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Abstract 

 

Psoriasis is one of the most common skin disease, affecting 2−5% of the world’s population. 

It is a skin autoimmune disorder, resulting in an excessive growth and aberrant differentiation 

of keratinocytes. Psoriasis is an incurable lifetime disease which can only be controlled and 

relieved through medication.  Various approaches have been explored to treat the disease. 

Treatment of psoriasis includes topical therapy, systemic therapy and phototherapy. Topical 

therapy is the first line treatment and it is the most practical medication method for psoriasis 

patients. However, the conventional topical treatments such as gel and cream have low 

efficiency, poor cosmetic and aesthetic appeal, leading to poor patient compliance or 

adherence, while systemic and photo therapy produce significant adverse side effects. 

Nanoemulsion is defined as an emulsion system consisting of oil, surfactant, and water with 

an isotropic, transparent (or translucent) appearance.  The emulsion droplet size is defined to 

be less than 200 nm. Nonetheless, if the emulsion has low surfactant content and is 

kinetically stable, the size of less than 500 nm can be accepted as nanoemulsion. A small 

droplets size would enhance the delivery and penetration of drug through the psoriasis skin 

layer. There has been a growing interest in using nanoemulsions in topical applications, due 

to their high stability and optically transparent or translucent, make them good and very 

dermatologically attractive. A good selection of oils and surfactants would enhance the 

transdermal treatment efficacy. This review highlights the potential of drug-loaded 

nanoemulsion for the treatment of psoriasis towards achieving better efficacy and eliminating 

side effects.  
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1. Introduction 

 

Psoriasis is an inflammatory condition of the skin. This disease could develop at any age, but 

it usually occurs before the age of 40, and quite uncommon in children. Psoriasis is not life-

threatening, but it is a debilitating chronic illness with pronounced physical, psychological 

and social implications. In addition, approximately 5−8% of patients with psoriasis developed 

psoriatic arthritis, which cause much pain and further reduced mobility.
1
 They also 

experience extreme itching of the skin, which leads to scaly, painful and disfiguring lesions. 

Typical skin lesions affected by psoriasis can be observed clearly and the coverage area is 

well defined. When the coverage area of the affected body surface is more than 20%, the 

condition is categorized as a severe case.
2
 The area involved is not limited to any specific part 

of the body as the disease could be found as minor spots which are distributed over the entire 

skin.
3
 Visible psoriasis conditions with very thick and red patches may give an impact on the 

psychosocial lives of patients’ especially to their social interactions.
4
 Overall, patients with 

psoriasis often describe the feelings of self-consciousness, helplessness, embarrassment, 

anger and frustration,
5,6

 which would eventually lead to low self-esteem, lack of self-

confidence, poor self-image and generally lower sense of well-being.
7
  

 

Recently, psoriasis was found to be associated with many diseases such as independent risk 

factor for diabetes and cardiovascular diseases, including hypertension and 

hypercholesterolemia.
8,9

 The relation between psoriasis with cardiometabolic disorder such as 

hypertension, obesity and chronic kidney disease was reported
10

 and has been confirmed 

through investigation in paediatric patients.
11

 For example, a study was found that the obesity 

in children with psoriasis to be 1.7 times higher in frequency when compared with the 

children without psoriasis.
12 
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Although the disease was diagnosed much earlier, a patient with a psoriatic condition was 

treated since 20 years ago.
13

 Topical therapy is the primary treatment for mild to moderate 

psoriasis and serves as a useful additional support for systemic therapy in severe diseased 

cases. However, the efficacy and the patient’s compliance or adherence to topical therapy in 

psoriasis has been a major concern. The patient’s compliance (or adherence) is referred to the 

extent to which a patient correctly follows medical advice. Approximately, 70% of psoriasis 

patients in three extensive surveys were found to be unsatisfied or moderately satisfied with 

their current treatments,
14

 which include topical therapy (e.g. coal tar
15

 and dithranol
16,17

), 

phototherapy (e.g. ultraviolet B (UVB)
18

), and systemic therapy (e.g. retinoid
19

). These well 

tested and tried methods are far from satisfactory, for example the use of coal tar for topical 

therapy is not completely safe or fully effective. Available treatment options were reported to 

have undesirable cosmetic appearance and irritations, leading to patient skipped their doses 

especially for long term treatment.
20

 The ideal therapy for psoriasis is yet to be developed and 

implemented with an objective of being more useful and acceptable to patient. A promising 

strategy to overcome these problems includes the development of a suitable drug carrier 

system to achieve controlled and localized delivery of the active drug according to the 

specific therapeutic needs.
21

 

 

Nanoemulsion is a colloidal carrier system containing surfactant, water and oil. Its high 

kinetic stability, low viscosity, and optical transparency make them very useful in many 

dermatological applications.
22

 Nanoemulsions have a very small and uniform-sized droplet, 

usually less than 200 nm, but if the emulsion has low surfactant content and is kinetically 

stable, the size of less than 500 nm can be considered as a nanoemulsion.
23,24

 Their high 

kinetic stability prevents them from separation, sedimentation or creaming.
25

 These properties 
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are highly valuable in the pharmaceutical industry due to good stability, enhanced drug 

solubility and significant effect on topical systems.
26

 Nanoemulsions offer various 

advantages over conventional delivery system such as minimization of drug degradation and 

drug loss, increase drug bioavailability, increase in the fraction of drug accumulation in the 

target area, prevent harmful toxic effects, versatility and flexibility in handling drug with 

better patient’s compliance especially for cosmetic reason.
22 

 

In this review, the conventional formulations for psoriasis treatment are briefly described. 

Nanoemulsion as a potential colloidal carrier system for psoriasis treatment will be discussed 

in detail in the next section. This review also covers a brief explanation on the limitations of 

using other colloidal carriers when compared to nanoemulsions. 

 

2. Pathogenesis of Psoriasis 

 

In general, psoriasis is characterized by four abnormalities: 1. vascular changes where the 

papillary blood vessels become dilated and tortuous, resulting in redness or erythema, a 

hallmark of psoriasis; 2. inflammation where polymorphonuclear leukocytes from the dermal 

vessels enter the epidermis; lesions are also rich in activated CD4
+
 and CD8

+
 T cells that 

release pro-inflammatory cytokines; 3. hyperproliferation of the keratinocytic layer 

(acanthosis); and 4. an altered epidermal differentiation where corneocytes retain their nuclei 

in the cornified layer (parakeratosis) and the granular layer is lost
27

  (Fig. 1). 

 

(Fig.1. Should be placed here) 
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Different types of psoriasis identified depend on the symptom, namely plaque psoriasis, 

guttate psoriasis, inverse psoriasis, erythrodermic psoriasis and pustular psoriasis.
28

 Unlike 

normal skin, the evolution of psoriasis usually relies on their multitude of coherent events 

involving the activation of circulating immune cells and their secreted signalling molecules 

like cytokines, chemokines and growth factors. These further accelerate hyperkeratosis and 

neovascularization in psoriatic skin.
29

 

 

3. Challenges In Topical Treatment of Psoriasis 

 

Stratum corneum is the main barrier in the percutaneous absorption of topically applied 

drugs. During the last decades, colloidal carrier systems such as nanostructure lipid bilayers, 

solid lipid nanoparticles, etc. have been discovered for topical delivery. The successful 

performance of these systems for drug delivery completely depends on their capability to 

penetrate through several barriers of the skin, drug release and their stability in the nanoscale 

size. However, for the topical treatment of psoriasis using drug delivery system, there still 

remain two major challenges. Firstly, the lack of efficient carrier for delivery of anti-psoriatic 

drugs where efficient delivery of antipsoriatic drug depends on variety of physicochemical 

characteristics of the carrier and the active moiety used,
30 

leading to variation in drug 

absorption and the drug efficacy. Secondly, appropriate animal model with completely 

psoriatic condition is lacking for in-vitro and in-vivo studies. Although numerous 

immunological and genetic animal models have been developed, none of these models 

demonstrate all the characteristics of psoriasis with associated limitations. For example, a 

spontaneous mutation model, which characterized as homozygous asebia, flaky skin mice and 

spontaneous chronic proliferative dermatitis mutation displays few pathological 
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characteristics similar to psoriasis like hyperkeratosis and scaly formation but lacks the T-

cells and neutrophils which do not echo psoriatic lesions.
31

 

 

In addition to these major challenges in the development of delivery system for topical 

treatment of psoriasis, there are several more specific issues to be addressed concerning 

antipsoriatic topical products. (1) Psoriatic lesions can have both significantly thickened and 

thinned epidermis. Different morphology of the skin could increase the diversity in drug 

absorption, hence increase challenges in formulation development. (2) Most patients with 

psoriasis feel that the current therapy is either not effective or not aggressive enough. 

