system capable of delivering the bioactive in the target site avoiding systemic 

distribution. The accumulation of mangiferin in the epidermis provided by the 

nanoemulsion containing 10 mg/mL of mangiferin and both transcutol-P and hyaluronic 

acid (~29 μg) was similar to that obtained by using mangiferin 4-glycethosomes (~26 μg), 

which contained a lower amount of mangiferin (4 mg/mL). The amount of mangiferin 

deposited in the epidermis by using 8-glycethosomes was ~ 91 μg while the maximum 

amount of mangiferin retained in the epidermis after treatment with the nanoemulsions 

was ~ 29 μg, even if the dose of mangiferin contained in 500 mg of nanoemulsion and 

applied on the skin (5 mg) was around 3 times higher than that applied with 8-

glycethosomes (1.6 mg of mangiferin contained in 200 l of vesicular dispersion). These 

findings demonstrated that phospholipids vesicles were more effective in improving the 

retention of the bioactive into the epidermis providing a depot, from which mangiferin 

was slowly released. 

The ability of both nanoemulsions and glycethosomes to potentiate the wound healing 

ability of mangiferin was confirmed in vivo by means of TPA-induced wound in a mouse 

model.  As the amount of mangiferin increased in glycethosomes, the reestablishment of 

physiological conditions on skin wound also increased. Mangiferin containing 

nanoemulsions were able to promote the wound healing as well, regardless of their 

composition. The measurement of the biomarkers of inflammation, such as oedema and 

MPO, underlined that using both nanocarriers the efficacy of mangiferin against skin 
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inflammation was improved and it was significantly higher in comparison with that 

provided by empty formulations and mangiferin dispersion (p<0.05). It must be 

underlined that nanoemulsions (containing 10 mg/mL of mangiferin) did not provided a 

significant different inhibition of MPO and oedema in comparison with 8-glycethosomes 

(containing 8 mg/mL of mangiferin), suggesting that the composition of vehicle as well as 

the type of nanocarriers chosen have a key role in the achievement of the desired effect. 

The best performances obtained by using 8-glycethosomes could be attributed to the 

superior ability of the phospholipid vesicles and the appropriate blend of glycerol and 

ethanol, in improving the therapeutic effect of mangiferin in skin diseases connected with 

inflammation and oxidative stress such as psoriasis or atopic dermatitis. 

Glycethosomes showed a high biocompatibility and antioxidant activity in vitro by using 

the most representative cells of the skin, fibroblast.  Indeed, the viability of cells treated 

with all vesicular formulations was 100% irrespective of the concentration used. Further, 

glycethosomes were also able to counteract the damages induced in fibroblast by using 

hydrogen peroxide, as after treatment with vesicles the viability was ~100% probably 

thanks to the ability of vesicle to interact with cells favouring the release of the bioactive 

inside them, improving its efficacy against the reactive species, which are involved as well 

in the skin diseases caused by inflammatory phenomena.  

Mangiferin-naringin vesicles 

Considering the previous results, which underlined that mangiferin glycethosomes (8 

mg/mL) were as effective as mangiferin nanoemulsion (10 mg/mL) and the potential of 

naringin loaded transfersomes in the treatment of skin diseases connected with 

inflammation and oxidative stress, the next step of this project was focused on the 

development of new kinds of phospholipids vesicles in which mangiferin and naringin 

were co-loaded aiming at evaluating their possible synergistic effect against skin diseases. 

Besides, these vesicular systems were modified using biocompatible materials as sodium 

hyaluronate for a better stabilization of the vesicles and the promotion of the 

performance of the delivery system. Mangiferin and naringin were co-loaded into 

different types of vesicles: transfersomes, glycethosomes (in which different proportions 

of water, ethanol and glycerol were tested, 33:33:33, A or 40:20:40, B) and glycerosomes 

(water and glycerol, 50:50). Besides, based on previous studies that hypothesized a 
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positive effect of sodium hyaluronate on the stability of vesicles (Han et al. 2016; Maria 

Letizia Manca et al. 2019), glycethosomes and glycerosomes were modified by adding 

sodium hyaluronate. As expected, glycethohyalurosomes (composed of a blend of 40% 

glycerol, 20% ethanol and 40% solution sodium hyaluronate 0.1% w/v) and 

glycerohyalurosomes (with a slightly higher amount of sodium hyaluronate, 50% solution 

sodium hyaluronate 0.1% w/v) were the smallest (~100 nm), homogeneous vesicles 

(PDI~0.18) and they were highly stables on storage. Probably, the combination of high 

amounts of glycerol and sodium hyaluronate promoted the stabilization of the 

formulations. The behavior of empty vesicles was similar to that of mangiferin-naringin 

co-loaded vesicles, even though the stability on storage of empty glycethohyalurosomes 

B and empty glycerohyalurosomes was slightly reduced, pointing to a stabilizing effect of 

the two loaded flavonoids. It is important to highlight that all the vesicles were able to 

incorporate the flavonoids in good yields (EE ≥ 85%). FTIR and rheological analysis were 

performed to better understand the interactions of the vesicles’ components and the 

contribution of sodium hyaluronate to vesicle assembly. Sodium hyaluronate lead to an 

increase in viscosity which was not as a function of the amount added in the vesicles.  

Indeed, the higher viscosity was detected for glycethohyalurosomes (33.33:33.33:33.33) 

containing the smaller amount of sodium hyaluronate. A further improvement of the 

viscosity could not be detected when the amount of sodium hyaluronate was increased 

(i.e. glycethohyalurosomes 40:20:40 and glycerohyalurosomes) as oscillatory 

measurements showed a less structured system (G´´>G´), that confirmed the presence of 

macromolecular interactions but not the formation of a three-dimensional network.  

An increase in the amount of sodium hyaluronate aqueous solution can produce a 

conformational change in the chains of the polymer influenced by the ionic strength, so 

that the viscosity is significantly reduced. Besides, increasing the shear rates, the polymer 

chains deformed and aligned along the streamlines of flow, which resulted in a reduction 

of the viscosity (Krause, Bellomo, and Colby 2001; Fallacara et al. 2018b). It is noteworthily 

that in FTIR spectrum the characteristic peak of glycerol was shifted to ~1061 cm-1 and 

the hydroxyl vibration region was also shifted to higher frequencies when sodium 

hyaluronate was added in high amount (i.e. glycethohyalurosomes 40:20:40 and 

glycerohyalurosomes) suggesting an interaction between primary alcohol of glycerol and 

sodium hyaluronate, which drastically modified the assembling of the vesicles giving more 
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fluid and stable system according with rheological measurements.  The amount of both 

mangiferin and naringin retained/accumulated in the different skin layers was affected by 

the dispersion medium used to prepare the vesicles. Glycethohyalurosomes 40:20:40 and 

glycerohyalurosomes seemed to be the most promising vesicles as both bioactives were 

mainly accumulated in the deeper skin layers, probably thanks to the moisturizing 

properties of glycerol, the penetration enhancer ability of ethanol and the improved 

stability given by sodium hyaluronate. Indeed, the combination of glycerol, ethanol and 

sodium hyaluronate may favour the skin hydration along with the modification of the 

ordered structure of the stratum corneum, which became more permeable (Witting et al. 

2015).  

Mangiferin-naringin co-loaded into vesicles were highly biocompatible and able to 

effectively protect fibroblast against oxidative injures induced by using hydrogen 

peroxide. The best results were obtained in both cases by using glycethosomes and 

glycerosomes, regardless of the presence of sodium hyaluronate, probably because these 

systems were able to interact with cells favouring the uptake of both bioactives that could 

exert their scavenging activity in the intracellular environmental avoiding cell damages 

and subsequent death.  

The anti-inflammatory effect of mangiferin-naringin co-loaded vesicles was also 

evaluated in vivo by means of TPA-mouse model. The treatment with transfersomes 

produced a moderate oedema and MPO inhibition, suggesting an only partial promotion 

of the therapeutic effect of both mangiferin and naringin, which may be due to the limited 

ability of conventional transfersomes to reach the deeper skin strata. The macroscopic 

evaluation of the injured skin, the biomarkers measurement and the histological 

evaluation underlined a superior ability of both glycethohyalurosomes 40:20:40 and 

glycerohyalurosomes to counteract the damages induced by TPA as the skin was almost 

completely restored, the inhibition of MPO was the highest in comparison with all the 

other samples, and a significant reduction of inflammatory infiltrates (mononuclear cells, 

eosinophils and neutrophils) was underlined after histological observation/studies. 

Overall results confirmed that the promotion of the therapeutic activity of bioactives can 

be affected by the composition of vesicle, which can be considered a key factor for the 

success of a specific treatment. Indeed, the best performances obtained by using 

glycethohyalurosomes 40:20:40 and glycerohyalurosomes can be mainly due to the 
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combination of anti-inflammatory/antioxidant activity of both natural compounds, the 

moisturing properties of glycerol, the penetration enhancer capacity of ethanol and the 

tissue remodeling properties of the polymer, which synergically promote the 

accumulation of both bioactives in the deeper skin strata and stimulate the proliferation 

and migration of skin cells thus accelerating the wound healing process. 
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The work provides important advances in the use of plant-derived antioxidant bioactives 

(naringin and mangiferin) and their incorporation into lipidic nanocarriers (i.e. 

nanoemulsions and phospholipid vesicles). 

The following conclusions can be drawn from the results obtained: 

- The loading of naringin into ultradeformable liposomes represents an innovative 

approach to prevent and treat skin lesion and restore skin integrity. Results 

demonstrated that naringin liposomes were highly biocompatible and more effective 

than betamethasone cream and naringin dispersion in promoting the healing of 

induced wound, as demonstrate in in vivo model (TPA test).  

- Administration of mangiferin nanoemulsions on TPA-inflamed skin mice model 

provided an attenuation of oedema and leucocyte infiltration. Macroscopic 

appearance of mice skin lesions has a good correlation with the histological study. The 

topical application of these formulations shows an appropriate anti-inflammatory 

effect.  

- Mangiferin glycethosomes were highly biocompatible and showed a strong ability to 

protect in vitro fibroblasts against damages induced by hydrogen peroxide. In vivo 

results underlined the superior ability of mangiferin loaded glycethosomes respect to 

the mangiferin dispersion to promote the healing of the wound induced by TPA, 

confirming their potential application for the treatment of psoriasis or other skin 

disorders.  

- Glycethohyalurosomes 40:20:40 (glycerol: ethanol: sodium hyaluronate solution) and 

glycerohyalurosomes 50:50 (glycerol: sodium hyaluronate solution), in which 

mangiferin and naringin were co-loaded, were the most promising vesicles capable of 

restoring the wound and inhibiting the oedema induced by TPA. 

- The use of these specific nanocarriers for the treatment of psoriasis and atopic 

dermatitis may reduce the problems associated with these diseases (pain, local heat 

and skin redness), thus improving the compliance of the patients. 

- Further studies will be necessary to support these results by means of 

immunohistochemical analysis or proteins expression to elucidate the main 

mechanism involved in the anti-inflammatory effect of mangiferin and naringin.
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a  b  s  t  r  a  c  t

Ultradeformable  liposomes  were  formulated  using naringin  (NA),  a  flavanone  glycoside,  at  different
concentrations  (3, 6 and 9  mg/mL).  Nanovesicles  were  small  size  (∼100  nm),  regardless  of  the  NA  concen-
tration used,  and  monodisperse  (PI  <  0.30).  All  formulations  showed  a high  entrapment  efficiency  (∼88%)
and a highly  negative  zeta  potential  (around  −30 mV).  The  selected  formulations  were  highly  biocompat-
ible  as  confirmed  by in  vitro  studies  using  3T3  fibroblasts.  In vitro  assay  showed  that  the  amounts  (%)  of NA
accumulated  in  the  epidermis  (∼10%)  could  explain  the anti-inflammatory  properties  of  ultradeformable
eywords:
aringin
ltradeformable liposomes
nti-inflammatory
ransdermal penetration
ibroblasts

liposomes.  In vivo  studies  confirmed  the  higher  effectiveness  of ultradeformable  liposomes  respect  to
betamethasone  cream  and  NA  dispersion  in reducing  skin  inflammation  in mice.  Overall,  it  can  conclude
that  NA  ultradeformable  liposomes  can be considered  as a promising  formulation  for  the  treatment  of
skin  inflammatory  diseases.