Therefore, to develop a new therapy which can be once a day application and shows quick 

response is another challenge. (3) Effective management of psoriasis often requires 

combining therapy to achieve optimal response while minimizing side effects. Therefore, any 

new topical therapy should have the appropriate safety and efficacy when used in 

combination with another topical medication, for example systemic therapy and/or 

phototherapy. (4) New topical formulations must have appropriate cosmetic elegance such as 

ease of use, no potential staining on clothing, bedding, etc., upon the application of rapid 

absorption and less greasy in order to improve patient’s adherence to therapy. (5) The 

formulations which can be used in many areas of the body including the hair-bearing sites are 

preferred by patients with plaque psoriasis. (6) For the various types of therapy and the 

presence of generic products on the market, the competitive costs of any new drugs is the 

most important in influencing the choices of the product.
28,32
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4. Available Form of Antipsoriatic Drugs and Potential Limitation In The Treatment 

of Psoriasis 

 

In this section, we review a few conventional and wide available treatments of psoriasis from 

topical, systemic and photo or radiation therapies. We describe the drugs, method of 

applications, and limitations of the therapies.  

 

4.1 Topical Therapy 

 

Topical therapy is the main psoriasis treatment with more than 50% of patients using it as 

compared to the other therapy.
33 

Antipsoriatic drugs for dermal use are commercially 

available generally in the form of gels, shampoos, creams, ointments or lotions as 

summarized as in Table 1. In plaque psoriasis cases, the most prescribed topical medication 

is from the corticosteroid family such as hydrocortisone, betamethasone, dexamethasone, etc. 

Even though many methods have been offered to deliver corticosteroids, a major problem of 

using this range of drugs is their side effects, which include cutaneous atrophy, development 

of striae, formation of telangiectasia and perioral dermatitis on the face.
47 

Moreover, although 

using topical corticosteroid is highly effective initially, it leads to the development of 

tachyphylaxis problem which is a rapidly diminishing response to successive doses of a drug, 

rendering it less effective with prolonged use.
48

 Besides, this type of steroidal drug would 

cause decolourisation and thinning of the skin followed by easy bruising even with a 

minimum shear.
49

 Thus, it is not suitable for face and also for children.  

 

(Table 1: Should be placed here) 
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Despite the corticosteroid treatment, the use of retinoid as the main active ingredient for 

topical delivery also has been marketed. Commercially, tazarotene can be found in the form 

of cream, gel and foam for psoriasis treatment. Tazarotene gel and cream are available at the 

concentration of 0.05% and 0.1%. However, the use of this retinoid could lead to a local 

cutaneous irritation.
50,51

 As a result, it must be prescribed together with a topical 

corticosteroid in order to overcome the problem. Another type of active ingredient that is also 

available for topical application is the group D analogue such as calcipotriene. But when the 

patients apply a large quantity of the drug, it would lead to hypercalcaemia.
52

 

 

Another example of drug for psoriasis is dithranol or anthralin, which is available 

commercially in a concentration ranging from 0.1 – 2.0% in a cream or ointment base. It is a 

synthetic analogue of the araroba tree extract, chrysarobin, which has long been used 

effectively in combination with UVB phototherapy for treating psoriasis.
53

 Dithranol stains 

skin, clothing, bathtubs and other objects a purple colour, limiting its acceptance by many 

patients. It can also substantially irritate the skin. Despite this negative feature, dithranol 

works well to clear psoriasis and is associated with prolonged remission after discontinuation 

of the medication, ranging from 3.9 to 6.0 months.
54

 Another options for topical therapy is by 

using coal tar. Both dithranol and coal tar treatments would be the least favoured by patients 

due to their unpleasant odour, product migration and local irritation.
55

 
 

 

The use of tacrolimus with salicylic acid as penetration enhancer for topical application has 

been reported.
56

 However, this method seems to be not a favourable treatment since it causes 

a burning and stinging sensations on the applied area. This side effect leads to the peeling of 

the skin layer causing the patients to stop the treatment. Monoolein also has been used as 

penetration enhancer to increase the penetration rate of other psoriatic drug such as 
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cyclosporin to the skin. Unfortunately, this method was found to be not very efficient due to 

the involvement of skin pretreatment which causes an irreversible change to the nature of 

skin.
57

 Hijamah is a traditional technique where the cup will be put on the body, creating a 

vacuum suction in it to collect the stagnant blood from the particular area, was found to show 

a good result in the treatment of psoriasis.
49

 However, hijamah need to be performed in 

aseptic condition by a well-trained Hijamah-physician, and this would be not really practical 

for psoriasis patients. 

 

4.2 Systemic therapy 

 

Systemic therapy includes methotrexate, ciclosporin and antibody therapy. Methotrexate is 

the oldest therapy and one of the most effective treatments. However, it gives a short term 

side effect of bone marrow toxicity which could lead to death.
58

 Another side effect includes 

nausea, aphthous stomatitis and development of megaloblastic anaemia.
48

 Besides, the use of 

methotrexate should be prescribed with caution in the presence other patient’s conditions 

including obesity, diabetes and heavy alcohol intake because of the increase risk of liver 

fibrosis.
59 

 

Clinically, ciclosporin is delivered orally into the patients’ body system. Ciclosporin is 

available in a soft gelatine capsule or oral solution containing emulsion preconcentrates, 

known as Sandimmune


. However study found that this formulations show bile-dependent 

absorption and exhibit significant inter- and intra-patient variability. Thus, a new formulation, 

Neoral


, was developed. Both of these conventional products are targeted to be consumed 

orally. Various adverse side effects such as nephrotoxicity, cardiotoxicity, hypertension and 

hepatotoxicity were observed due to the intake of ciclosporin. 
60,61

 According to Gisondi et 
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al., ciclosporin can induce or worsen arterial hypertension, increase insulin resistance and 

interfere with fatty acid metabolism inducing dyslipidemia and hyperuricemia.
62

  

 

Acitretin is another type of oral retinoid for psoriasis treatment. This oral retinoid therapy 

could cause side effects such as the hair loss of patients, cheilitis (lips cracking), thinning of 

the nail plates, desquamation of the palms and soles and sticky sensation to the skin. 

Meanwhile, the chronic usage would lead to calcification of ligaments and tendons. Research 

found that the systemic therapy would result with more chronic side effects as compared to 

the topical therapy. 

 

4.3 Phototherapy 

 

Photo or light therapy also includes radiation therapy using usually ultraviolet source.
63

 The 

combination of ultraviolet B (UVB) with topical treatment such as tar or emollient is still 

been used in current medication of psoriasis. Broadband UVB is reported to be one of the 

safest treatments for psoriasis. However, it needs to be done at least three times per week for 

several months to see the result.
64

 Narrowband UVB is more effective than the broadband 

UVB phototherapy.
65 

PUVA is another treatment of phototherapy which involves the use of 

psoralen and ultraviolet A. A light-sensitive drug, psoralen absorbs long wavelength 

ultraviolet (UVA) light. Psoralens are either taken orally or applied topically where the 

infected area of patient’s skin will be immersed in water containing 8-methoxypsoralen 

capsules, which is followed exposing this area with the UVA light.
66,67

 Despite its 

effectiveness to clear the symptom to the affected area, it is associated with the development 

of skin squamous cell carcinomas leading to the development of a skin cancer in the thin, flat 
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squamous cells.
48 

Even though PUVA and UVB seem to be effective towards psoriasis 

disease, but the impracticality of its application has been the main issue for many patients.
68 

 

 

5. Nanoemulsions: Novel Colloidal Drug Delivery System For Psoriasis 

 

There has been a growing interest in the use of nanoemulsions as a colloidal drug carrier for 

pharmaceuticals, especially in topical applications. A topical drug delivery system is a system 

that brings a certain drug into the body through contact with the skin as illustrated in Fig. 2. 

Crossing the skin barrier is a challenge for a topical delivery. Penetration of the active drug 

can vary depending on the physicochemical features of the delivery system. Besides, 

selection of a suitable drug delivery system depends on the type of active ingredient, patient 

preference and anatomical sites illnesses.
69 

 

(Fig. 2. Should be placed here) 

 

Nanoemulsions with narrow size distributions, offer several advantages for topical delivery 

with pharmaceutical active ingredients, including controlled droplet size, the ability to 

efficiently dissolve lipophilic drugs, extended release of lipophilic and hydrophilic drugs
70

 as 

well as it can increase the hydration and viscoelasticity of the skin.
71 

Topical drug delivery 

also offers the advantages of patient’s compliance, ease of delivery, avoidance of first-pass 

metabolism, avoidance of the risks and inconveniences of intravenous therapy
72,73

 Because of 

the droplet size of nanoemulsions are very small, by applying topically it can enhanced the 

drug permeation as compared to other topical treatment (Table 2). 
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(Table 2: Should be placed here) 

 

Other advantage of topical drug delivery is refer to their efficacy, which the lower daily dose 

of the drug by continuous drug input avoids fluctuations in drug levels.
80

 Topical medication 

is an alternative to the oral medication
 
and it can be easily removed in case of poisoning.

 81,82
 

Topical medication also suitable for self-medication, which will potentially reduce the cost of 

treatment.
83

 Apart from these advantages, there are several disadvantages of topical drug 

delivery system including skin irritation or contact dermatitis and poor skin permeation,
 
due 

to the large hydrophilic molecules specifically in emulsion.
84 

In fact, the outer layer of skin 

(stratum corneum) is the main stronghold against drug penetration to the deeper layers of the 

skin.
85

  

 

Other alternatives such as liposome, niosome, nanostructured lipid carriers (NLC), ethosomes 

and solid lipid nanoparticle (SLN) could be used for safe and effective delivery of 

antipsoriatic drugs.
86

 However, these have their limitations as listed in Table 3. Novel topical 

drug delivery systems aim for better therapeutic benefits of existing drugs, as well as safe and 

effective delivery of new medicines to meet the body's need, particularly for psoriasis 

patients.
87

 Nanoemulsions are well characterized and are a promising topical drug delivery 

system for patients with psoriasis. Considering the benefits, there have been recent attempts 

to use nanoemulsions to improve existing topical drug formulations to treat psoriasis. In fact, 

a number of studies about nanoemulsions as topical delivery of antipsoriatic drugs have been 

reported. Nanoemulsions have improved topical delivery properties in vitro, in vivo and in the 

transdermal permeation of antipsoriatic drugs (e.g. 5-aminolevulinic acid
88

 and paclitaxel
89

) 

over the conventional topical formulations such as liposome
90

 and ethosome.
91 
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(Table 3: Should be placed here) 

 

Nanoemulsions increase the efficiency of any drugs or other molecules in the droplets to 

cross biological membranes, including the skin. For example, the topical delivery of 

betamethasone dipropionate using nanoemulsions has been reported. Shrestha et al. 

developed a hydrogel-thickened nanoemulsion (HTN) that offers long-term stability, and is a 

promising formulation for treating psoriasis.
97

 Furthermore similar research on other HTN 

formulation was developed for belcomethasone dipropionate,
98

 and was prepared by aqueous 

phase-titration. As a result, the optimized formulation was characterized by small particle 

diameter, indicating long-term stability. Moreover, the permeation study indicated that the 

nanoemulsion gel increased the flux and permeability coefficient as compared to the 

marketed gel. 

 

6. Components In The Topical Nanoemulsion Formulations For Antipsoriatic Drugs 

 

A nanoemulsion contains oil, surfactant and water in specific proportions. The selection of a 

suitable oil, surfactant and/ or co-surfactant to improve the topical permeation of antipsoriatic 

drugs is not trivial. It involves several factors, such as the kind of delivery system used, and 

the nature and concentration of active ingredients and excipients. Besides, the components 

need to be pharmaceutically acceptable, non-irritating, non-sensitizing to the skin and fall 

into the generally regarded as safe category (GRAS). Higher solubility of the drug in the 

oil phase at room temperature is another important criterion, as it would help the 

nanoemulsion to maintain the drug in its solubilized form even at body temperature. 
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6.1  Selection of oil phase 

 

Generally, saturated and unsaturated fatty acids/fatty acid esters can be used as effective 

penetration enhancers for a variety of drugs such as ketoprofen,
99

 ibuprofen,
100,101

 

lornoxicam,
102

 piroxicam
103

 and chloramphenicol.
104

 Fatty acids enhancers with a saturated 

alkyl chain of C10-C12 and a polar head group such as squalene, which is derived from 

vegetable oil
105-107 

and enhancers with an unsaturated C18 alkyl chain such as oleic acid
108

 

and linoleic acid
109,110 

can be used as an oil phase in nanoemulsion systems. 

 

Nanoemulsion has the potential to improve the skin permeability of antipsoriatic drugs. Most 

of the antipsoriatic drugs possess high oil solubility and has a log P value of 3, which makes 

it suitable for being capsulated in emulsion.
111

 Different types of oils has been investigated 

for their oil phase suitability in the antipsoriatic drug-loaded nanoemulsion system. A study 

by Ali et al. showed that Eucalyptus oil, which comes from a fast-growing evergreen tree 

native to Australia has excellent solubility and can enhance the skin permeation of 

beclomethasone dipropionate.
112

 Likewise, Ghai and Sinha showed that triacetin has the 

maximum solubilization of talinolol.
113

 Other compounds that are often used as an oil phase 

and as a permeation enhancer in emulsions for the topical delivery of antipsoriatic drugs are 

isopropyl myristate
114,115

 and other natural oils such as soybean oil,
116

 rice bran oil
117

 and 

olive oil.
118 

 

Ali et al. investigated microemulsion system of babchi oil (Psoralea corylifolia) for the 

treatment of psoriasis, which improved permeation of the drug through the skin and increased 

patient compliance.
119

 Babchi oil is used because its chief constituent psoralen is a 

photoactive furocoumarin that binds to DNA when exposed to UV light to form 
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photoproducts with a pyrimidine base. This action inhibits DNA synthesis and causes a 

decrease in cell proliferation.
120 

 

6.2  Selection of surfactant 

 

The most important factor in the study of emulsion system is the selection of an appropriate 

surfactant which will efficiently emulsify or solubilize the chosen active ingredients in order 

to enhance the permeation of drugs.
121,122

 There are four types of surfactants which could be 

used for the treatment of psoriasis: cationic,
123

 anionic,
124

 zwitterionic
125

 and nonionic
126

 

surfactants. Nonionic surfactants are generally considered to be less irritating than ionic 

surfactants. They are also well known for their good biological acceptance
127,128

 as well as 

insensitivity to electrolyte concentration and pH.
129

 The hydrophilic- lipophilic balance 

( HLB) value has been proven to be very useful in choosing the best type of nonionic 

surfactant for any given oil phase. An important criterion for the selection of a nonionic 

surfactant is that the required HLB value to form nanoemulsions is greater than 10. Indeed, 

the right blend of low and high HLB surfactants leads to the formation of a stable 

nanoemulsion formulation.
130 

 

Surfactants are well known as skin penetration enhancers of drugs.
131

 Either alone or in the 

form of micro or nanoemulsions, they were reported to enhance skin permeation of drugs by 

enhancing skin permeability and solubility.
132,133

 The ethylene oxide-based surfactant is the 

most extensively investigated surfactant used in the treatment of psoriasis. For example, 

Tween 80 with HLB value of 15.0 was reported to accelerate fluticasone propionate,
134

 

tretinoin,
135

 acitretin
136

 and dithranol
137

 permeation, whereas, Tween 20 (HLB value of 13.0) 

enhanced the betamethasone dipropionate and clobetasol propionate infusion in psoriasis.
138-
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141
 Besides, the surfactant also improved the permeation of 5-flourouracil (used in cancer 

treatment) in a study with hairless mice.
142

 

 

Vilasau et al. claimed that the mixture of surfactants could improve the stability of the 

emulsion system.
143

 The mixture of Tween 20/Tween 80 and Span 80/Tween 80 has been 

proven to enhance the solubility of dithranol
137

 and 8-methoxsalen,
144

 respectively. The 

stability of emulsions can be related to two factors: (a) the chemical compatibility of 

hydrophilic head and tail groups and (b) better HLB value. Span 80 and Tween 80 possess an 

oleate-chain with 18 carbon atoms and one unsaturated bond, leading to a more stable O/W 

interface layer and subsequently higher emulsion stability. In comparison, Tween 20 has 

saturated laurate-chains with only 12 carbon atoms. Additionally, Tween 20 has a 

considerably higher HLB value than Tween 80.
145 

 

Investigations of glycolipids as nonionic surfactants in emulsions have been conducted since 

1993. Alkyl polyglycosides (APGs) which are made from renewable raw materials, namely 

glucose and fatty alcohols, have an outstanding biodegradability, non-toxic, excellent skin- 

and environmental-tolerability and also have proven performance as surfactants in skincare 

products.
146-148

 Microemulsions for use in colloidal drug delivery for diphenhydramine 

(DPH) using glycolipid (namely n-hexadecyl-β-D-triethylenglycol-glucopyranosid) as a 

surfactant or penetration enhancer was first reported.
149

 The results showed that 

microemulsions containing glycolipid enhanced the penetration of DPH across the human 

breast skin. Recently, other glycolipids e.g. the branched-chain glycolipids have been used in 

a nanoemulsion system and was the potential enhancer for drug delivery system as compared 

to the formulation, which content the medium chain triglyceride only.
150 
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6.3  Selection of co-surfactant 

 

Typically, short chain alcohols are used as co-surfactants to modify the curvature and fluidity 

of the interfacial film, leading to the decrease of interfacial tension. Ethanol
151

 and 1-

butanol
152

 were reported to decrease the fluidity of the interfacial film, which consequently 

reduce the apparent viscosity and increase the stability of the systems.
153

 In fact, co-

surfactants increase the maximum amount of incorporated water in the oil–surfactant system 

as compared to the co-surfactant free system. There have been investigations of the influence 

of co-surfactant on the transdermal delivery of hydrocortisone
154

 and curcumin.
155

 The 

studies show that ethanol produced the greatest enhancement in transdermal delivery 

followed by propylene glycol and isopropanol as compared to a co-surfactant free system. 