©  2017  Elsevier  B.V.  All  rights  reserved.
n vivo studies

. Introduction

The incidence of skin inflammatory diseases (dermatitis, pso-
iasis, rash) has increased significantly in the last decades and
ioflavonoids such as quercetin, curcumin and baicalin have been
idely used for treatment of this injures [1–4]. Citrus fruits peels

epresent an important source of phenolic acids and flavonoids,
ainly polymethoxyflavones (PMFs), flavanones and glycosylated

avanones [5,6]. Naringin (NA), a bioactive component of cit-
us species, is a glycosylated flavanone formed by naringenin
flavanone) and the disaccharide neohesperidose (Fig. 1). This com-
ound shows a wide variety of pharmacological effects such as
ntioxidant, blood lipid–lowering and anticarcinogenic activity.
oreover, several studies have highlighted its potential to suppress
he production of proinflammatory cytokines and attenuate the
nflammatory response [7–12] and it has been proposed in com-

∗ Corresponding author.
E-mail address: maplevi@alumni.uv.es (M. Pleguezuelos-Villa).

ttps://doi.org/10.1016/j.colsurfb.2017.11.068
927-7765/© 2017 Elsevier B.V. All rights reserved.
bination with corticoids to treat skin diseases such as dermatitis
[13].

On the other hand, most of conventional therapies failed
because of their low capacity to deliver therapeutic drug concentra-
tions to the target tissue. Different approaches have been attempted
to overcome this problem by providing “selective” delivery of drugs
to the affected area, using various pharmaceutical carriers. In the
last years, among the different types of particulate carriers, lipo-
somes have received a great attention [14] and have been used
as delivery systems of different bioactive agents. The list of actives
incorporated in nanoliposomes is huge, ranging from pharmaceuti-
cal to cosmetics and nutraceuticals substances (opiods, curcumin,
resveratrol, quercetin, silibinin, glycyrrhizic acid, vitamin C, and
others) [15–21]. In general, these systems are able to enhance the
performance of the incorporated bioactive agents by improving
their solubility and bioavailability, their in vitro and in vivo stabil-
ity, as well as preventing their unwanted interactions with other

molecules [22,23]. Another advantage of nanoliposomes is cell-
specific targeting, which is a prerequisite to ensure the adequate
drug concentrations required for optimum therapeutic effects in
the target site while minimizing adverse effects on healthy cells

https://doi.org/10.1016/j.colsurfb.2017.11.068
http://www.sciencedirect.com/science/journal/09277765
http://www.elsevier.com/locate/colsurfb
http://crossmark.crossref.org/dialog/?doi=10.1016/j.colsurfb.2017.11.068&domain=pdf
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Fig. 1. Chemical structure of Naringin (NA).

nd tissues. Among them, ultradeformable liposomes have been
ound to be promising for herbal extracts delivery [6,24]. Since,
his type of phospholipid vehicles increases the accumulation on
he skin as well as reduces adverse effects. Recent reports showed
hat ultradeformable nanosized liposomes may  be postulated as a
ovel dermal delivery carrier due to their biocompatibility and high
lasticity [25,26], which is attributed to of the combination of phos-
holipids and surfactant (such as sodium cholate, deoxycholate,
pan, Tween and dipotasium glycyrrhizinate). The surfactant acts
s an ı́edge activatorı́ that modify the organization of the lipid bilay-
rs increasing its deformability [27].

The purpose of this study is to develop ultradeformable lipo-
omes. To do this, the vesicles were formulated using different
oncentrations of naringin (NA) and characterized in terms of zeta
otential, mean size, size distribution and vesicles encapsulation
fficiency. In vitro transdermal penetration was also quantified.
ytotoxicity test was carried out as well to evaluate the biocom-
atibility of the formulations on 3T3 mouse dermal fibroblast cells.

n addition, NA ultradeformable liposomes ability to attenuate skin
nflammation induced by phorbol 1, 2-myristate 1, 3-acetate (TPA)
n mice was studied.

. Materials and methods

.1. Materials

Monosodium phosphate was purchased from Panreac quimica
.A. (Barcelona, Spain). Lipoid

®
S75, a mixture of soybean lecithin

ontaining lysophosphatidylcholine (3% maximum), phosphatidyl-
holine (70%), phosphatidylethanolamine (10%), fatty acids (0.5%
aximum), triglycerides (3% maximum), and tocopherol (0.1–0.2%)
ere a gift from Lipoid GmbH (Ludwigshafen, Germany). Polysor-

ate 80 was purchased from Scharlab S.L. (Barcelona, Spain).
lycerin and ethanol were purchased from Guinama S.L.U. (Valen-
ia, Spain), N-octanol (special grade for measurement of partition
oefficients) was purchased from VWR  chemicals S.A. S (France),
isodium phosphate were purchased from Scharlab S.L. (Barcelona,
pain). Betamethasone was from IFC Acofarma S.A. (Santander,
pain). Phorbol 1,2-myristate 1,3-acetate and naringin with a
olecular formula (C27H32O14) and weight (580.54 g/mol) were

urchased from Sigma-Aldrich.

.2. Analytical method

A high-performance liquid chromatograph (HPLC)
erkinElmer

®
Series 200 equipped with an auto-injector and
 photodiode array UV detector was used for NA quantification in
xperimental samples [28]. The column used was a Teknokroma

®

risa “LC2” C18, 5.0 �m (150 cm × 4.6 mm).  The mobile phase
onsisted of a mixture 50:50 (V/V) of methanol and ultrapure
ces B: Biointerfaces 162 (2018) 265–270

water adjusted at pH 4. The detection wavelength was 280 nm,
the injection volume was 20 �L and the flow rate was 1.0 mL/min.
Linearity, limit of quantification (LOQ), detection (LOD), precision
and accuracy of the analytic method were carried out.

2.3. Physicochemical properties

2.3.1. Crystalline structure
NA structure was  analyzed with the X-ray diffractometer KAPPA

CCD. The system has a goniometer of four circles and a two-
dimensional KAPPA CCD detector with beryllium window of 90 mm
diameter maintained at −60 ◦C.

2.3.2. Solubility
The solubility of the flavonoid at 25 ◦C was  determined in dif-

ferent vehicles: water, pH 7.4 buffered solution and polysorbate
80 (1%, w/w) in aqueous medium. Flavonoid was added to satura-
tion in each system during 24 h under constant agitation (500 rpm).
Finally, an aliquot of each sample was filtered (0.22 �m)  and quan-
tified.

2.3.3. Partition coefficient determination
Octanol-water partition coefficient (Poct) value was  obtained

by equilibrating the NA aqueous solution with 1-octanol in a
shaker bath at 25 ◦C overnight [29]. Distribution of NA between
the aqueous and the organic phase was estimated by the differ-
ences between the NA concentration at the beginning and at the
equilibrium step, according to the following equation (Eq. (1)):

Poct= (Co−Ce)/Vo
Co/Va

(1)

where Co, is the initial NA aqueous solution concentration, Ce, the
solution concentration at equilibrium, Vo, volume of the organic
phase (50 mL)  and Va, the volume of aqueous solution (50 mL).

2.4. Ultradeformable liposomes

A preformulation studies was  carried out in order to select
the best formulations able to load increasing amount of NA (from
1 to 24 mg/mL). According to stability data (average particle
size <150 nm, polydispersity values <0.5 and zeta potential value
<−25 mV), one formulation was  selected with different amount of
NA: liposomes I (3 mg/mL), liposomes II (6 mg/mL) and liposomes
III (9 mg/mL). NA (3 or 6 or 9 mg/mL), polysorbate 80 (2.5 mg/mL)
and Lipoid

®
S75 (120 mg/mL) were added in a glass vial. These

mixtures were hydrated overnight at room temperature (25 ◦C)
with a buffer phosphate solution (pH 7.4). The obtained disper-
sions were sonicated for 4 min  using an ultrasonic disintegrator
(CY-500, Optic Ivymen system, Barcelona, Spain). Then liposome
suspensions were extruded through a 0.20 �m membrane with an
Avanti

®
Mini-Extruder (Avanti Polar Lipids, Alabaster, Alabama)

to obtain homogeneous dispersions. NA dispersion (9 mg/mL) in
phosphate buffer solution containing polysorbate 80 (1%, w/w) and
empty liposomes (without NA) were prepared as control.

2.5. Characterization of liposomes

2.5.1. Transmission electron microscopy
Ultradeformable liposomes morphology was examined through

a negative staining technique using a JEM-1010 microscope (Jeol
Europe, Croissy-sur-Seine, France), equipped with a digital camera
MegaView III at an accelerating voltage of 80 Kv.
2.5.2. Determination of entrapment efficiency (EE%)
1 mL  of each sample and dialyzed against buffer (100 mL)

for 24 h, at room temperature using a membrane Spectra/Por,
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Fig. 2. TEM (Transmission electron microscopy) images of ultr

12–14 kDa MW cut-off; Spectrum Laboratories Inc., DG Breda,
he Netherlands). Dialyzed and non-dialyzed ultradeformable lipo-
omes were disrupted with methanol (1:100). The samples were
ssayed by HPLC as described in Section 2.2.

EE (%) of liposomes I, II and III was calculated as follows (Eq. (2)):

E% =
(

actual NA
initial NA

)
× 100 (2)

here actual NA is the amount of the active in ultradeformable
iposomes after dialysis, and initial NA is the amount before dialysis.

.5.3. Determination of vesicle size, zeta potential and
olydispersity index

Average diameter and polydispersity index (PI) of the sam-
les were performed in triplicate by means of Photon Correlation
pectroscopy using a Zetasizer Nano-S

®
(Malvern Instruments,

orcester-shire, United Kingdom) at 25 ◦C. Moreover, zeta poten-
ial was estimated by electrophoretic light scattering in a

hermostated cell in a Zetasizer Nano-S
®

. The ultradeformable lipo-
omes stability was evaluated over 30 days at ∼4 ◦C.

.6. Cell viability studies

3T3 mouse fibroblasts (ATCC, Manassas, VA, USA) were cultured
n Dulbecco’s modified Eagle’s medium (DMEM, Sigma Aldrich,
pain), supplemented with penicillin (100 U/mL), 10% (V/V) fetal
ovine serum, and streptomycin (100 mg/mL) (Sigma Aldrich,
pain) in 5% CO2 incubator at 37 ◦C to maintain cell growth.

3T3 cells (2 × 105 cells/well) were seeded in 96-well plates at
assage 14–15. After one day of incubation, 3T3 cells were treated
ith NA dispersion (9 mg/mL) or empty or NA loaded liposomes I,

I and III for 24 h. In each well 25 �L of formulation were added and
lled with 225 �L of cultured medium.

Cell viability was evaluated by MTT  [3 (4,5-dimethylthiazolyl-
)-2,5-diphenyltetrazolium bromide] colorimetric assay [30]. After
4 h experiment, 100 �L of MTT  was added to each well, and then,
fter 3 h the formazan crystals formed were dissolved in DMSO
50 �L). The reaction was measured at 570 nm with a spectropho-
ometer. All experiments were repeated three-fold (n = 3).

.7. In vitro diffusion
A diffusion study was performed using Franz diffusion cells
with an effective diffusion area of 0.784 cm2) and new born pig skin
rom a local slaughterhouse. The receptor compartment (CR) was
mable liposomes. The arrows indicate the lamellae of vesicles.

filled with buffer phosphate solution (pH 7.4), continuously stirred
and thermostated at 32 ◦C. Epidermal membranes were obtained
from heat separation through immersing in water (at 60 ◦C) for
75 s [31]. On the epidermis surface 800 �L of different formula-
tions assayed were applied. At different time intervals up to 24 h,
receptor solutions were withdrawn and assayed for drug content
by HPLC, (Section 2.2). At the end of the experiment, 1 mL of phenol
red solution (0.05%, w/w)  was  applied in the donor compartment
for checking the integrity of the epidermis [32].

2.8. In vivo assay

Female CD-1 mice (5–6 weeks old, 25–35 g) were obtained from
Harlan laboratories (Barcelona, Spain) and acclimatized for one
week before use. All studies were performed in accordance with
European Union regulations for the handling and use of laboratory
animals and the protocols were approved by the Institutional Ani-
mal  Care and Use Committee of the University of Valencia (code
2016/VSC/PEA/00112 type 2).

One day before the experiment the back skin of mice (n = 4
per group) was shaved. The first day, TPA dissolved in acetone
(3 �g/20 �L) was applied to the shaved dorsal area to induce
cutaneous inflammation and ulceration. Negative control mice
only received acetone (20 �L). After 3 h, 200 �L of empty or NA
loaded ultradeformable liposomes (I, II and III), NA dispersion or
betamethasone cream (20 mg)  were topically applied in the dorsal
area. The procedure was repeated on the second and third day. The
fourth day, mice were sacrificed by cervical dislocation.