Besides, 1,2-alkanediols, especially 1,2-pentylene glycol was reported to enhance the 

penetration effects of dihydroavenanthramide D
156

 and linoleic acid
157

 which are used in the 

treatment of keloids and xerosis, respectively. 1,2-hexanediol, 1,2-butanediol, 1,2-ethanediol 

and glycerol can also be used as co-surfactants.
158 

 

7. Preparation of Nanoemulsions 

Five methods may be applied for the preparation of nanoemulsions (covering the droplet radius 

size ranging from 50–200 nm)
159 

namely, use of high pressure homogenisers;
160-162

 

microfluidization;
163-165

  phase inversion composition (PIC);
167-169

 phase inversion temperature 

(PIT)
170,171

 and dilution of microemulsion.
172,173 
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7.1 Use of High Pressure Homogenisers 

 

The production of small droplets (submicron) requires the application of high energy.  Simple 

calculations show that the mechanical energy required for emulsification exceeds the interfacial 

energy by several orders of magnitude.  For example to produce an emulsion at φ = 0.1 with 

droplet diameter, d32 = 0.6 µm, using a surfactant that gives an interfacial tension γ = 10 mNm
-1

, 

the net increase in surface free energy is Aγ = 6φγ/d32 = 10
4
 Jm

-3
. The mechanical energy 

required in a homogeniser is 10
7
 Jm

-3
, i.e. an efficiency of 0.1% ; The rest of the energy (99.9%) 

is dissipated as heat. The intensity of the process or the effectiveness (p) in making small 

droplets is often governed by the net power density (ε(t)) as illustrated above 

 where t  is the time during which emulsification occurs. 

Break up of droplets will only occur at high ε values, which means that the energy dissipated at 

low ε levels is wasted.  Batch processes are generally less efficient than continuous processes.  

This shows why with a stirrer in a large vessel, most of the applied energy at low intensity is 

dissipated as heat.  In a homogeniser, p is simply equal to the homogenizer pressure. 

 

Several procedures may be applied to enhance the efficiency of emulsification when producing 

nanoemulsions: one should optimise the efficiency of agitation by increasing the interfacial 

dilational modulus, ε and decreasing the dissipation time. The emulsion is preferably prepared 

at high volume faction of the disperse phase and diluted afterwards.  However, a very high φ 

value may result in the coalescence during emulsification.  High amount of surfactant will create 

a smaller effective interfacial tension, γeff and this will possibly diminishes recoalescence.  The 

 dt (t)   =   p ε  1 
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usage of surfactant mixture instead of single surfactant shows more reduction in γ the individual 

components. If possible dissolve the surfactant in the disperse phase rather than the continuous 

phase; this often leads to smaller droplets.  It may be useful to emulsify in steps of increasing 

intensity, particularly with emulsions having highly viscous disperse phase. 

 

7.2 Microfluidization 

 

Microfluidization uses a high-pressure positive displacement pump operating at very high 

pressures (500 - 20,000 psi), which forces the product through the interaction chamber, 

consisting of small channels called micro-channels. The product flows through the micro-

channels resulting in very fine particles of submicron range. The aqueous phase and the oily 

phase were combined together and processed in an inline homogenizer to yield a coarse 

emulsion. The coarse emulsion is introduced into a microfluidizer where it is further 

processed to obtain a stable nanoemulsion. The coarse emulsion is passed through the 

interaction chamber of the microfluidizer repeatedly until the desired particle size is obtained. 

The bulk emulsion is then filtered through a filter under nitrogen to remove large droplets 

resulting in a uniform nanoemulsion. For example, a study to produce oil-in-water 

nanoemulsion containing aspirin has been reported. The results showed that microfluidization 

were capable of producing very fine nanoemulsions with the minimum droplet size ranging 

from 150 to 170 nm.
174 

 

7.3 Phase Inversion Composition (PIC)  

 

A study of the phase behaviour of water/oil/surfactant systems demonstrated that emulsification 

can be achieved by three different low energy methods. (A) A stepwise addition of oil to a water 
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surfactant mixture.(B) A stepwise addition of water to a solution of the surfactant in oil. (C) 

Mixing all the components in the final composition and pre-equilibrating the samples prior to 

emulsification. For example, the system containing water/Brij 30/decane was chosen as a model 

to obtain O/W emulsions. The results showed that nano-emulsions with droplet sizes of the 

order of 50 nm were formed only when water was added to mixtures of surfactant and oil 

(method B) whereby inversion from W/O emulsion to O/W nano-emulsion occurred.
175 

 

7.4  Phase Inversion Temperature (PIT) 

 

Phase inversion in emulsions can be one of two types.  The first type is the transitional inversion 

induced by changing factors which affect the HLB of the system, e.g. temperature and/or 

electrolyte concentration. While another one is the catastrophic inversion which is induced by 

increasing the volume fraction of the disperse phase. Transitional inversion can also be induced 

by changing the HLB number of the surfactant at constant temperature using surfactant 

mixtures. For application of the phase inversion principle one uses the transitional inversion 

method using nonionic surfactants of the ethoxylate type. These surfactants are highly dependent 

on temperature, becoming lipophilic with increasing temperature due to the dehydration of the 

polyethyleneoxide chain. When an O/W emulsion is prepared using a nonionic surfactant of the 

ethoxylate type is heated, then at a critical temperature (the PIT), the emulsion inverts to a W/O 

emulsion.
176

 At the PIT the droplet size reaches a minimum and the interfacial tension also 

reaches a minimum. However, the small droplets are unstable and they coalesce very rapidly.  

By rapid cooling of the emulsion (temperature 2 - 4
o
C below the PIT), very stable and small 

emulsion droplets could be produced, which due to the changes in curvature H of the interfacial 

region, as the system changes from O/W to W/O. For O/W system and normal micelles, the 

monolayer curves towards the oil and H is given a positive value. For a W/O emulsions and 
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inverse micelles, the monolayer curves towards the water and H is assigned a negative value.  At 

the inversion point (HLB temperature) H becomes zero and γ reaches a minimum.
173 

 

7.5  Dilution of Microemulsions  

 

The simplest technique of preparing the nanoemulsion is through the spontaneous method, by 

stirring the emulsion mixture directly without involving any higher energy of emulsification. 

The conversion of microemulsion to nanoemulsion could also be promoted by the dilution of 

microemulsion with another material.
172

 Normally the nanoemulsion can be formed by diluting 

the O/W microemulsion with water.
173

 During this process, a part of the surfactant and/or 

cosurfactant diffuses to the aqueous phase.  The microdroplets are no longer thermodynamically 

stable and consequently lead to the formation of a nanoemulsion. In contrast, the W/O 

microemulsion system reacts differently when diluted with water. The resulting nanoemulsion 

depends on the starting composition of the microemulsion. In addition, Pons et al. also reported 

that the dilution of the W/O microemulsion with water always gives a bigger droplet size 

compared to those produced by dilution of the O/W microemulsion.
177 

In another dilution 

method of the microemulsion, alcohol is used as the cosurfactant.
178

 In this case alcohol would 

diffuse from the oil into the aqueous phase causing the system to become no longer 

thermodynamically stable. The surfactant concentration in this system is not sufficiently high to 

sustain a stable minimum value of the droplet interfacial tension (γ < 10
-2

 Nm
-1

), thus converting 

the system to a nanoemulsion.
179
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8. Steric Stabilisation and the Role of the Adsorbed Layer Thickness   

 

Since most nanoemulsions are prepared using nonionic and/or polymeric surfactants, it is 

necessary to consider the interaction forces between droplets containing adsorbed layers (Steric 

Stabilization).
180

 When two droplets each containing an adsorbed layer of thickness δ approach 

to a distance of separation h, whereby h becomes less than 2δ, repulsion occurs as result of two 

main effects:
 
(i) Unfavourable mixing of the stabilizing chains A of the adsorbed layers, when 

these are in good solvent conditions.  This is referred to as the mixing (osmotic interaction, Gmix, 

and is given by the following expression, 

where k is the Boltzmann constant, T is the absolute temperature, V1 is the molar volume of the 

solvent, φ2 is the volume fraction of the polymer (the A chains) in the adsorbed layer and χ is the 

Flory-Huggins (polymer-solvent interaction) parameter. It can be seen that Gmix depends on 

three main parameters:  the volume fraction of the A chains in the adsorbed layer (the more 

dense the layer is the higher the value of Gmix).  The Flory Huggins interaction parameter χ (for 

Gmix to remain positive, i.e. repulsive, χ should be lower than 1/2).  The adsorbed layer thickness 

δ (ii) Reduction in configurational entropy of the chains on significant overlap - This referred to 

as elastic (entropic) interaction and is given by the expression, 
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where v2 is the number of chains per unit area, Ω(h) is the configurational entropy of the chains 

at a separation distance h and Ω(∞) is the configurational entropy at infinite distance of 

separation. Combination of Gmix, Gel with the van der Waals attraction GA gives the total energy 

of interaction GT, 

Fig.3 gives a schematic representation of the variation of Gmix, Gel, GA and GT with h. Gmix 

increases very rapidly with decrease of h as soon as h < 2δ, Gel increase very rapidly with 

decrease of h when h < δ.  GT shows one minimum, Gmin, and it increases very rapidly with 

decrease of h when h < 2δ.  The magnitude of Gmin depends on the following parameters:  The 

particle radius, R, the Hamaker constant, A, and the adsorbed layer thickness, δ.    

 

(Fig.3. Should be placed here) 

 

As an illustration, Fig.4 shows the variation of GT with h at various ratios of δ/R.  It can be seen 

from Fig.4 that the depth of the minimum decrease with increasing δ/R.  This is the basis of the 

high kinetic stability of nano-emulsions.  With nano-emulsions having a radius in the region of 

50 nm and an adsorbed layer thickness of say 10 nm, the value of δ/R is 0.2.  This high value 

(when compared with the situation with macroemulsions where δ/R is at least an order of 

magnitude lower) results in a very shallow minimum (which could be less than kT). 

 

(Fig.4. Should be placed here) 

 

The above situation results in very high stability with no flocculation (weak or strong).  In 

addition, the very small size of the droplets and the dense adsorbed layers ensures lack of 

 G + G + G   =   G AelmixT  4 
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deformation of the interface, lack of thinning and disruption of the liquid film between the 

droplets and hence coalescence is also prevented.
181 

 

9. Conclusions 

 

Although significant progress has been made in understanding the mechanism of action of 

psoriasis and in identifying effective treatments, the search for the optimal treatment strategy 

for psoriasis still remains a major challenge. Many topical treatments are available for the 

treatment of psoriasis, but there is a lack of uniformity of approach which is acceptable for 

moderate to severe psoriasis. Psoriasis is a lifelong disease which causes the patients to have 

a continuous medication treatment. Thus, there is an urgent need to widen the medication 

prescription and always try to improve the treatment research, no matter from whichever 

methods, drugs used or the delivery therapy perspective. In addition, there is still no available 

treatment for psoriasis which is safe, effective, patient’s compliance and affordable to 

completely cure the disease.  

 

Nanoemulsions, as one of a novel carrier obviously have the potential to overcome many 

challenges associated with topical antipsoriatic therapy. This vehicle could possibly provide a 

better option in topical psoriasis treatment. Not only on how nanoemulsions prepared, but it 

depends on the active ingredients used and the selection of oil could as well enhance the 

efficiency of topical treatment towards psoriasis. A good combination of both active and 

suitable oils would result a better treatment and better effect. It helps patients to be more 

comfortable and confident with their own body. Hence, the psychosocial problem could be 

overcome.    

 

Page 25 of 56 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



Acknowledgement 

 

Financial support by the UM.C/HIR/MOHE/SC/11 grant and University of Malaya are 

gratefully acknowledged.  

Page 26 of 56RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

References 

1 K. Reich, K. Kruger, R. Mossner and M. Augustin, Epidemiology and clinical pattern 

of psoriatic arthritis in Germany: a prospective interdisciplinary epidemiological 

study of 1511 patients with plaque-type psoriasis, British J. Dermatol, 2009, 160, 

1040–1047. 

2 L. S. Winterfield, A. Menter, K. Gordon, and A. Gottlieb, Psoriasis treatment: current 

and emerging directed therapies, Ann. Rheum. Dis, 2005, 64, 87-90.  

3 W. H. Boehncke and M. P. Schön, Animal models of psoriasis. Clin Dermatol, 2007, 

25(6), 596-605. 

4 F. Sampogna, S. Tabolli and D. Abeni, Living with psoriasis: prevalence of shame, 

anger, worry and problems in daily activities and social life, Acta. Derm. Venereol, 

2012, 92, 299-303. 

5 A. W. Armstrong, C. Schupp, J. Wu and B. Bebo, Quality of Life and Work 

Productivity Impairment among Psoriasis Patients: Findings from the National 

Psoriasis Foundation Survey Data 2003–2011, PloS one, 2012,  7, e52935. 

6 S. C. Weiss, A. B. Kimball, D. J. Liewehr, A. Blauvelt, M. L. Turner and E. J. 

Emanuel, Quantifying the harmful effect of psoriasis in health-related quality of life, 

J. Am. Acad. Dermatol, 2002, 47, 512-518.  

7 A. B. Kimball, U. Gieler, D. Linder, F. Sampogna, R. B. Warren and M. Augustin, 

Psoriasis: is the important to a patient’s life cumulative?, J. Eur. Acad. Dermatol. 

Venereol, 2010, 24, 989-1004. 

8 R. S. Azfar, N. M. Seminara, D. B. Shin, A. B. Troxel, D. J. Margolis and J. M. 

Gelfand, Increased risk of diabetes mellitus and likelihood of receiving diabetes 

mellitus treatment in patients with psoriasis, Arch. Dermatol, 2012, 148, 995-1000. 

9 Y. Wu, D. Mills and M. Bala, Psoriasis: cardiovascular risk factors and other disease 

comorbidities, J. Drugs Dermatol, 2008, 7, 373-377. 

Page 27 of 56 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

10 P. Gisondi and G. Girolomoni, Cardiometabolic comorbidities and the approach to 

patients with psoriasis, Actas. Dermosifiliogr, 2009, 100, 14-21. 

11 A. S. Paller, K. Mercy, M. J. Kwasny, S. E. Choon, K. M. Cordoro and G. 

Girolomoni, A. Menter, W. L. Tom, A. M. Mahoney, A. M. Oostveen and M. M. B. 

Seyger,  Association of pediatric psoriasis severity with excess and central adiposity: 

an international cross-sectional study, JAMA Dermatol, 2013, 149, 166-176. 

12 M. Augustin, G. Glaeske, M.A. Radtke, E. Christophers, K. Reich and I. Schäfer, 

Epidemiology and comorbidity of psoriasis in children. British J Dermatol, 2010, 

162(3), 633-636. 

13 M. Icen, C. S. Crowson, M. T. McEvo, F. J. Dann, S. E. Gabriel and H. Maradit 

Kremers. Trends in incidence of adult-onset psoriasis over three decades: a 

population-based study, J. Am. Acad. Dermatol, 2009, 60, 394-401. 

14 E. Christophers, S. Segaert, G. Milligan, C. T.  Molta and R. Boggs, Clinical 

improvement and satisfaction with biologic therapy in patients with severe plaque 

psoriasis: results of a European cross-sectional observational study, J. Dermatol. 

Treat, 2012, 24, 193-198.  

15 G. P. Thami and R. Sarkar, Coal tar: past, present and future. Clin. Exp. Dermatol, 

2002, 27, 99–103. 

16 K.  Raza, O. P. Katare, A. Setia, A. Bhatia and B. Singh, Improved therapeutic 

performance of dithranol against psoriasis employing systematically optimized 

nanoemulsomes, J. Microencap, 2013, 30, 225-236. 

17 M. Kucharekova, L. Lieffers, P. C. M. Van De Kerkhof and P. G. M. Van Der Valk, 

Dithranol irritation in psoriasis treatment: a study of 68 inpatients, J. Eur. Acad. 

Dermatol. Venereol, 2005, 19, 176–179. 

18 L. Kircik, J. Bagel, N. Korman, A. Menter, C. A. Elmets, J. Koo, Y. C. Yang, C. F. 

Chiou, F. Dann and S. R. Stevens, Utilization of narrow-band ultraviolet light B 

Page 28 of 56RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

therapy and etanercept for the treatment of psoriasis (UNITE): efficacy, safety, and 

patient-reported outcomes, J. Drugs Dermatol, 2008, 7, 245-253. 

19 R. B. Warren and C. E. M. Griffiths, Systemic therapies for psoriasis: methotrexate, 

retinoids, and cyclosporine, Clin. Dermatol. 2008, 26, 438–447. 

20 C. R. Bruner, S. R. Feldman, M Ventrapragada, A. B. Fleischer, A Systematic Review 

of Adverse Effects Associated with Topical Treatments for Psoriasis, Dermatol. 

Online J, 2003, 9 (1): 2. 

21 R. H. Muller and C. M. Keck, Challenges and solutions for the delivery of biotech 

drugs – a review of drug nanocrystal technology and lipid nanoparticles, J. Biotech, 

2004, 113, 151–170. 

22 C. Puglia, L. Rizza, M. Drechsler and F. Bonina, Nanoemulsions as vehicles for 

topical administration of glycyrrhetic acid: Characterization and in vitro and in vivo 

evaluation, Drug Del, 2010, 17, 123-129. 

23 C. Solans, P. Izquierdo, J. Nolla, N. Azemar and M. J. G. Celma,  Nanoemulsions, 

Curr. Opin. Coll. Inter. Sci, 2005, 10, 102-110. 

24 S. M. Jafari, Y. He and B. Bhandari, Optimization of nano-emulsions production by 

microfluidization. Euro Food Res Tech, 2007, 225(5-6), 733-741. 

25 N. Uson, M. J. Garcia and C. Solans, Formation of water-in-oil (W/O) nanoemulsions 

in a water/mixed non-ionic surfactant/oil systems prepared by a low- energy 

emulsification method, Coll. Surf. A, 2005, 250, 415–421. 

26 S. Baboota, F. Shakeel, A. Ahuja, J. Ali and S. Shafiq, Design, development and 

evaluation of novel nanoemulsion formulations for transdermal potential of celecoxib. 

Act pharma, 2007, 57(3), 315-332. 

27 C. E. M Griffiths and J. N. W. N. Barker, Pathogenesis and clinical features of 

psoriasis, The Lancet, 2007, 370, 263-271. 

Page 29 of 56 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

28 A. Mitra and Y. Wu, Topical delivery for the treatment of psoriasis, Exp Opin Drug 

Del, 2010, 7 (8), 977-992. 

29 S. P. Chaturvedi and V. Kumar, A Review on Disease Management and Drug 

Delivery Aspects in Psoriasis, Curr Trends in Tech Sci, 2012, 1, 122-125. 

30 M. Rahman, S. Akhter, J. Ahmad, M.Z. Ahmad, S. Beg and F.J. Ahmad, 

Nanomedicine-based drug targeting for psoriasis: potentials and emerging trends in 

nanoscale pharmacotherapy, Exp Opin Drug Del, 2015, 12(4), 635-652. 