Two  biomarkers: oedema formation and myeloperoxidase
(MPO) activity were used to evaluate the effect of the formula-
tions [33]. First, dorsal skin area was excised, weighed to assess
oedema formation and stored at −80 ◦C. Second, biopsies were
dispersed in 750 �L of phosphate buffer (pH 5.4) and, with an Ultra-
Turrax T25 homogenizer (IKA1 Werke GmbH & Co. KG, Staufen,
Germany), were homogenized in an ice bath. The supernatant
obtained after centrifugation was diluted with PBS 5.4 (1:10) in
order to assay MPO  activity. Briefly, in a 96-well plate, 10 �L of
diluted sample, 20 �L of sodium phosphate buffer (pH 5.4), 200 �L
of phosphate buffer (pH 7.4), 40 �L of 0.052% hydrogen peroxide
and 20 �L of 18 mM 3,30,5,50-tetramethylbenzidine dihydrochlo-

ride were added to each well. At the end of experiment, 50 �L of
SO4H2 2N was  added to stop the reaction. The absorbance was  mea-
sured at 450 nm.  The MPO  activity was  calculated from the linear
portion of a standard curve.
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Table 1
Average size, polydispersity index (PI), zeta potential and NA (naringin) entrapment efficiency of liposome I (3 mg/mL), liposome II (6 mg/mL) and liposome III (9 mg/mL). All
values  are mean ± standard deviations (n = 3).

Formulations Size (nm) PI Potential Z (mV) EE (%)

0 days 30 days 0 days 30 days 0 days 30 days
Empty liposome 88.3 ± 1.7 100.1 ± 0.8 0.25 0.16 −32.5 ± 0.4 −31.9 ± 1.7 –

0.22 −33.9 ± 1.4 −30.1 ± 1.1 91.03 ± 0.04
0.20 −32.6 ± 1.1 −26.9 ± 0.8 88.70 ± 0.25
0.22 −27.7 ± 1.1 −28.0 ± 1.5 92.72 ± 0.10
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Fig. 3. Transdermal permeation of NA (naringin) dispersion and loading liposomes
I  (3 mg/mL), II (6 mg/mL), III (9 mg/mL). Amount accumulated in CR (receptor com-
Liposome I 90.2 ± 1.6 90.9 ± 2.3 0.23 

Liposome II 86 ± 1.0 84.1 ± 2.5 0.25 

Liposome III 86.3 ± 1.1 84.6 ±0.9 0.22 

.9. Histological examination

Mice skin was  excised, fixed and stored in formaldehyde (0.4%,
/V). Longitudinal sections (5 mm)  were marked with hematoxylin
nd eosin and observed using a light microscope (DMD 108 Digital
icro-Imaging Device, Leica, Wetzlar, Germany).

.10. Statistical analysis of data

Statistical differences were determined by one-way ANOVA test
nd Tukey’s test for multiple comparisons with a significance level
f p < 0.05. All statistical analyses were performed using IBM SPSS
tatistics 22 for Windows (Valencia, Spain). Data are shown as
ean ± standard deviation.

. Results and discussions

.1. Analytical method

The analytical method (HPLC) for NA quantification was firstly
alidated. Calibration curves covering the whole range of NA con-
entrations were prepared. Excellent plots correlating the peak
reas and NA concentrations were obtained (r > 0.999), demon-
trating good linearity. Precision was evaluated by calculating the
elative error (RE, %) and accuracy by coefficient of variation (CV,
); both values were less than 9%. The limits of detection (LOD)
nd quantification (LOQ) were 0.11 �g/mL and 0.34 �g/mL, respec-
ively. These data satisfy the standard validation.

.2. Physicochemical properties

The flavanone glycoside (NA) was characterized with the RX
echnique. The spectrum shows that it is a flavonoid with crys-
alline structure. Molecules are spatially distributed in a regular
nd symmetrical form, so they require more energy for their
eparation. All this property may  be responsible of their low
olubility and bioavailability. Indeed, the solubility of NA in
ater and phosphate buffer at pH 7.4 is 2.69 ± 0.01 mg/mL  and

.94 ± 0.01 mg/mL, respectively. As it was expected, NA is more sol-
ble (14.4 ± 0.4 mg/mL) in presence of polysorbate 80 (1%, w/w),
robably because of the formation of micelles, which allows the
olubilization of a greater amount of flavonoid. In addition, NA is

 hydrophilic compound (log Poct = –0.66 ± 0.03) with a molecular
eight superior to 580 g/mol, which could lead to a low percuta-

eous absorption.

.3. Characterization of ultradeformable liposomes

In Fig. 2 the formation of spherical nanometric vesicles can
e observed. All ultradeformable liposomes (I, II and III) showed

 monodisperse distribution (PI < 0.30) (Table 1). In all cases, the

ean size was very similar (approximately 100 nm), and no sta-

istical differences were observed from batch to batch. The zeta
otential was highly negative (–30 mV), for the different NA con-
entrations. Liposomes were able to incorporate NA in high amount
partment), CD (donor compartment) and EP (epidermis) after 24 h at 32 ◦C. The
results were expressed as the mean and standard deviation (error bars). No sig-
nificate differences have been found among the groups (p > 0.05).

(entrapment efficiency approximately 90%), no significant differ-
ences were detected among the groups (p > 0.05), confirming that
the flavonoid was  effectively/efficiently incorporated into vesicle.
Ultradeformable liposomes were stable during 30 days of storage,
according to zeta potential and mean size values (Table 1). Such
data ensure good stability of ultradeformable liposomes, due to the
great electrostatic repulsion between the vesicles.

3.4. Cell viability studies

The biocompatibility of each formulation was  evaluated in vitro
on cells, which represents a good and reliable method to select for-
mulations that will be used for further in vivo studies. 3T3 mouse
dermal fibroblasts were incubated with different formulations:
empty or NA ultradeformable liposomes (I, II and III). Cells viability
after 24 h of incubation with the formulation is approximately 100%
and similar to that of the control group (p > 0.05). These results are
in accordance with Cao et al. [34], confirming the low toxicity of
flavonoid and liposomes.

3.5. In vitro diffusion

Permeation study was performed for 24 h using ultradeformable
liposomes (I, II and III). Fig. 3 shows the cumulative amounts (Q, %)
of NA in the donor compartment (CD), epidermis (EP) and receptor
compartment (CR) for all formulations tested at 24 h. The cumu-
lative amount of NA (%) in the CR was negligible (less than 0.5%)
regardless the formulation tested. The amounts (%) of NA accu-

mulated in the EP (∼10%) could explain the anti-inflammatory
properties of ultradeformable liposomes detected during the in vivo
assay. Finally, the amount of NA present in the CD (>90%), con-
firmed the low flavonoid bioavailability. The NA low permeability
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Fig. 4. Macroscopic appearance of mice skin lesions inducted with TPA (A) and treated with liposome III: 9 mg/mL (B).

Fig. 5. Representative histological sections of mouse skin: treated with 

Table 2
Oedema inhibition and MPO  (myeloperoxidase test) activity in skin mice inflamed
with  TPA (control +). Skin mice inflamed were treated to 200 �L of NA dispersion,
empty liposomes or loading liposomes I (3 mg/mL), II (6 mg/mL), III (9 mg/mL) and
betamethasone cream (20 mg). The results were expressed as the mean and standard
deviation (error bars). * p < 0.01 liposomes (I, II and III) vs betamethasone cream
and  NA dispersion. ANOVA-Tukey. # p < 0.01 liposome III vs NA dispersion. ANOVA-
Tukey.

Formulations % Oedema inhibition % MPO  inhibition

Control + 0.5 ± 1.15 0.5 ± 1.01
Cream 13.06 ± 2.81 12.70 ± 1.81
NA  dispersion 27.48 ± 3.37 65.82 ± 2.94
Empty liposome 23.67 ± 2.29 60.25 ± 3.05
Liposome I 36.01* ± 3.03 74.61 ± 4.03
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and normal appearance of both epidermis and dermis, as well as
Liposome II 37.29* ± 3.19 78.72 ± 4.59
Liposome III 43.18* ± 3.36 86.75# ± 4.93

ould be mainly attributed to its difficulty to permeate through the
tratum corneum, which serves as a lipophilic barrier against the
enetration of hydrophilic molecules (NA has log P oct = −0.66).

n addition, the high molecular weight (∼580 g/mol) of NA could
ave limited its transdermal delivery by the high resistance of skin
owards diffusion [35,36].

.6. In vivo assay

TPA application in mice has been used for the evaluation of
nti-inflammatory activity of drugs. This compound induces a vari-
ty of histological and biochemical changes in the skin [37]. In
his work, TPA was daily applied on mice dorsal skin for 3 days,

nducing skin ulceration, loss of epidermis integrity with scale and
rust formation. Besides, it stimulates the oedema formation, due
o an increase in vascular permeability. Table 2 summarizes the
esults obtained. The phorbol ester (TPA) caused a 3-fold increase
TPA-inflamed skin (A) and treated with liposome III: 9 mg/mL (B).

in skin weight, compared to healthy mice. The administration of
liposomes I, II and III was  more active than NA dispersion and
betamethasone cream in reducing skin oedema (∼20%). Statisti-
cal differences were observed between samples (p < 0.01), probably
because the ultradeformable liposomes promoted the internaliza-
tion of NA in epithelial cells, avoiding vascular congestion and
oedema formation. The MPO  activity was quantified as a marker
of the inflammatory process, since it is proportional to the neu-
trophil concentration in the inflamed tissue. The efficacy of NA
loaded ultradeformable liposomes was  assayed and compared with
betamethasone cream, as commercial reference, and NA disper-
sion. The ultradeformable liposomes displayed a superior ability to
reduce MPO  activity in the injured tissue respect to the betametha-
sone cream (Table 2). No significant differences were observed
(p > 0.05) between the three vesicular formulations containing dif-
ferent amounts of NA, which indicates that, in our experimental
conditions, ultradeformable liposomes can promote the NA benefi-
cial activity independent of the concentration used. Liposomes (III)
have a greater activity respect to NA dispersion (p < 0.01), despite
having the same concentration of flavonoid, as shown in Table 2.
Thus, this phospholipidic system could be considered as promising
tools for treatment of skin inflammation. The macroscopic obser-
vations are in agreement with the MPO  and oedema values. The
macroscopic images of mice clearly showed the positive effect of
NA ultradeformable liposomes on injured skin (Fig. 4).

With regard to the histological study, morphological alterations
of mice skin exposed to TPA were evaluated by hematoxylin and
eosin staining, and compared with untreated skin (Fig. 5). The skin
treated with acetone only (control −) showed a regular structure
the tissues directly underneath (i.e., subcutaneous cellular tissue,
skeletal muscle and adipose tissue), with only some mononuclear
and polymorphonuclear cells in the muscular region. Otherwise,



2  Surfa

m
n
s
v
o
N
w
c
i
u

4

a
s
b
N
c
p

A

w
w

R

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

70 M. Pleguezuelos-Villa et al. / Colloids and

ice skin treated with TPA displayed severe dermal and subcuta-
eous alteration, with a large number of leukocytes infiltrating, and
howing pathological features of inflammatory damage, such as
ascular congestion (control +). Similar results of injured skin were
btained using betamethasone cream, but the application of the
A ultradeformable liposomes reduced TPA-induced lesions, along
ith mild to moderate inflammatory infiltrates of mononuclear

ells, eosinophils and neutrophils. Therefore, the results obtained
n vivo seem to indicate a remarkable therapeutic potential of NA
ltradeformable liposomes.

. Conclusions

The loading of NA into ultradeformable liposomes represents
n innovative approach to prevent and treat skin lesion and restore
kin integrity. Results demonstrated that NA liposomes were highly
iocompatible and more effective than betamethasone cream and
A dispersion as demonstrate in vivo model (TPA test). In con-

lusion NA ultradeformable liposomes can be considered as a
romising formulation for the treatment of inflammatory diseases.
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A B S T R A C T

In this paper mangiferin nanoemulsions were developed using hyaluronic acid of different molecular weight, in
absence or presence of Transcutol-P. An extensive study was carried out on the physico-chemical properties of
nanoemulsions. Nanosizer and transmission electron microscopy showed oil droplets average size 296 nm with
monodisperses distribution (PI≤ 0.30). The zeta potential was highly negative (−30mV). FTIR analysis con-
firms the existence of physical interactions among compounds. Rheological measurements allowed to conclude
that all formulations present a pseudoplastic behavior (s∼ 0.4) in presence of the biopolymer. Moreover,
mangiferin release depends on the molecular weight of the polymer. Permeability assays on pig epidermis
showed that nanoemulsions with low molecular weight hyaluronic acid improve the permeation, being this
effect more pronounced in nanoemulsions with Transcutol-P. Administration of mangiferin nanoemulsions on
TPA-inflamed skin mice model provided an attenuation of oedema and leucocyte infiltration. Macroscopic ap-
pearance of mice skin lesions has a good correlation with the histological study. The topical application of these
formulations shows an appropriate anti-inflammatory effect.

1. Introduction

The interest in natural pharmacologically active compounds has
widely increased in the recent years (Riccardo et al., 2017; Agrawal
et al., 2017; Shal et al., 2018). Experimental studies reported that herbs
and/or their constituents have anti-inflammatory, anti-proliferative,
anti-angiogenic, anti-cancerous properties, among others, together with
anti-oxidative stress role and tissue repair action (Rady et al., 2018;
Fujii et al., 2017; Khazdair et al., 2018). These activities may explain
the apparent benefits of the topical multi-herbal formulations on skin
disease treatments. Moreover, no serious adverse events have been
associated with their use (Deng et al., 2017, Deng et al., 2014; Liu et al.,
2016; Sheng et al., 2018; Zhao et al., 2017). Natural products as bai-
calin or naringin could represent a potential adjuvant treatment (Mir-
Palomo et al., 2016; Pleguezuelos-Villa et al., 2018) as conventional

therapies in topical disorders.
In this sense, other natural products as mangiferin (Imran et al.,

2017; Zhao et al., 2017; Ochocka et al., 2017) used in several auto-
immune inflammatory diseases, such as rheumatoid arthritis, dermatitis
and psoriasis have been analyzed (Jeong et al., 2014; Garrido-Suárez
et al., 2014). Mangiferin is a natural xanthone glycoside, isolated from
various plants such as Gentianaceae, Zingiberaceae and Mangiferaceae
(Morais et al., 2012). Due to its low hydrosolubility (0.111mg/mL)
(Acosta et al., 2016; Van der Merwe et al., 2012), the mangiferin has a
poor bioavailability, which restricts its clinical application. Therefore,
new formulation strategies should be developed to improve this topical
efficacy.

Special attention has lately been focused on different nanosystems,
such as nanoemulsions, solid lipid nanoparticles and nanovesicles, as
potential vehicles for active agent delivery. These nanosystems enhance
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skin permeation, pharmacological activity and stability of different
active substances (Roberts et al., 2017; Dong et al., 2017).

Nanoemulsions are metastable colloidal systems consisting on dro-
plets of one liquid dispersed within another immiscible liquid (Rosen
and Kunjappu 2012). They represent versatile carriers for local delivery
of hydrophilic, lipophilic and amphiphilic molecules. In fact, these
systems have arisen as a novel carrier system for improving the bioa-
vailability of poorly absorbed herbs actives/extracts (Yoo et al., 2010;
Wais et al., 2017).

Several studies have concluded that incorporation of surfactants, as
phospholipids or polysorbate, enhances nanoemulsions stability, and
improves drug release and skin permeation (El-Leithy et al., 2018; Se-
daghat Doost et al., 2018; Zhang et al., 2014). These surfactants are
biocompatible with the skin and have non-toxic properties (Manconi
et al., 2011). In addition, the incorporation of cosurfactants, such as
Transcutol-P, which may improve the retention/permeation of com-
pounds into and through the skin has been also investigated.

Hyaluronic acid (HA) is a biopolymer that promotes the stabiliza-
tion of the formulation and plays a role for the controlled release drug
delivery (Gao et al., 2014; Rodríguez-Belenguer et al., 2015). It exhibits
biomedical implications in tissue regeneration (Badawi et al., 2013),
specific tumor-targeting affinity for CD 44 cancer cells (Kim and Park
2017) and anti-inflammatory diseases (Chen et al., 2018; Xiao et al.,
2017). To extend the residence time of a topical formulation and im-
prove mangiferin bioavailability, hyaluronate muco-adhesive nanoe-
mulsions could be formulated.

The aim of this paper was to develop mangiferin nanoemulsion
hyaluronate gels for inflammatory disorders in absence or presence of
transcutol-P. Nanoemulsions were elaborated and characterized by
analyzing their droplet size, polydispersity index (PDI), zeta potential
and performing electronic microscopy, FTIR and rheological measure-
ments. Ex vivo permeation assays and release studies were also carried
out. The efficacy of the formulations was evaluated by means of an in
vivo mice model of acute inflammation.

2. Material and methods

2.1. Materials

Lipoid® S75 a mixture of soybean lecithin containing lysopho-
sphatidylcholine (3% maximum), phosphatidylcholine (70%), phos-
phatidylethanolamine (10%), fatty acids (0.5% maximum), triglycer-
ides (3% maximum), and tocopherol (0.1–0.2%) were a gift from Lipoid
GmbH (Ludwigshafen, Germany). Polysorbate 80 and tocopherol were
purchased from Scharlab S.L. (Barcelona, Spain). HA of different mo-
lecular weights: low (40.000–50.000 Da), high
(1.000.000–1.200.000 Da) were purchased from Carbosynth Limited
(UK) and biophil Iberia S.L. (Barcelona, Spain), respectively.
Mangiferin was purchased to Carbosynth Limited (UK). Glycerin were
purchased from Guinama S.L.U. (Valencia, Spain), N-octanol (special
grade for measurement of partition coefficients) was purchased from
VWR chemicals S.A. (France). Diethylene glycol monoethyl ether
(Transcutol-P) was obtained from Alfa Aesar (Kandel, Germany).
Almond oil and dexamethasone (DXM) were from Acofarma S.A.
(Barcelona, Spain). Phorbol 1, 2-myristate 1, 3-acetate was purchased
from Sigma-Aldrich.

2.2. Content and physico-chemical mangiferin properties

Mangiferin content was analyzed by a high-performance liquid
chromatography (HPLC) Perkin Elmer® Series 200 equipped with a
photodiode array UV detector. Samples were injected in a C18 reverse-
phase column (Teknokroma®Brisa “LC2” 5.0 µm, 150mm×4.6mm).
The isocratic mobile phase was a mixture of hydrochloric acid (pH 4.0)
and methanol (60:40, v/v) and the flow rate 1.2mL/min (Bartoszewski
et al., 2014). The detection wavelength was set at 254 nm. Standard

calibration curves covering the whole mangiferin range concentrations
in experimental samples were obtained. The limit of detection (LOD)
and quantification (LOQ) were estimated using the calibration curve
procedure. Three calibration curves were prepared (0.7 mg/mL-
0.005mg/mL) to determine the sensitivity of the method.

The limit of quantification may be expressed as follows:

= ∗LOD SD
S

3.3
(1)

The detection limit may be expressed as follows:

= ∗LOQ SD
S

10
(2)

The LOD and LOQ were determined based on the standard deviation
(SD) of the y-intercept and the slope of the linear calibration curve (S).

Solubility determinations of mangiferin, mangiferin-phospholipid
(1:10) and mangiferin-phospholipids-polysorbate 80 (1:10:5) were
carried out by adding an excess of the different mixtures in water
(2 mL). Samples were maintained under constant stirring for 24 h at
25 °C, then an aliquot of each dispersion was filtered through 0.22 µm
membranes and injected into HPLC system to measure the mangiferin
content.

In addition, an octanol-water partition coefficient values were ob-
tained by equilibrating mangiferin, mangiferin-phospholipid or man-
giferin-phospholipid-polysorbate 80 in aqueous solution with 1-octanol
for 24 h at 25 °C in a shaker bath (Morikawa et al., 2016). Distribution
of mangiferin between the aqueous and the organic phase was de-
termined by HPLC method. Each sample was carried out in triplicate
(n= 3).

2.3. Mangiferin nanoemulsion gel formulation

A preformulation design was carried out in order to select the final
nanoemulsion gel composition. Different amounts of HA (between
0.25% and 1%), polysorbate 80 (1 and 5%), almond oil (5 and 10%)
and phospholipid (5 and 10%) were formulated. According to the sta-
bility data (average particle size< 500 nm, polydispersity index< 0.5
and zeta potential value< -30mV), the best nanoemulsion gel com-
position was selected. Moreover, HA of different molecular weight (low
and high) in presence or absence of Transcutol-P were also evaluated.

In this study, mangiferin (1%) and glycerin (3%) were added to
distilled water in a glass tube in absence or presence of HA (1%) to
obtain aqueous phases. Lipoid ® S75 (5%), polysorbate 80 (1%), toco-
pherol (0.1%) and almond oil (10%) were also mixed inside a glass tube
with or without Transcutol-P (4%) to obtain the oil phases. Both re-
ceptacles were placed in a thermostat bath at 55 ± 0.5 °C. Then,
aqueous phase was poured over to oil phase and subsequently homo-
genized with an Ultraturrax (DI25-basic, IKA-Germany) at 10.000 rpm
for 5min. After this, nanoemulsions were sonicated (3 cycles of 10min)
with an ultrasonic disintegrator (CY-500, Optic Ivymen system,
Barcelona, Spain) equipped with a continuous Flow Vessel. This vessel
was surrounded by a cooling jacket with a suitable cooling liquid. This
method allows the preparation of a stable nanoemulsion O/W with
variable consistence according to HA the molecular weight of used.

Several formulations to evaluate the in vivo efficacy of mangiferin
in a mice model were tested: NE 0 (control without HA), NE I (HA, high
molecular weight), NE II (HA, high molecular weight with Transcutol-
P), NE III (HA, low molecular weight) and NE IV (HA, low molecular
weight with Transcutol-P). In order to know the vehicle influence,
empty nanoemulsions (empty NE I, empty NE II, empty NE III and
empty NE IV) were also prepared.

2.4. Characterization of formulations

Shape and surface morphology of nanoemulsions were examined
using a JEM-1010 microscope (Jeol Europe, Croissy-sur-Seine, France),
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equipped with a digital camera MegaView III. A drop of the samples
was spread on the coated copper grids and stained with phospho-
tungstic acid (2%, w/w) before observation. The TEM graphs were
taken at an accelerating voltage of 80 KV.

Measurement of average diameter and polydispersity index (PI) of
nanoemulsions were carried out by Photon Correlation Spectroscopy at
25 °C. The zeta potential was estimated by electrophoretic light scat-
tering in a thermostatic cell. All determinations were performed using a
Zetasizer Nano-S ® (Malvern Instruments, Worcester-shire, United
Kingdom).

Nanoemulsions stabilities were assessed by monitoring the droplets
average size of the internal phase and zeta potential over 30 days at
4 °C.

In order to evaluate nanoemulsion-flavonoid interactions Fourier
transform infrared studies (FTIR) were taken using ATR Agilent Cary
630 (Germany) at room temperature in a spectral region between 500
and 4000 cm−1.

2.5. Rheological measurements

A controlled stress rheometer (RheoStress 1, Thermo Haake,
Germany) equipped with control and data logging software (RheoWin
4.0.1) and a Haake K10 thermostatic bath for temperature control was
used. After loading, samples were allowed to rest for at least 300 s for
stress relaxation and temperature equilibrium. Cone-plate sensor (2°,
35 mm and 60mm diameters) were used. Two types of rheological
measurements were performed: flow curves and small amplitude os-
cillation sweeps tests. All measurements were performed in triplicate, at

25 °C.
Step flow curves were performed in controlled stress mode (30 s

each step in logarithmic distribution), so shear stress range was chosen
in order to obtain viscosities corresponding to very low shear rates until
approx. 100 s−1. The viscosities results can be fitted to the simplified
Carreau model.

=
⎛
⎝

+ ⎞
⎠( )

η
η

1 γ
γ

s
0

̇
̇

2

c (3)

where η0 is the zero-shear viscosity, γċ is critical shear rate, and s the
shear thinning index. Oscillatory measurements at a constant stress in
the linear viscoelastic region (LVR) were performed, varying the fre-
quency from 0.01 to 10 Hz (9 points per decade). In order to establish
LVR, stress sweeps at a frequency of 1 Hz were performed for all sys-
tems.

2.6. Flavonoid release studies

The release of mangiferin from nanoemulsions was determined with
Franz diffusion cells. An artificial membrane (0.45 μm cellulose acetate
membrane, Teknocroma, Barcelona, Spain) was placed between the

Table 1
Average size, polydispersity index (PI) and zeta potential of nanoemulsions during 30 days of storage at 4 °C (Mean Value ± SD; n= 4).