31 O. Boyman, H.P. Hefti, C. Conrad, B.J. Nickoloff, M. Suter and F.O. Nestle, 

Spontaneous development of psoriasis in a new animal model shows an essential role 

for resident T cells and tumor necrosis factor-α. J Exp Med, 2004, 199(5), 731-736. 

32 R. B. Warren, B. C. Brown and C. E. M. Griffiths, Topical treatments for scalp 

psoriasis. Drugs, 2008, 68(16), 2293-2302. 

33 A. G. Burroni, M. Fassino, A. Torti and E. Visentin, How do disease perception, 

treatment features, and dermatologist–patient relationship impact on patients 

assuming topical treatment? An Italian survey. Patient related outcome measures, 

2015, 6, 9. 

34 D. M. Ashcroft, A. L. W. Po, H. C. Williams and C. E. M. Griffiths, Cost-

Effectiveness Analysis of Topical Calcipotriol versus Short-contact Dithranol, 

PharmacoEconomics, 2000, 18, 469-476. 

35 M. R. Klaber and C. McKinnon, Calcipotriol (Dovonex) scalp solution in the 

treatment of scalp psoriasis: comparative efficacy with 1% coal tar/1% coconut 

oil/0.5% salicylic acid (Capasal) shampoo, and long-term, J. Dermatol. Treat., 2000, 

11, 21-28. 

36 T. Poyner, Current Management of Psoriasis, J. Dermatol. Treat., 1997, 8, 27-55. 

Page 30 of 56RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

37 H. Catriona, Recognising and treating bacterial cutaneous infections, Dermatol. 

Nursing, 2011, 10, 26-32. 

38 B. Monk, R. Mason, C. Munro and C. Darley, An open and single-blind comparative 

assessment of unguentum cocois compound in the treatment of psoriasis of the scalp, 

J. Dermatol. Treat, 1995, 6, 159-161. 

39 J. Lambert and C. Trompke, Tacalcitol Ointment for Long-Term Control of Chronic 

Plaque Psoriasis in Dermatological Practice, Dermatol, 2002, 204, 321–324. 

40 P. E. Hutchinson, R. Marks and J. White, The Efficacy, Safety and Tolerance of 

Calcitriol 3 µg/g Ointment in the Treatment of Plaque Psoriasis: A Comparison with 

Short-Contact Dithranol, Dermatol, 2000, 201, 139–140. 

41 R. G. B. Langley, A. Gupta, K. Papp, D. Wexler, M. L. Osterdal and D. Curcic, 

Calcipotriol plus betamethasone dipropionate gel compared with tacalcital ointment 

and the gel vehicle alone in patients with psoriasis vulgaris: A randomize, controlled 

clinical trial, Dermatol., 2011, 222, 148-156. 

42 C. H. Smith, K. Jackson, S. Chinn, K. Angus and J. N. W. N. Barker, A double blind, 

randomized, controlled clinical trial to assess the efficacy of a new coal tar 

preparation (Exorex) in the treatment of chronic, plaque type psoriasis, Clin. Exp. 

Dermatol, 2008, 25, 580–583. 

43 A. Wulff-Woesten, D. Ohlendorf, B. M. Henz and N. Haas, Dithranol in an 

Emulsifying Oil Base (Bio-Wash-Oil) for the Treatment of Psoriasis of the Scalp, 

Skin Pharmacol Physiol., 2004, 17, 91–97. 

44 T. Markham, Current approaches to the treatment of psoriasis, Prescriber, 2007, 18, 

42–54. 

45 V. Onselen, Prescribing for mild-to-moderate psoriasis in adults, Nurse Prescribing, 

2012, 10, 582 – 589. 

Page 31 of 56 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

46 R. Saraceno, G. Camplone, M. D'Agostino, C. D. Simone, A. D. Cesare, G. Filosa, P. 

Frascione, M. Gabellini, F. Lunghi, A. Mazzotta, K. Peris, G.S.D. Luzio, M. 

Simonacci and S. Chiment, Efficacy and maintenance strategies of two-compound 

formulation calcipotriol and betamethasone dipropionate gel (Xamiol® gel) in the 

treatment of scalp psoriasis: results from a study in patients, J. Dermatol. Treat, 2003, 

25, 30-33. 

47 E. Mooney, M. Rademaker, R. Dailey, B. S. Daniel, C. Drummond, G. Fischer,... and 

D. Orchard, Adverse effects of topical corticosteroids in paediatric eczema: 

Australasian consensus statement. Australasian Journal of Dermatology, 2015. 

48 M. Lebwohl, P. T. Ting and J. Y. M. Koo, Psoriasis treatment: traditional therapy, 

Ann. Rheum. Dis, 2015, 64, 83-86. 

49 I. A. Malik, S. Akhter and M. A. Kamal, Treatment of psoriasis by using Hijamah: A 

case report, Saudi J Biol Sci, 2015, 22, 117-121. 

50 B. Yu, P. Ma, L. Yuan, D. Chen and J. Yang, Evaluation of change in the skin 

concentration of tazarotene and betamethasone dipropionate based on drug-drug 

interaction for transdermal drug delivery in miniature pig. Xenobiotica, 2014, (0), 1-5. 

51 A. Thielitz, H. P. M. Gollnick, Topical Retinoids, Pathoge Treat Acne Rosacea, 2014. 

425-433. 

52 S. Field and J. A. Newton-Bishop, Melanoma and vitamin D. Molecular Oncology, 

2011, 5(2), 197-214. 

53 U. Agrawal, M. Gupta and S. P. Vyas, Capsaicin delivery into the skin with lipidic 

nanoparticles for the treatment of psoriasis, Artificial cells, nanomedicine, and 

biotechnology, 2015, 43, 33-39. 

54 C. Rogalski, S. Grunewald, M. Schetschorke, M. O. Bodendorf, F. Kauer, J. C. Simon 

and U. Paasch, Treatment of plaque-type psoriasis with the 308 nm excimer laser in 

combination with dithranol or calcipotriol. Int J Hypertherm, 2012, 28(2), 184-190. 

Page 32 of 56RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

55 V. N. Sehgal, P. Verma and A. Khurana, Anthralin/dithranol in dermatology. Int J 

Dermatol, 2014, 53(10), e449-e460. 

56 C. L. Carroll, J. Clarke, F. Camacho, R. Balkrishnan and S. R. Feldman, Topical 

tacrolimus ointment combined with 6% salicylic acid gel for plaque psoriasis 

treatment, Arch. Dermatol, 2005, 141, 34-46.  

57 L. B. Lopes, J. H. Collett and M. V. L. B. Bentley, Topical delivery of cyclosporine 

A: an in vitro study using monoolein as a penetration enhancer, Eur. J. Pharm. 

Biopharm, 2005, 60, 25-30. 

58 K. R. Georgiou, M. A. Scherer, C. M. Fan, J. C. Cool, T. J. King, B. K. Foster and C. 

J. Xian, Methotrexate chemotherapy reduces osteogenesis but increases adipogenic 

potential in the bone marrow. J Cellular Physiology, 2012, 227(3), 909-918. 

59 P. Rosenberg, H. Urwitz, A. Johannesson, A. M. Ros, J. Lindholm, N. Kinnman and 

R. Hultcrantz, Psoriasis patients with diabetes type 2 are at high risk of developing 

liver fibrosis during methotrexate treatment, J. Hepatol, 2007, 46, 1111-1118.  

60 C. Bistrup, Effect of grapefruit juice on Sandimmun Neoral absorption among stable 

renal allograft recipients, Nephrol. Dial. Transplant. 2001, 16, 373-377. 

61 R. Rezzani, B. Buffoli, L. Rodella, A. Stacchiotti and R. Bianchi Protective role of 

melatonin in cyclosporine A-induced oxidative stress in rat liver. Int. 

Immunopharmacol. 2005, 5, 1397-1405. 

62 P. Gisondi, S. Cazzaniga, S. Chimenti, A. Giannetti, M. Maccarone, M. Picardo, G. 

Girolomoni, L. Naldi and Psocare, Metabolic abnormalities associated with initiation 

of systemic treatment for psoriasis: evidence from the Italian Psocare Registry, J. Eur. 

Acad. Dermatol. Venereol. 2013, 27, 30-41. 

63 A. Kawada, Evolution of targeted phototherapy for psoriasis. Expert Rev Dermatol, 

2013, 8(6), 623-629. 

Page 33 of 56 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

64 M. Huynh, M. G. Debbaneh, E. C. Levin and J. Y. Koo, The Art and Practice of UVB 

Phototherapy and Laser. Moderate to Severe Psoriasis, 2014, 67, CRC Press. 

65 T. R. Coven, L. H. Burack, R. Gilleaudeau, M. Keogh, M. Ozawa and J. G. Krueger, 

Narrowband UV-B produces superior clinical and histopathological resolution of 

moderate-to-severe psoriasis in patients compared with broadband UV-B, Arch. 

Dermatol, 1997, 133, 1514-1522. 

66 T. R. Coven, I. B. Walters, I. Cardinale and J.G. Krueger, PUVA induced lymphocyte 

apoptosis: mechanism of action in psoriasis, Photodermatol. Photoimmunol. 