Sample Size (nm) PI Potential Z (mV)
0 days 30 days 0 days 30 days 0 days 30 days

NE 0 without polymer 319.4 ± 5.7 289.4 ± 5.7 0.26 0.24 −40.4 ± 1.3–39.1 ± 1.3

HA High molecular weight
NE I 393.0 ± 4.1 372.3 ± 6.3 0.30 0.30 −37.2 ± 1.6–35.4 ± 1.3
NE II 397.9 ± 6.1 320.5 ± 2.7 0.25 0.25 −32.7 ± 0.4–33.5 ± 0.3

HA Low molecular weight
NE III 221.5 ± 7.0 194.5 ± 3.4 0.19 0.21 −38.2 ± 0.1–38.2 ± 0.2
NE IV 323.2 ± 8.0 281.5 ± 7.2 0.23 0.20 −40.2 ± 2.0–38.3 ± 0.4

Fig. 1. TEM graphs of nanoemulsions.

Fig. 2. FT-IR spectra of A) Mangiferin B) Mangiferin and hyaluronic acid (HA)
C) Mangiferin and lipoid S®75 D) Mangiferin, lipoid S®75 and polysorbate 80 E)
Nanoemulsion loaded with Mangiferin.
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donor and receptor compartments of the Franz cells (effective diffusion
area of 0.784 cm2). The Franz cells were immersed in a bath system at
37.0 ± 0.5 °C and kept under agitation. The receptor compartment
(6 mL) was filled with an aqueous solution of polysorbate 80 (1%) to
maintain sink conditions. A weighted amount of each nanoemulsion
(500mg) was loaded onto the surface of the membrane. At regular
intervals, up to 24 h, the receptor solution was removed (200 μL), re-
placed with the same volume of a fresh aqueous solution and analysed
by HPLC to determine the content of mangiferin.

In order to describe the flavonoid release mechanism, the mean
percentages of cumulative amounts of mangiferin were fitted according
to Power law model (Table 2).

2.7. In vitro permeation assays

The experiments were performed using Franz diffusion cells ac-
cording to the procedure described previously in epigraph 2.6. In this

case, cellulose-acetate membrane was replaced by new born pig epi-
dermal skin from a local slaughterhouse. The epidermis was mounted
between the donor and receptor compartments of the Franz cells with
the stratum corneum side facing upward the donor compartment.
Epidermal membranes were obtained from heat separation through
immersing in water (at 60 °C) for 75 s (Chilcott et al., 2001).

The cumulative amounts of mangiferin (Q) permeated through the
epidermis were fitted to the equation derived of the Fick’s Second Law
to the diffusion process (Eq. (4)):

Fig. 3. Rheological measurements. A) Flow curves fitted to Carreau model for
nanoemulsions: NE I (△), NE II (◊), NE III (○) and NE IV (□) B)
Viscoelasticmoduli as a function of oscillation frequency for nanoemulsions: NE
I (△), NE II (◊). Closed symbols: elastic modulus, G′; open symbols: viscous
modulus, G″.

Fig. 4. A) Graphical representation of percentage of mangiferin released in
function of time for the differents nanoemulsions: NE 0 ( ) NE I (△), NE II (◊),
NE III (○) and NE IV (□). B) Profiles of cumulative amount of mangiferin ac-
cumulated in receptor compartment after 24 h treatment with nanoemulsions
(NE I-NE IV). C) Cumulative amount of mangiferin accumulated in receptor
compartment (CR), epidermis (EP) and donor compartment (CD) after 24 h of
treatment with nanoemulsions (NE I-NE IV). Bars represent the mean ±
standard deviation of at least four independent experimental determinations.
*p < 0.05 values statistically different compared permeation of NE III vs NE I.
#p < 0.05 values statistically different compared permeation of NE II vs NE IV.
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where Q (t) is the amount of mangiferin through the skin and reaches
the receptor solution at a given time t; A is the diffusion surface area
(0.784 cm2); P is the partition coefficient of mangiferin between the
skin and the donor solution; L is the diffusion pathway; D is the diffu-
sion coefficient of mangiferin in the skin; and C is the concentration of
mangiferin in the donor vehicle. By fitting the equation (4), lag time
(tL= 1/6D, h), permeability coefficient (Kp=P·D, cm/h) and flux
(J= kp·C, µg/cm2/h) were calculated.

At the end of the permeation experiments, the epidermis integrity
was verified. Briefly, 1mL of phenol red solution (0.5 mg/mL) was
applied onto the skin surface in the donor compartment. When the
phenol red amount in receptor compartment was<1%, the epidermis
was considered intact. The concentration of mangiferin retained in the
epidermis (R24) was also quantified. The epidermis sheet was removed
from the Franz diffusion cell and extracted with 10mL of methanol.
Subsequently, it was maintained for 24 h at 2–8 °C. The suspension was
homogenized with an Ultratturrax and sonicated for 30min. Finally,
the supernatant was filtered through a 0.45 μm filter and analysed by
HPLC. To evaluate the affinity of mangiferin for the epidermal layers
and the influence of the formulation R24/Q24 ratios were calculated.

2.8. Acute inflammation assays

For the inflammation study, female CD-1 mice (5–6weeks old,
25–35 g) were supplied by Harlan laboratories (Barcelona, Spain). Mice
were acclimated for one week before use. All studies were performed in
accordance with European Union regulations for the handling and use
of laboratory animals. The protocols were approved by the Institutional
Animal Care and Use Committee of the University of Valencia (code
2016/VSC/PEA/00112 type 2). Briefly, dorsal skin of mice (n=4 per
group) was shaved and 24 h later the topical formulations were applied.
The first day, TPA dissolved in acetone (3 µg/20 µL) was topically ad-
ministered to the shaved dorsal area (1 cm2) to induce cutaneous in-
flammation and ulceration. After 3 h, 200 µL of five formulations se-
lected were topically applied in the same areas. This procedure was

repeated for two consecutive days. Mice were sacrificed on day fourth
by cervical dislocation and biopsies from the treated dorsal skin were
excised and weighed to evaluated oedema and histological study, pre-
viously stored at −80 °C.

For histological assays, tissue samples were stored in formaldehyde
(0.4%, V/V). Longitudinal sections (5 mm) on a rotary microtome were
mounted on slides and marked with hematoxylin and eosin according to
standard protocols. The tissues were analyzed and observed using a
light microscope (DMD 108 Digital Micro-Imaging Device, Leica,
Wetzlar, Germany).

Myeloperoxidase (MPO) activity was determined using a minor
modification of the method of Grisham et al. (1990). The tissue was
thawed and homogenized in 750 µL of phosphate buffer (pH 5.4) with
an Ultra-Turrax T25 homogenizer (IKA1 Werke GmbH & Co. KG,
Staufen, Germany). The homogenate was centrifuged at 10.000 g for
15min at 4 °C. The supernatant obtained was diluted with PBS 5.4
(1:10). A sample of supernatant (10 µL) was added to a 96-well plate
and incubated at 37 °C for 5min with a mixture of 20 µL of sodium
phosphate buffer (pH 5.4), 200 µL of phosphate buffer (pH 7.4), 40 µL
of 0.052% hydrogen peroxide and 20 µL of 18mM 3,30,5,50-tetra-
methylbenzidine dihydrochloride. The reaction is finalized by 50 µL of
SO4H2 2 N. The absorbance was determined at 450 nm. The MPO ac-
tivity was calculated from the linear portion of a standard curve. The
oedema was expressed as the percentage of inhibition versus the posi-
tive control (TPA) value and MPO was expressed as percentage of ac-
tivity.

2.9. Statistical analysis

Statistical differences were determined by one-way ANOVA test and
Tukey’s test for multiple comparisons with a significance level of
p < 0.05. All statistical analyses were performed using IBM SPSS sta-
tistics 22 for Windows (Valencia, Spain). Data are shown as mean ±
standard deviation.

3. Results and discussion

In the present study, the effect of biopolymer (HA) on the properties

Table 2
Results of release mangiferin fitting different models at 24 h (Mean Value ± SD; n= 4).

Nanoemulsions
Models Without polymer HA High molecular weight HA Low molecular weight

NE 0 NE I NE II NE III NE IV

Power law
Mt=K·t
K (h−1) 0.69 ± 0.12 0.010 ± 0.006 0.08 ± 0.04 0.36 ± 0.07 0.57 ± 0.16
n 1.09 ± 0.05 1.58 ± 0.13 1.26 ± 0.18 0.99 ± 0.06 1.01 ± 0.07
R> 0.997 0.998 0.992 0.997 0.990

Mt is the fraction of flavonoid release at each time t; K is a constant reflecting structural and geometric characteristic of the device; n is the release exponent
characterizing the diffusion mechanism.

Table 3
Results of in vitro permeation studies on nanoemulsions (Mean Value ± SD; n= 4).

Nanoemulsions Q24 (µg, cm2) P D *102 (cm/h) Lag time (h) Flux (µg/cm2/h) R24 (µg/cm2) R24/Q24

HA High molecular weight
NE I 1.81 ± 0.01 4.79 ± 1.10 2.1 ± 0.4 8 ± 1 0.10 ± 0.01 2.03 ± 0.08 1.12
NE II 1.93 ± 0.01 7.33 ± 2.14 1.9 ± 0.3 9 ± 2 0.13 ± 0.01 2.02 ± 0.04 1.04

HA Low molecular weight
NE III 5.04 ± 0.01 9.09 ± 2.65 2.9 ± 0.7 6 ± 1 0.26 ± 0.02 10.52 ± 0.02 2.08
NE IV 9.41 ± 0.01 23.19 ± 10.60 2.4 ± 0.8 7 ± 2 0.55 ± 0.09 28.94 ± 0.07 3.07

Q24 is the amount of mangiferin through the skin and reaches the receptor solution; P is the partition coefficient of mangiferin between the skin and the donor
solution; D is the diffusion coefficient of mangiferin in the skin; R24 is the concentration of mangiferin retained in epidermis.
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of nanoemulsions was evaluated, in order to optimize the formulation
for the transdermal mangiferin administration.

3.1. Content and physico-chemical mangiferin properties

Excellent plots correlating the peak areas and mangiferin con-
centrations were obtained. Calibration graphs presented a correlation
coefficient value r > 0.999, demonstrating good linearity. The limits of

detection and quantification were 0.21 µg/mL and 0.54 µg/mL, re-
spectively.

Mangiferin solubility values from different mixtures were de-
termined. The mangiferin-phospholipid-polysorbate 80 solubility
(0.71 ± 0.03mg/mL) was higher than mangiferin and mangiferin-
phospholipid solubilities: 0.10 ± 0.01mg/mL and 0.25 ± 0.02mg/
mL, respectively.

Octanol-water partition coefficient value was obtained in different

Fig. 5. A) Macroscopic appearance of skin lesions of mice treated with dexametasone (DXM), nanoemulsions (NE 0, NE I, NE II, NE III and NE IV) in comparison with
untreated skin and empty nanoemulsions. B) Histological appearance of mice skin treated with dexametasone (DXM), nanoemulsions (NE 0, NE I, NE II, NE III and NE
IV) in comparison with untreated skin and empty nanoemulsions.
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mixtures. Mangiferin-phospholipid-polysorbate 80 partition coefficient
(5.23 ± 0.17) was also higher than mangiferin and mangiferin-phos-
pholipid partition coefficients: 0.12 ± 0.01 and 2.10 ± 0.12, respec-
tively.

3.2. Characterization of formulations

Nanoemulsions present oil droplets size range from 194.5 to
397.9 nm (Table 1). These results are in accordance with Callender
Shannon et al. (2017). All nanoemulsions showed monodisperses dis-
tribution (PI≤ 0.30) and spherical shape (Fig. 1). The zeta potential
was always highly negative (<−30mV). The physical stability of na-
noemulsions (NE 0 to NE IV) was monitored over 30 days of storage at
4 °C. As can be seen in Table 1 nanoemulsions were stable. The average
size and zeta potential of the oil core depend on HA molecular weight.
Short-chain HA nanoemulsions have smaller particle sizes and zeta
potentials more negative, being similar to the nanoemulsion without
polymer.

FTIR analyses provided information about the interactions of the
different components of nanoemulsions (Ferreira et al., 2013). Fourier
transform infrared (FTIR) studies are indicated in Fig. 2. In these
spectra, profiles the mangiferin (A), mangiferin and HA (B), mangiferin
and lipoid ®S 75 (C), mangiferin with lipoid S ®75 and polysorbate 80
(D) and nanoemulsion loaded with mangiferin (E) were shown. The FT-
IR spectrum of mangiferin showed absorption bands at 3373 cm−1

(hydroxyl group) and 2933 cm−1 (C–H asymmetric stretching). Bands
at 1255 cm−1 (–C–O–) and 1093 cm−1 (–C–O–C). An aromatic con-
jugated carbonyl group can be observed at 1651 cm−1 together with
signals of aromatic nucleus. By comparison of the spectra, the major
changes observed occurred in the region from 1800 to 500 cm−1. Some
IR bands of mangiferin had disappeared completely or had their in-
tensities altered. In nanoemulsion, bands at 1651, 1622 cm−1 were
observed, confirming the presence of mangiferin. In addition, at
3373 cm−1 the band intensifies verifying the integration of the

hydroxyl groups of mangiferin in the system. Mangiferin interactions
with HA of different molecular weight showed satisfactory physico-
chemical properties related with the formulation stability.

3.3. Rheological measurements

The low viscosity of the NE 0 nanoemulsion (data not shown) is not
the most suitable for topical administration. For this reason, new for-
mulations were developed in presence of HA different molecular weight
(high and low). A rheological test was performed in order to understand
the nanoemulsions gel properties. The experimental data fits to the
simplified Carreau model showed that nanoemulsions with HA high
molecular weight had a higher viscosity (NE I, 863.5 ± 16.8 Pa s and
NE II, 508.5 ± 11.2 Pa s) than the HA low molecular weight nanoe-
mulsions (NE III, 68.8 ± 2.9 Pa s and NE IV, 64.8 ± 8.9 Pa s). Flow
curves obtained for nanoemulsions NE I, NE II, NE III and NE IV are
presented in Fig. 3A. Also, all nanoemulsions had a pseudoplastic be-
havior (s∼ 0.40). The presence of Transcutol-P did not modify the
pseudoplastic behavior.

To investigate the nanoemulsions gel structure, oscillatory mea-
surements at a constant stress, in the linear viscoelastic region (LVR),
were performed. Nanoemulsions with HA low molecular weight (NE III
and NE IV) were out of the LVR, for this reason it was not possible to
measure dynamic curves. Fig. 3B shows results obtained on dynamic
tests. As can be seen, NE I and NE II, in the presence and absence of
Transcutol-P, exhibited an elastic behavior (G > G) and low frequency
dependence, which promoted the formation of controlled release sys-
tems (Díez-Sales et al., 2005). This behavior was confirmed with loss
tangent (tan δ, 1 Hz) values, 0.59 and 0.49 for NE I and NE II, respec-
tively.

3.4. Flavonoid release studies

The amount of mangiferin released at 24 h was greater than 20% in
nanoemulsions without polymer (NE 0). The mangiferin release can be
significantly modified depending on the molecular weight of the bio-
polymer (Agubata et al., 2014; Morsi et al., 2017). In fact, the presence
of HA reduces the percentage released (Fig. 4A), being more evident in
high molecular weight nanoemulsions (NE I, NE II). Nanoemulsions
with Transcutol-P (NE II and NE IV) showed a slight ability to enhance
mangiferin release in comparison with the other nanoemulsions.

Mangiferin release data were analyzed according to power law
equation (epigraphs 2.6). The fitting results are summarized in Table 2.
In accordance with the power model, the release mechanism is zero
order (n∼ 1) (Siepmann and Peppas, 2001). These results could be
attributed to polymer obstructive mechanism, which depends on the
molecular weight of the polymer.

In accordance with the following equation, (Barry, 1983).

=
+ ∅

Kp Ko
1 2 /3 (5)

where K0 and Kp are the diffusion constants of the mangiferin in water
in absence and presence of polymer, respectively.∅ is the proportion of
water immobilized by the polymer.

The water retention values (∅) have been determined (Eq. (5)):
∅NE I= 17.3 and ∅NE III = 2.5. In fact, the greater amount of water
retained by the polymer, the less amount of mangiferin released.

3.5. In vitro permeation assays

The results of in vitro permeation studies are showed in Table 3. As
can be observed, the molecular weight of HA affects a percutaneous
absorption. For the lag time, no significant differences were shown
between formulations (p > 0.05). Nanoemulsions with HA of high
molecular weight presented a lower penetration at 24 h (Q24). In the
case NE I (1.81 ± 0.01 µg/cm2) and NE II (1.93 ± 0.01 µg/cm2) the

Fig. 6. A) Myeloperoxidase activity (%) (MPO) and B) oedema inhibition (%)
values, obtained after TPA treatment and application of nanoemulsions (NE 0 –
NE IV), dexametasone (DXM) and empty nanoemulsions (n=4). Mean va-
lues ± standard deviation were reported. **p < 0.01 values statistically dif-
ferent from those of skin treated with empty nanoemulsions. #p < 0.05 values
statistically different compared DXM with mangiferin nanoemulsions.
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presence of Transcutol-P does not significantly enhance (p > 0.05) the
skin permeation. The highest penetration occurs in low molecular
weight HA nanoemulsions. NE III increase 2.5-fold the mangiferin
amount in the receptor compartment (Q24= 5.04 ± 0.01 µg/cm2),
and the incorporation of Transcutol-P (NE IV) increase 5-fold the
amount permeated (Q24= 9.41 ± 0.01 µg/cm2). As expected, the last
nanoemulsion has the highest flux value (J= 0.55 ± 0.09 µg/cm2/h).
These results were confirmed by R24 / Q24 ratio.

Fig. 4B showed the profiles of cumulative amount of mangiferin and
Fig. 4C the cumulative amount of mangiferin (%) in donor compart-
ment (CD), epidermis (EP) and receptor compartment (CR). As can be
seen in this figure, nanoemulsions with Transcutol-P showed the
highest accumulation in the epidermis (NE II, 35% and NE IV, 45%).
Probably, the oil core could penetrate into the epidermis, due to a sy-
nergistic mechanism between surfactants and the intercellular lipids of
pig skin (Manconi et al., 2011; Blume et al., 1993).

3.6. Acute inflammation assays

Topical application of TPA was used in skin to induce oxidative
stress, oedema and infiltration of inflammatory cells and inflammation.
By repeating TPA application scaly, peeling and crusted mice skin with
desquamation was observed (Fig. 5A).

All animals treated with mangiferin formulations presented a sig-
nificant amelioration of the skin. The ability of mangiferin nanoemul-
sion to wound healing in comparison with empty nanoemulsions was
evidenced (Fig. 5A). Histological study showed that mice skin treated
with TPA displayed severe dermal and subcutaneous alteration, with a
large number of leukocytes infiltrating, and showing pathological fea-
tures of inflammatory damage, such as vascular congestion. Untreated
skin with TPA showed a regular structure and normal appearance of
epidermis. As can be observed in Fig. 5B, nanoemulsions with mangi-
ferin reduced TPA-induced lesions. Nanoemulsions loaded with man-
giferin (NE I, NE II, NE III, NE IV) induced both strong inhibition of
oedema and reduction of MPO activity. Statistic differences (p < 0.01)
have been found with respect to empty nanoemulsions and TPA treat-
ment results (Fig. 6A). Nanoemulsions with mangiferin showed a sig-
nificant decrease in oedema inhibition: ∼20-fold higher than empty
nanoemulsions (Fig. 6B). MPO levels dramatically increased with re-
peated TPA and DXM exposure, it was ∼80-fold higher than those
found in untreated skin. Therefore, the results obtained in vivo seem to
indicate a remarkable therapeutic potential of mangiferin nanoemul-
sions.

4. Conclusion

This investigation reveals that the design and development of na-
noemulsions could be a promising device to restore inflammatory skin
disorders. The topical application of these formulations shows an ap-
propriate anti-inflammatory effect.
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A B S T R A C T

Mangiferin, a natural compound isolated from Mangifera indica L, was incorporated in glycerosomes, ethosomes
and alternatively in glycerol-ethanol phospholipid vesicles (glycethosomes). Actually, only glycethosomes were
able to stably incorporate the mangiferin that was loaded at increasing concentrations (2, 4, 6, 8 mg/mL). The
morphology, size distribution, rheological properties, surface charge and entrapment efficiency of prepared
vesicles were deeply measured. All vesicles were mainly spherical, oligolamellar, small in size (~145 nm) and
negatively charged (~−40 mV), as confirmed by cryo-TEM observation and dynamic laser light scattering
measurements. The higher concentration of mangiferin (8 mg/mL) allowed an increase of vesicle mean diameter
up to ~288 nm. The entrapment efficiency was inversely proportional to the amount of loaded mangiferin.

In vitro studies performed by using human abdominal skin, underlined that, the dose-dependent ability of
vesicles to promote mangiferin retention in epidermis. In addition, glycethosomes were highly biocompatible
and showed a strong ability to protect in vitro the fibroblasts against damages induced by hydrogen peroxide. In
vivo results underlined the superior ability of mangiferin loaded glycethosomes respect to the mangiferin dis-
persion to promote the heal of the wound induced by TPA, confirming their potential application for the
treatment of psoriasis or other skin disorders.

1. Introduction

Inflammatory skin diseases are cause of important adverse events
and disability for a large number of patients, thus negatively affecting
their quality of life. The incidence of these skin diseases, which include
atopic dermatitis and psoriasis acute, recurrent or chronic, is increasing
in recent years, especially in developed countries (Owczarek and
Jaworski, 2016).

Currently, the treatment of both atopic dermatitis and psoriasis in-
cludes the use of different drugs such as corticoids, calcineurin in-
hibitors, antihistamines, for topical application and im-
munosuppressants and biological drugs for systemic treatments
(Rodríguez-Luna et al., 2017). However, many patients, especially
those with generalized psoriasis, are not adequately treated and long-
term therapies are often combined with various side effects of different

degrees.
The role of oxidative stress in these diseases has been previously

demonstrated in preclinical and clinical studies (Body-Malapel et al.,
2018; Tanaka et al., 2018) and the use of antioxidants may represent an
ideal strategy to reduce and control the damages caused by psoriasis
and atopic dermatitis.

During the last decades, the use of phytodrugs for the treatment of
different skin disorders has haroused a great scientific interest
(Martinez et al., 2016; Furue et al., 2017; Janeczek et al., 2018). Among
the different natural antioxidant molecules, curcumin and quercetin
have generated great attention since their large number of important
biological and beneficial activities (Abrahams et al., 2019; Rauf et al.,
2018).

Considering the promising properties of these, new alternative
natural antioxidant molecules such as baicalin, berberin and mangiferin
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have been isolated and their beneficial properties evaluated (Mir-
Palomo et al., 2019; Manca et al., 2019). Mangiferin or 1,3,6,7-tetra-
hydroxyxanthone-C2-β-D-glucoside (C-glucosyl xanthone) is an anti-
oxidant molecule isolated from Mangifera indica L, a member of the
anacardiaceae family. It possesses strong free radical-scavenging (Saha
et al., 2016) and anti-inflammatory activities (Szandruk et al., 2018)
and it is effective in a variety of diseases, including tumorigenesis (Zou
et al., 2017), hypersensitivity (Guo et al., 2014) and tissue repair
(Imran et al., 2017). Like other natural antioxidants, it is in vivo bio-
logical effectiveness is limited by low bioavailability (1.71%) (Gu et al.,
2018; Du et al., 2018) especially when applied on the skin. To overcome
these limitations, the loading of natural antioxidants into nanocarriers
has been proposed aiming at increasing their bioavailability and re-
ducing possible side effects (Pimentel-Moral et al., 2018). Many studies
have demonstrated an improvement of the effectiveness of these mo-
lecules when topically applied. In particular, liposomes or modified
phospholipid vesicles disclosed optimal performances in the skin de-
livery providing an accumulation up to the lower tissues (Manconi
et al., 2018; Fang et al., 2018; Doppalapudi et al., 2017). The analysis of
research studies demonstrated that each molecule requires a specific ad
hoc tailored phospholipid vesicle formulation to maximizes the effi-
cacy.

Taking into account these results, in this work, specific phospholipid
vesicles were tailored to stably deliver mangiferin in the skin. After a
pre-formulation study, a special kind of phospholipid vesicles loading
mangiferin were prepared hydrating phospholipid with a mixture of
water, glycerol and ethanol and so called glycethosomes. Mangiferin
was loaded at increasing concentrations (2, 4, 6, 8 mg/mL). The choice
of glycerol was mainly related to its moisturizing and cosolvent prop-
erties (Angelova-Fischer et al., 2018), which are requested for the
treatment of atopic dermatitis, as reported by the therapeutic guidelines
(Ring et al., 2012; Eichenfield et al., 2014). While the addition of
ethanol was linked to their penetration ability.

Glycethosomes loaded with mangiferin were fully characterized
measuring size, size distribution, surface charge, stability on storage
and rheological properties. Their ability to promote the accumulation
and distribution of mangiferin into and through the skin was evaluated
using human abdominal skin. In addition, their potential therapeutic
application for the treatment of psoriasis was evaluated in vivo using a
12-O-tetradecanoylphorbol-13-acetate (TPA)-treated mice model.