Photomed. 1999, 15, 22-27.  

67 H. Gorham, Treatment of psoriatic anthropathy by PUVA, Physiotherapy, 1980, 66, 

40. 

68 S. G. Chappe, H. H. Roenigk, A. J. Miller, D. E. Beeaff and L. Tyrpin, The effect of 

photochemotherapy on the cardiovascular system, J. Am. Acad. Dermatol, 1981, 4, 

561-566. 

69 S. Dassand S. K. Dey, A novel approach towards transdermal drug delivery system: a 

precise review. Indo Am J Pharma Res, 2013, 3(6), 4680-4696.  

70 S. C. Weiss, Conventional topical delivery systems, Dermatol. Ther, 2011, 24, 471-

476. 

71 E. Yilmaz and H. H. Borchert, Effect of lipid-containing, positively charged 

nanoemulsions on skin hydration, elasticity and erythema – an in vivo study. 

International journal of pharmaceutics, 2006, 307(2), 232-238. 

72 S. S. Abolmaali, A. M. Tamaddon, F. S. Farvadi, S. Daneshamuz and H. Moghimib, 

Pharmaceutical Nanoemulsions and Their Potential Topical and Transdermal 

Applications, Iranian J. Pharma. Sci. 2011, 7, 139-150. 

73 I. K. Tadwee, S. Gore and P. Giradkar, Advances in Topical Drug Delivery System: A 

Review, Int. J. Pharma. Re.s Allied. Sci, 2012, 1, 14-23. 

Page 34 of 56RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

74 S. Baboota, F. Shakeel, A. Ahuja, J. Ali and S. Shafiq, Design, development and 

evaluation of novel nanoemulsion formulations for transdermal potential of 

celecoxib. Acta Pharma, 2007, 57(3), 315-332. 

75 F. Shakeel, S. Baboota, A. Ahuja, J. Ali and S. Shafiq, Celecoxib nanoemulsion: Skin 

permeation mechanism and bioavailability assessment. J Drug Target, 2008, 16(10), 

733-740. 

76 N. Barakat, Enhancement of skin permeation and anti-inflammatory effect of 

indomethacin using nanoemulsuion. Lett Drug Design Dis, 2012, 9(4). 

77 B. Subramanian, F. Kuo, E. Ada, T. Kotyla, T. Wilson, S. Yoganathan and R. 

Nicolosi, Enhancement of anti-inflammatory property of aspirin in mice by a nano-

emulsion preparation. Int Immuno, 2008, 8(11), 1533-1539. 

78 B. S. Makhmalzadeh, S. Torabi and A. Azarpanah, Optimization of ibuprofen 

delivery through rat skin from traditional and novel nanoemulsion 

formulations. Iranian J Pharm Res, 2012, 11(1), 47. 

79 B. S. Kim, M. Won, Yang, K. M. Lee and C. S. Kim, In vitro permeation studies of 

nanoemulsions containing ketoprofen as a model drug. Drug Del, 2008, 15(7), 465-

469. 

80 P. Deveda, A. Jain, N. Vyas, H. Khambete and S Jain, Gellified emulsion for sustain 

delivery of Itraconazole for topical fungal diseases, Int. J. Pharm. Pharma. Sci, 2010, 

2, 1-9. 

81 K. K. Kumar, K. Sasikanth, M. Sabareesh and N. Dorababu, Formulation and 

Evaluation of Diacerein Cream, Asian J. Pharma. Clin. Res, 2011, 4, 1-6. 

82 B. W. Barry, Drug delivery routes in skin: a novel approach, Adv. Drug Del. Rev, 

2002, 54, S31–S40. 

Page 35 of 56 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

83 R. M. Chandira, Pradeep, A. Pasupathi, D. Bhowmik, Chiranjib, B. Jayakar, K. K. 

Tripathi, K. P. Sampath Kumar, Design, Development and Formulation of Antiacne 

Dermatological Gel, J. Chem. Pharma. Res, 2010, 2, 401-414. 

84 M. Murphy and A.J. Carmichael, Transdermal drug delivery systems and skin 

sensitivity reactions. Am J Clin Dermatol, 2000, 1(6), 361-368. 

85  T. Tanner and R. Marks, Delivering drugs by the transdermal route: review and 

comment, Skin Res. Tech, 2008, 14, 249–260. 

86 M. Pradhan, D. Singh and M. R. Singh, Novel colloidal carriers for psoriasis: current 

issues, mechanistic insight and novel delivery approaches. J Cont Rel, 2013. 170(3), 

380-395. 

87 O. P. Katare, K. Raza, B. Singh and S. Dogra, Novel drug delivery systems in topical 

treatment of psoriasis: rigors and vigors. Ind J Dermatol Ven Leprol, 2010, 76(6), 

612. 

88  L. W. Zhang, S. A. Al-Suwayeh, C. F. Hung, C. C. Chen and J. Y. Fang, Oil 

components modulate the skin delivery of 5-aminolevulinic acid and its ester prodrug 

from oil-in-water and water-in-oil Nanoemulsions, Int. J. Nanomed, 2011, 6, 693-704. 

89 S. Khandavilli and R. Panchagnula, Nanoemulsions as Versatile Formulations for 

Paclitaxel Delivery: Peroral and Dermal Delivery Studies in Rats, J. Invest Dermatol, 

2007, 127,  154–162. 

90 A. Casas and A. Batlle, Aminolevulinic acid derivatives and liposome delivery as 

strategies for improving 5-aminolevulinic acid-mediated photodynamic therapy, Curr. 

Med. Chem, 2006, 13, 1157-1168.  

91 Y. P. Fang, Y. B. Huang, P. C. Wu and Y. H. Tsai, Topical delivery of 5-

aminolevulinic acid-encapsulated ethosomes in a hyperproliferative skin animal 

model using the CLSM technique to evaluate the penetration behaviour, Eur. J. 

Pharm. Biopharm, 2009, 73, 391-398.  

Page 36 of 56RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

92 N. Ø. Knudsen, S. Rønholt, R. D. Salte, L. Jorgensen, T. Thormann, L. H. Basse, et 

al. Calcipotriol delivery into the skin with PEGylated liposomes, Euro. J. Pharma. 

Biopharma. 2012, 81, 532-539. 

93 N. Parnami, T. Garg, G. Rath, A. K. Goyal, Development and characterization of 

nanocarriers for topical treatment of psoriasis by using combination therapy, Art Cells 

Nanomed. Biotechnol, 2013, 42, 406-412. 

94 Y. K. Lin, Z. R. Huang, R. Z. Zhuo and J. Y. Fang, Combination of calcipotriol and 

methotrexate in nanostructured lipid carriers for topical delivery, Int. J. Nanomed., 

2010, 5, 117-128. 

95 Y. T. Zhang, L. N. Shen, J. H. Zhao and N. P. Feng, Evaluation of psoralen 

ethosomes for topical delivery in rats by using in vivo microdialysis, Int. J. Nanomed, 

2014, 9, 669-678. 

96 S. Khan, T. Tiwari, S. Tyagi, M. Bhowmik, A. Joshi and B. Dubey, Preformulations 

studies and preperation of dithranol loaded solid lipid nanoparticles, Int. J. Res. Dev. 

Pharm. Life. Sci, 2012, 1, 183 -188. 

97 S. Shrestha,  K. Anil, K.S. Jasjeet, A. Javed and B. Sanjula, Nanoemulsion Based 

Hydrogel Containing Omega 3 Fatty Acids as a Surrogate of Betamethasone 

Dipropionate for Topical Delivery, Adv. Sci. Lett, 2009, 6, 221-231. 

98 M. S. Ali, M. S. Alam, N. Alam, M. I. Alam, F. Imam and M. D. Ali, Formulation, 

characterization and in-vivo study of nanoemulsion topical gel of beclomethasone 

dipropionate for psoriasis, World J. Pharm. Pharma. Sci., 2012, 1, 839-857. 

99 M. H. F. Sakeena, S. M. Elrashid, A. S. Munavvar and M. N. Azmin, Effects of oil 

and drug concentrations on droplets size of palm oil esters (POEs) nanoemulsion, J. 

Oleo. Sci., 2011, 60, 155-158. 

Page 37 of 56 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

100 N. Salim, M. Basri, M. B. Rahman, D. K. Abdullah and H. Basri, Modification of 

palm kernel oil esters nanoemulsions with hydrocolloid gum for enhanced topical 

delivery of ibuprofen, Int. J. Nanomed., 2012, 7, 4739. 

101 N. Salim, M. Basri, M. B. Abdul Rahman, D. A. Kuang, H. Basri and A. B. Salleh, 

Phase behavior, formation and characterization of palm-based esters nanoemulsion 

formulation containing ibuprofen, J. Nanomed. Nanotechnol., 2011, 2, 113. 

102 J. H. Lee and I. K. Chun, Effects of various vehicles and fatty acids on the skin 

permeation of lornoxicam, J. Pharma. Invest. 2012, 42, 235-241. 

103 N. M. Hadzir, M. Basri, M. B. A. Rahman, A. B. Salleh, R. N. Z. R. A. Rahman and 

H. Basri, Phase behaviour and formation of fatty acid esters nanoemulsions 

containing piroxicam, AAPS PharmSciTech., 2013, 14, 456-463. 