2. Material and methods

2.1. Materials

Lipoid® S75 a mixture of soybean lecithin containing lysopho-
sphatidylcholine (3% maximum), phosphatidylcholine (70%), phos-
phatidylethanolamine (10%), fatty acids (0.5% maximum), triglycer-
ides (3% maximum) was purchased from Lipoid GmbH (Ludwigshafen,
Germany). Tween 80 were purchased from Scharlab S.L. (Barcelona,
Spain). Mangiferin was purchased to Carbosynth Limited (UK). Glycerol
was purchased from Guinama S.L.U. (Valencia, Spain), Ethanol was
purchased from VWR chemicals S.A. (France). Phorbol 1, 2-myristate 1,
3-acetate was purchased from Sigma-Aldrich (Madrid, Spain). Cell
medium, foetal bovine serum, penicillin and streptomycin and all the
other reagents for cells studies, were purchased from Thermo Fisher
Scientific Inc. (Waltham, MA, US).

2.2. Analytical method

Mangiferin content was determined by high-performance liquid
chromatography (HPLC) using a Perkin Elmer® Series 200 equipped
with a photodiode array UV detector and a C18 reverse-phase column
(Teknokroma®Brisa “LC2” 5.0 µm, 150 mm × 4.6 mm). The isocratic
mobile phase consisted of a mixture of hydrochloric acid (pH 4.0) and
methanol (60:40, v/v), the flow rate was 1.2 mL/min. The detection

wavelength was set at 254 nm.

2.3. Preparation of vesicles

A preformulation study was performed to evaluate the best com-
position able to incorporate and retain high amount of mangiferin and
promote its efficacy for the topical treatment of psoriasis and atopic
dermatitis. Various amounts of different phospholipids were tested,
tween 80 was added as excipient aiming at ameliorating the physico-
chemical properties of vesicles, Table 1. Among all formulation tested,
those obtained using S75 as phospholipid and a mixture of glycerol,
ethanol and water (50:25:25) seemed to be the ideal vesicle as it was
the smaller and homogeneous system. The glycerol: ethanol: water
blend was used to hydrate S75 (100 mg/mL) and tween 80 (5 mg/mL).
The mixture was slightly heated (40 °C) in a water bath and then dif-
ferent amounts of mangiferin (2, 4, 6 and 8 mg/mL) were added to
evaluate the higher quantity of mangiferin which could be stably in-
corporated and retained in these systems. The dispersions were soni-
cated for 4 min with a CY-500 ultrasonic disintegrator (Optic Ivymen
system, Barcelona, Spain) and then extruded through a 0.20 µm
membrane (Whatman, GE Healthcare, Fairfield, Connecticut, US) by
using Avanti® Mini Extruder (Avanti Polar Lipids, Alabaster, Alabama).
Mangiferin dispersion (8 mg/mL) and empty glycethosomes were also
prepared as control. The composition of vesicles is given in Table 2.

2.4. Characterization of vesicles

Vesicle formation and morphology were checked by cryogenic
Transmission Electron Microscopy (cryo-TEM). A thin aqueous film was
formed by placing a sample drop on a glow-discharged holey carbon
grid and then blotting the grid against filter paper. The film was vi-
trified by plunging the grid in ethane maintained at its melting point
with liquid nitrogen, using a Vitrobot (FEI Company, Eindhoven, The
Netherlands). The vitreous films were transferred to a Tecnai F20 TEM
(FEI Company) and the samples were observed in a low-dose mode.
Images were acquired at 200 kV at a temperature between
−170–175 °C, using low-dose imaging conditions not exceeding 20 e-/
Å2, with a CCD Eagle camera (FEI Company).

The average diameter and polydispersity index (PI) of glycetho-
somes were measured by Photon Correlation Spectroscopy (PCS) using
a Zetasizer nano-ZS® (Malvern Instruments, Worcestershire, UK). Zeta

Table 1
Composition of hydrating medium, mean diameter (MD), polydispersity index
(PI) and zeta potential (ZP) of liposomes, glycerosomes, ethosomes and gly-
cethosomes loading mangiferin (2 mg/mL). Each value represents the
mean ± standard deviation of at least three determinations.

Formulation Hydrating medium MD (nm) PI ZP (mV)

Liposomes Water 452 ± 3 0.40 −37 ± 2
Glycerosomes Glycerol:water 391 ± 2 0.50 −31 ± 1
Ethosomes Ethanol: water 643 ± 3 0.40 −39 ± 1
Glycethosomes Glycerol:ethanol:water 140 ± 1 0.32 −42 ± 1

Table 2
Mangiferin concentration (MC), mean diameter (MD), polydispersity index (PI),
zeta potential (ZP) and entrapment efficiency of 2-glycethosomes, 4-glycetho-
somes, 6-glycethosomes, 8-glycethosomes. Each value represents the mean ±
standard deviation of at least three determinations.

Formulation MC (mg/mL) MD (nm) PI ZP (mV) EE (%)

0 141 ± 2 0.32 −40 ± 1
2-Glycethosomes 2 140 ± 2 0.31 −43 ± 2 78 ± 1
4-Glycethosomes 4 149 ± 2 0.33 −40 ± 1 70 ± 1
6-Glycethosomes 6 151 ± 3 0.29 −38 ± 1 65 ± 1
8-Glycethosomes 8 288 ± 2 0.32 −39 ± 2 62 ± 1
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potential was estimated using the Zetasizer nano-ZS by means of the
M3-PALS (Mixed Mode Measurement-Phase Analysis Light Scattering)
technique, which measures the particle electrophoretic mobility.

The stability on storage was evaluated for 90 days at 4 °C, by
measuring the particle size, PI and Zeta potential of glycethosomes
every 30 days, which provided useful information about changes in size
distribution and surface charge.

The entrapment efficiency (EE) of the glycethosomes was de-
termined as the percentage of the amount of mangiferin recovered after
dialysis versus the amount initially used. Each sample (1 mL) was
loaded into Spectra/Por®tubing (12–14 kDa MW cut-off; Spectrum
Laboratories Inc., DG Breda, The Netherlands) and dialyzed against 1L
of water at room temperature for 8 h. The mangiferin content was
measured by HPLC after disruption of non-dialysed and dialysed ve-
sicles with Triton X-100 (10%).

2.5. Rheological measurements of mangiferin loaded vesicles

Rheological measurements were carried out at 25 ± 1 °C, using a
controlled stress rheometer (RheoStress 1, Thermo Haake, Germany)
equipped with a Haake K10 thermostatic bath control and data logging
software (RheoWin 4.0.1). Samples were allowed to rest for at least
300 s for temperature equilibrium and stress relaxation. Cone-plate
sensor (2°, 35 mm diameter) were used for the analyses.

Step flow curves were obtained in a controlled stress mode (30 s
each step in logarithmic distribution). The shear stress range was
chosen to evaluate viscosities corresponding to very low shear rates (up
to ~100 s−1). All measurements were performed in triplicate, at 25 °C.
The viscosities results can be calculated by using the simplified Carreau
model.
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where η0 is the zero-shear viscosity, γ ̇c is the critical shear rate, and s
the shear thinning index.

2.6. Evaluation of in vitro skin delivery of mangiferin loaded vesicles

Experiments were performed using human abdominal skin obtained
from donors aged 40–50 years who undergone cosmetic surgical pro-
cedures. The skin was given by Hospital Clinic Universitario (Valencia,
Spain) after informed consent obtained from patients. The skin was
prepared within the first 3 h after excision, removing all subcutaneous
fatty tissue, and was stored at −80 °C until use (Alves et al., 2007). The
full-thickness human epidermis was placed between the donor and re-
ceptor compartments of Franz diffusion vertical cells (effective diffu-
sion area of 0.784 cm2). The receptor compartment (6 mL) was filled
with an aqueous solution containing 1% of tween 80, thermostated at
37 ± 1 °C, and continuously stirred. The different formulations
(200 µL) were applied onto the surface of epidermis. At regular time
intervals, the receiving solution was withdrawn, replaced with the same
volume of pre-thermostated fresh aqueous solution up to 24 h and
analysed by HPLC for mangiferin content. At the end of the permeation
experiments, to verify the integrity of the epidermis, 1 mL of phenol red
solution (0.5 mg/mL) was applied on the skin surface, which was
considered intact when the amount of phenol red in the receptor
compartment was lower than 1%.

After 24 h the skin surface was removed and gently washed and
dried with filter paper, then it was putted in glass vials and methanol
(5 mL) was added to allow the extraction of mangiferin accumulated in
the epidermis. The extraction procedure was performed for 24 h under
constant stirring (350 rpm) at room temperature (25 ± 1 °C), then the
extractive solution was analysed by HPLC for mangiferin content.

2.7. Evaluation of in vitro biocompatibility of mangiferin loaded vesicles

3T3 mouse fibroblasts (ATCC, Manassas, VA, USA) were grown as
monolayers in 75-cm2

flasks, incubated at 37 °C in 5% CO2 and 100%
humidity. Dulbecco’s modified Eagle’s medium (DMEM), supplemented
with 10% (V/V) fetal bovine serum, penicillin/streptomicin (100 U/
mL), and 0.1% fungizone was used as culture medium. For bio-
compatibility experiments, 3T3 cells were seeded in 96-well plates at
density of 1 × 104 cell/well. After 24 h of incubation, 3T3 cells were
exposed for 48 h to mangiferin in dispersion (8 mg/mL) or loaded in
vesicles (2,4,6,8 mg/mL) at different dilutions (1:1000, 1:10000;
1:100000 and 1:1000000). Cell viability was evaluated by means of
MTT [3 (4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide]
colorimetric assay. MTT (100 µL, 0.5 mg/mL final concentration) was
added to each well, and then, after 3 h the formazan crystals formed
were dissolved in DMSO (100 µL). The reaction was spectro-
photometrically measured at 570 nm using a microplate reader
(Multiskan EX, Thermo Fisher Scientific, Inc., Waltham, MA, US). The
experiments were repeated at least three times. The results are pre-
sented as a percentage of untreated cells (100% viability).

2.8. Protection of cells against oxidative stress by using mangiferin loaded
vesicles

3T3 cells were seeded into 96-well plates and exposed to hydrogen
peroxide (1:40000 dilution) and simultaneously treated with mangi-
ferin in dispersion or loaded in vesicles (8 mg/mL and 2, 4, 6 and 8 mg/
mL for dispersion and vesicles, respectively). After 4 h, the cells were
washed with PBS and cell viability was evaluated by MTT assay.
Untreated cells were used as negative control, while cells treated with
hydrogen peroxide only were used as positive control. Final results are
reported as the percentage of untreated cells (100% viability).

2.9. Study of effectiveness of mangiferin loaded vesicles in inflammatory
mice models

Mice were supplied by Envigo laboratories (Barcelona, Spain), and
were acclimated for one week before their use. All studies were per-
formed in accordance with the European Union regulations for the
handling and use of laboratory animals. The protocols were approved
by the Institutional Animal Care and Use Committee of the University of
Valencia (code 2018/VSC/PEA/0032 type 2).

Inflammation and ulceration were induced by applying topically
TPA, dissolved in acetone (3 µg/20 µL), to the shaved dorsal area
(1 cm2) of female CD-1 mice (5–6 weeks old, 25–35 g). All glycetho-
somes (200 µL) were topically applied in the same dorsal site 3 h after
TPA application. The protocol/experimental plan was repeated for
3 days. Mice (n = 5, per group) were sacrificed on day fourth by cer-
vical dislocation. Visual inspection of the skin after the treatment, along
with myeloperoxidase activity (MPO) and oedema formation were
measured. Inhibition of MPO activity was evaluated as previously re-
ported (Pleguezuelos-Villa et al. 2019). The treated dorsal skin was
excised, weighed and used to measure oedema formation. For histolo-
gical assays, tissue samples were stored in formaldehyde (0.4%, V/V)
and longitudinal sections (5 mm) of the skin, obtained using a rotary
microtome, were mounted on slides and marked with haematoxylin and
eosin according to standard protocols. Tissues were observed and
analysed using an optical microscope (DMD 108 Digital Micro-Imaging
Device, Leica, Wetzlar, Germany).

2.10. Statistical analysis of data

Statistical differences were determined by one-way ANOVA test and
Tukey’s test for multiple comparisons with a significance level of
p < 0.05. All statistical analyses were performed using IBM SPSS
statistics 22 for Windows (Valencia, Spain). Data are shown as

M. Pleguezuelos-Villa, et al. International Journal of Pharmaceutics 573 (2020) 118844

3



mean ± standard deviation.

3. Results and discussion

3.1. Preparation and characterization of vesicles

In this study, aiming at promoting the effectiveness of mangiferin in
the treatment of psoriasis or atopic dermatitis, new phospholipid ve-
sicles were designed. To achieve versatile and stable formulations,
capable of incorporating high amount of mangiferin, a preformulation
study was carried out. Lipoid S75 were use as phospholipid (100 mg/
mL) and combined with tween 80 (5 mg/mL). The last acts as edge
activator and improve the flexibility of the bilayer (Perez et al., 2016).
Mangiferin were loaded at concentration of 2 mg/mL. Lipids, surfactant
and payload were mixed and hydrate with water to obtain liposomes,
water and glycerol (50:50 v/v) to obtain glycerosomes, water and
ethanol (50:50 v/v) to obtain ethosomes, glycerol, ethanol and water
(50:25:25 v/v) to obtain glycethosomes. Composition of hydrating
medium as well mean diameter, polydispersity index and zeta potential
of vesicles loading mangiferin are reported in Table 1. Glycethosomes
was the smallest vesicles (~140 nm), most homogeneously dispersed
(PI 0.32) and highly negatively charged (−42 mV). The mean diameter
of other vesicles was 2–3 times higher. Additionally, the dispersion was
very instable and after few days formed two phases. As a consequence,
the further studies were focuses on glycethosomes. The same formula-
tion was prepared using the same amount of phospholipid, tween and
increasing concentrations of mangiferin (2, 4, 6 and 8 mg/mL), in order
to find the highest amount of phytodrug which should be loaded. Empty
glycethosomes were also prepared and used as reference. The mean
physico-chemical characteristics of vesicles were measured (Table 2).
Empty vesicles and those loading 2, 4 and 6 mg/mL showed the same
mean diameter (~140 nm), polydispersity index and zeta potential
without differences statistically significant among the group
(p > 0.05). The highest concentrations of mangiferin seem to be critic
and the mean diameter of these vesicles was double (~288 nm) com-
pared with the other samples. Probably, using this concentration, the
mangiferin which preferentially located in the vesicle bilayer, saturated
it modifying the its assembling and curvature radius leading to the
increase of particle size (Huang et al. 2017). However, according to
other authors, vesicles sized between 100 and 1000 nm are suitable for
transdermal administration (Hussain et al. 2017).

The entrapment efficiency (EE%) of mangiferin in glycethosomes
slightly decrease as the amount of mangiferin loaded in the formulation
increased (Table 2).

Vesicle morphology was evaluated by using Cryo-TEM, which un-
derline the formation of uni- and oligolamellar, spherical and regularly
shaped vesicles. These results are in agreement with those obtained by
using dynamic light scattering technique, as particle size was ~ 140 nm
for 2-, 4- and 6-glycethosomes and bigger for 8-glycethosomes, (Fig. 1).

The prepared vesicles were stored at 4 °C for 3 mounts and their
physico-chemical characteristics (size, PI and zeta potential) were
measured at scheduled times. All vesicle desperations were highly

stable as any significant variation (p < 0.05) of the measured para-
meters were detected during the storage (Fig. 2).

3.2. Rheological measurements

The physical state of dispersions and the possible interactions be-
tween the vesicles were evaluated by rheological analyses. Viscoelastic
properties of the different glycethosomes were evaluated by measuring
their viscosity (Fig. 3).

As expected, 8-glycethosomes were the most viscous
(2584 ± 46 Pa s) as the viscosity increased as the mangiferin con-
centration increased: 2-glycethosomes (279 ± 4 Pa s); 4-glycetho-
somes (730 ± 12 Pa s) and 6-glycethosomes (1364 ± 33 Pa s).
Besides, all formulations had a similar pseudoplastic behavior
(s ~0.42). The highest value of viscosity measured for 8-glycethosomes
was clearly dependent to the increased mean diameter of vesicles which
can encapsulated a large amount of aqueous medium reducing that free
in intervesicle spaces. However, a viscosity increase was observed as a
function of other mangiferin concentrations too (2, 4 and 6 mg/mL)
while the mean diameter of these vesicles remained unchanged. This
increase can be related to an improvement of interactions between
vesicles, which decreased the kinetic energy.

3.3. In vitro skin penetration and permeation studies

The ability of the new vesicles to facilitate the skin delivery of
mangiferin was evaluate by using franz diffusion cells (Manca et al.,
2016). Additionally, mangiferin (8 mg/mL) was dispersed in a blend of
water, ethanol, and glycerol and the obtained dispersion was used as
reference to compare the vesicle performances (Fig. 4).

Using the mangiferin (8 mg/mL) in dispersion the deposition in the
skin was ~15 μg like to that provided by the vesicles (~15 μg,
p > 0.05) loading the lowest concentration of mangiferin (2 mg/mL).
Using the mangiferin loaded in vesicles the amount of phytodrug ac-
cumulated in the epidermis was closely related to the administered
dose. Indeed, the amount deposited in the skin after the application of
8-glycethosomes which loaded 8 mg/mL of mangiferin was 9-fold
higher than that accumulated after the application of mangiferin dis-
persion which contained the same amount of phytodrug. Results dis-
closed the optimal performance of glycethosomes in the skin delivery of
mangiferin.

The amount of phytodrug which permeated in the receptor fluid was
the lowest using the dispersion and increased as a function of the loaded
mangiferin in the vesicles, as follows: mangiferin dispersion < 2-gly-
cethosomes (0.81%) < 4-glycethosomes (0.86%) < 6-glycethosomes
(1.52%) < 8-glycethosomes (1.70%) (p < 0.05). The lower per-
meation of mangiferin in dispersion may be related to its high mole-
cular weight (~422.34 g/mol) and hydrophilicity (log P oct = −0.65),
which make difficulty its permeation through the stratum corneum.
Moreover, it was observed that the permeation of the drug through the
skin was independent of the vesicle size as the best results were ob-
tained with 8-glycethosomes, which were significantly larger than the

Fig. 1. Representative cryo-TEM images of 2-glycethosomes (A), 4-glycethosomes (B), 6-glycethosomes (C) and 8-glycethosomes (D).
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other vesicles. Given that, the accumulated amount in the RC was
~1.70% or lower, thus it can be considered negligible.

3.4. In vitro cell viability and protection against oxidative stress

The biocompatibility of mangiferin in dispersion or loaded into
glycethosomes was evaluated by using fibroblasts (3T3 cells, Fig. 5A).
The vesicle viability was slight lower using the lower dilution corre-
sponding to 10 μg/ml of mangiferin irrespective to the used

formulation. Using the other dilutions any mortality was detected and
the viability of cells was ≥100%. Results confirmed a great bioavail-
ability of mangiferin dispersion which was not affected by the loading
in vesicles.

The ability of mangiferin in dispersion or loaded in glycethosomes
to protect the cells against oxidative stress was evaluated (Fig. 5B).

The cells were stressed with hydrogen peroxide and simultaneously
treated with formulations. The viability of stressed cells was very low
(~40%). The addition of mangiferin in dispersion was able to slightly
counteract the oxidative stress as the viability increased up to (~70%).
However, the best results were obtained when the mangiferin was
loaded in glycethosomes as the viability reached ~100% irrespective of
the used amount of phytodrug (p < 0.01 versus result provided by
mangiferin dispersion). These results underlined the ability of the ve-
sicles to promote the protection of cells against oxidative stress by re-
ducing the damages caused by the oxygen reactive species. Considering
that this process is involved in the pathogenesis of psoriasis, these new
mangiferin loaded glycethosomes represent a promising tool for the
treatment of this pathology (Lai et al., 2018).

3.5. Inflammatory TPA mice models

Psoriasis is an inflammatory skin disorder characterized by the hy-
perproliferation of basal epidermal cells. It has been postulated that
potent anti-inflammatory and antioxidant agents can play an important
role in restoring physiological conditions (Pivetta et al., 2018; Zengin
et al., 2019).

In the present study, TPA was applied topically on mice skin to
induce ulceration and inflammation effects. The therapeutic efficacy of
mangiferin in dispersion or loaded in glycethosomes was evaluated in
vivo by measuring the inhibition of oedema and inflammatory cell
activation, typical events associated with skin lesion. To evaluate the
effect of the vesicles alone, empty vesicles were also tested.

TPA-induced oedema was significantly reduced (p < 0.05) by

Fig. 2. Mean diameter (MD), polydispersity index (PI) and zeta potential (ZP) of mangiferin loaded into 2-glycethosomes, 4-glycethosomes, 6-glycethosomes and 8-
glycethosomes stored for 3 months at 4 °C. Data are reported as mean values ± standard deviations (error bars).

Fig. 3. Representative flow curves fitted to Carreau model for 2-glycethosomes
(▴), 4-glycethosomes (Δ), 6-glycethosomes (□) and 8-glycethosomes (●).
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treating the wounded skin with mangiferin loaded vesicles, (~51%
inhibition), irrespective to the mangiferin concentration used
(p > 0.05), while the inhibition was only ~6 and 9% (p > 0.05)
when empty vesicles and mangiferin loaded vesicles were used
(Table 3).

MPO activity was inhibited as follows: mangiferin loaded vesicles
(~83%) > mangiferin dispersion (~30%) > empty vesicles (~25%).
These findings demonstrated that the delivery of mangiferin at the
wound site using phospholipid vesicles, improves the effectiveness of
phytodrug against skin inflammation and this effect should be fa-
cilitated by the penetration effect of ethanol and emollient and hy-
drating properties of glycerol. In addition, different studies suggested
that the combination of anti-inflammatory and antioxidant compounds
as mangiferin (Biswas et al., 2015; Bairy et al., 2002) with emollients
should be used as second and third-line psoriasis therapies (Khosravi

et al., 2017). However, all consensus conferences and guidelines sup-
ported the use of emollients as a first‐line therapy for the treatment of
atopic dermatitis (Ring et al., 2012; Eichenfield et al., 2014).

Macroscopic evaluation of the treated skin underlined the superior
ability of glycethosomes to heal the wound in comparison with the
dispersion used as reference, irrespective of the concentration tested
(Fig. 6), even if better results were obtained using 6- and 8-glycetho-
somes (loading 6 and 8 mg/mL of mangiferin). Histological analysis
(Fig. 7) showed that topical application of mangiferin loaded vesicles,
irrespective to the used mangiferin concentration, were able to reduce
the pathological effect induced by TPA in comparison with mangiferin
dispersion and empty glycethosomes. In agreement with the macro-
scopic observation, 4-glycethosomes showed a slight accumulation of
inflammatory cells in the epidermis with parakeratosis evidences and a
moderate inflammatory infiltration in dermis.

However, as the mangiferin concentration increased (6- and 8-gly-
cethosomes), the protection against damaging effects of TPA also in-
creased. Otherwise, skin treated with TPA only, displayed inflammatory
infiltrates of mononuclear cells, eosinophils and neutrophils, along with
severe dermal and subcutaneous alteration. These alterations are
slightly reduced by treating the skin with mangiferin dispersion.

4. Conclusions

The delivery of mangiferin in glycethosomes, along with the high
viscosity of these vesicles, favoured the retention of the drug in the
epidermis and provided a depot of mangiferin on the skin that could be
released slowly. All vesicles tested were highly biocompatible and
promoted the effectiveness of mangiferin against the oxidative stress
induced in fibroblasts using hydrogen peroxide. In vivo results

Fig. 4. Mangiferin accumulated in epidermis (EP) after 24 h of experiment. Bars represent the mean ± standard deviation of at least six independent experimental
determinations.

Fig. 5. A Viability of 3T3 cells incubated for 48 h with different concentrations of mangiferin in dispersion or loaded into glycethosomes. B Protective effect of
mangiferin in dispersion (8 mg/mL) or loaded in glycethosomes against hydrogen peroxide-induced oxidative stress in 3T3 cells. Data are reported as mean
values ± standard deviations (error bars) of cell viability expressed as the percentage of control (100% viability).

Table 3
Inhibition of oedema and MPO activity in mice exposed to TPA and treated with
mangiferin in dispersion or loaded into glycethosomes. Mean values ±
standard deviation is reported. * indicate values significantly different from
glycethosomes, # indicate values significantly different from 8-glycethosomes
(p < 0.05).

Formulations Oedema inhibition (%) MPO inhibition (%)

TPA 0 0
Mangiferin dispersion 9 ± 0.1* 30 ± 0.6*
Empty glycethosomes 6 ± 0.1* 26 ± 2.4*
4-glycethosomes 47 ± 3.2 80 ± 5.1
6-glycethosomes 51 ± 2.9 81 ± 4.4
8-glycethosomes 58 ± 2.6 87 ± 3.0#
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underlined one time more the superior ability of vesicles to promote the
heal of the wound induced by TPA. Overall results seemed to indicate a
remarkable therapeutic potential of mangiferin loaded glycethosomes
for the treatment of psoriasis or other skin disorders.
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