104 S. H. Musa, M. Basri, H. R. F. Masoumi, R. A. Karjiban, E. A. Malek, H. Basri, A. F. 

Shamsuddin, Formulation optimization of palm kernel oil esters nanoemulsion-loaded 

with chloramphenicol suitable for meningitis treatment, Coll. Surf. B: Biointerfaces., 

2013, 112, 113-119. 

105 K. Wolosik, M. Knas, A. Zalewska, M. Niczyporuk and A.W. Przystupa, The 

importance and perspective of plant-based squalene in cosmetology, J. Cos. Sci., 

2013, 64, 59-66. 

106 Z. R. Huang, Y. K. Lin and J. Y. Fang, Biological and Pharmacological Activities of 

Squalene and Related Compounds: Potential Uses in Cosmetic Dermatology, 

Molecules, 2009, 14, 540-554. 

107 J. J. Wang, K. C. Sung, O. Y. Hu, C. H. Yeh and J. Y. Fang, Submicron lipid 

emulsion as a drug delivery system for nalbuphine and its prodrugs, J. Control. Rel., 

2006, 115, 140-149. 

Page 38 of 56RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

108 V. Dhillon, S. Sharma, S. Jain, S. Arora and A. Sharma, Formulation characterization 

and evaluation of new topical 5-Fu by drug entrapment in oleic acid vesicles, Am. J. 

Pharmtech. Res., 2011, 1, 1-6. 

109 J. Shiri, A. A. Cicurel and A. D. Cohen, An Open-Label Study of Herbal Topical 

Medication (Psirelax) for Patients with Chronic Plaque Psoriasis, Sci. World J., 2011, 

6, 13-16. 

110 P. Morganti, E. Berardesca, B. Guarneri, F. Guarneri, G. Fabrizi, P. Palombo and M. 

Palombo, Topical clindamycin 1% vs. linoleic acid-rich phosphatidylcholine and 

nicotinamide 4% in the treatment of acne: a multicentre-randomized trial, Int. J. Cos. 

Sci., 2011, 33, 467–476. 

111 H. Yuan, L. F. Huang, Y. Z. Du, X. Y. Ying, J. You, F. Q. Hu and S. Zeng, Solid lipid 

nanoparticles prepared by solvent diffusion method in a nanoreactor system, Coll. 

Surf. B: Biointerfaces, 2008, 61, 132-137.  

112 M. S. Ali, M. S. Alam, F. Imam and M. R. Siddiqui, Topical nanoemulsion of 

turmeric oil for psoriasis: characterization, ex vivo and in vivo assessment, Int. J. 

Drug Del., 2012, 4, 184-197. 

113 D. Ghai and V. R. Sinha, Nanoemulsions as self-emulsified drug delivery carriers for 

enhanced permeability of the poorly water-soluble selective β1-adrenoreceptor blocker 

Talinolol. Nanomed. Nanotechnol. Bio Med., 2012, 8, 618–626. 

114 H. K. Patel, B. S. Barot, P. B. Parejiya, P. K. Shelat and A. Shukla, Topical delivery 

of clobetasol propionate loaded microemulsion based gel for effective treatment of 

vitiligo: Ex vivo permeation and skin irritation studies, Coll. Surf. B: Biointerfaces, 

2013, 102, 86–94. 

115 W. M. Lau, A. W. White and C. M. Heard, Topical Delivery of a Naproxen-Dithranol 

Co-drug: In Vitro Skin Penetration, Permeation, and Staining, Pharm. Res., 2010, 27, 

2734-2742. 

Page 39 of 56 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

116 J. Behera, R.K. Keservani, A. Yadav, M. Tripathi and A. Chadoker, Methoxsalen 

loaded chitosan coated microemulsion for effective treatment of psoriasis. Int. J. Drug 

Delivery, 2010, 2, 159-167. 

117 D. S. Bernardi, T. A. Pereira, N. R. Maciel, J. Bortoloto, G. S. Viera, G. C. Oliveira 

and P. A. R. Filho, Formation and stability of oil-in-water Nanoemulsions containing 

rice bran oil: in vitro and in vivo assessments, J. Nanobiotech., 2011, 9, 44. 

118 N. S. Al-Waili, Topical application of natural honey, beeswax and olive oil mixture 

for atopic dermatitis or psoriasis: partially controlled, single-blinded study, Compl. 

Thera. Med., 2003, 11, 226–234. 

119 J. Ali, N. Akhtar, Y. Sultana, S. Baboota and A. Ahuja, Antipsoriatic microemulsion 

gel formulations for topical drug delivery of babchi oil (Psoralea corylifolia), Methods 

Findings Exp. Cli. Pharmacol., 2008, 30, 277-285. 

120 T. K. Marwaha, Formulation design and evaluation of herbal Anti psoriatic Emulgel. 

J. PharmaSci. Innov., 2013, 2, 30-42.  

121 Y. Javadzadeh and H. Hamishehkar, Enhancing percutaneous delivery of 

methotrexate using different types of surfactants, Coll. Surf. B: Biointerf., 2011, 82, 

422-426. 

122 A. Fini, V. Bergamante, G. C. Ceschel, C. Ronchi and C. A. F. De Moraes, Control of 

transdermal permeation of hydrocortisone acetate from hydrophilic and lipophilic 

formulations, AAPS PharmSciTech., 2008, 9, 762-768. 

123 A. A. Date, D. Srivastava, M. S. Nagarsenker, R. Mulherkar, L. Panicker, V. Aswal, 

P. A. Hassan, F. Steiniger, J. Thamm and A. Fahr, Lecithin-based novel cationic 

nanocarriers (LeciPlex) I: fabrication, characterization and evaluation, Nanomed., 

2011, 6, 1309-1325. 

Page 40 of 56RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

124 M. Trotta, F. Pattarino and M. R., Gasco, Influence of counter ions on the skin 

permeation of methotrexate from water-oil microemulsions, Pharm. Acta Helv., 1996, 

71, 135-140. 

125 S. Consola, M. Blanzat, E. Perez, J. C. Garrigues, P. Bordat and I. Rico‐Lattes, 

Design of Original Bioactive Formulations Based on Sugar–Surfactant/Non‐steroidal 

Anti‐inflammatory Catanionic Self‐Assemblies: A New Way of Dermal Drug 

Delivery, Chem. Eur. J., 2007, 13, 3039-3047. 

126 F. Yang, N. Kamiya and M. Goto, Transdermal delivery of the anti-rheumatic agent 

methotrexate using a solid-in-oil nanocarrier, Eur. J. Pharm. Biopharm., 2012, 82, 

158-163. 

127 K. A. Modi and P. K. Shelat, Applications of Novel Vesicular Drug Delivery System 

as Ocular Drug Vehicles: A Review, Int. J. Pharma. Sci. Res., 2013, 3(12), 4554-

4561. 

128 H. Kathpalia, V. B. Patravale and K. Sharma, Development and evaluation of a 

microemulsion formulation for transdermal delivery of Diclofenac diethylammonium, 

J. Sci. Innov. Res., 2013, 2(4), 759-771. 

129 K. O. Choi, N. P. Aditya and S. Ko, Effect of aqueous pH and electrolyte 

concentration on structure, stability and flow behavior of non-ionic surfactant based 

solid lipid nanoparticles, Food Chem., 2014, 147, 239-244.  

130 A. Azeem, M. Rizwan, F. J. Ahmad, Z. Iqbal, R. K. Khar, M. Aqil and S. 

Talegaonkar, Nanoemulsion components screening and selection: a technical note, 

AAPS PharmSciTech., 2009, 10(1), 69-76. 

131 M. E. Lane, Skin penetration enhancers, Int. J. Pharm., 2013, 447(1), 12-21. 

132 J. Varshosaz, S. Andalib, M. Tabbakhian and N. Ebrahimzadeh, Development of 

Lecithin Nanoemulsion Based Organogels for Permeation Enhancement of 

Metoprolol through Rat Skin, J. Nanomat, 2013, 1-9. 

Page 41 of 56 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

133 L. Chen, F. Tan, J. Wang and F. Liu, Microemulsion: a novel transdermal delivery 

system to facilitate skin penetration of indomethacin, Pharmazie, 2012, 67, 319-323. 

134 S. Doktorovová, J. Araújo, M. L. Garcia, E. Rakovský and E. B. Souto, Formulating 

fluticasone propionate in novel PEG-containing nanostructured lipid carriers (PEG-

NLC), Coll. Surf. B: Biointerfaces, 2010, 75, 538-542. 

135 S. Das, W.K. Ng and R.B.H. Tan, Development and in vitro evaluations of a lipid 

nanoparticles formulation containing tretinoin. In NanoFormulation. Ed. G.J.T. Tiddy 

and R.B.H. Tan, 2012. 38-52. 

136 Y. Agrawal, K.C. Petkar and K.K. Sawant, Development, evaluation and clinical 

studies of Acitretin loaded nanostructured lipid carriers for topical treatment of 

psoriasis, Int. J. Pharma, 2010, 401, 93-102.  

137 K. Raza, P. Negi, S. Takyar, A. Shukla, B. Amarji and O.P. Katare, Novel dithranol 

phospholipid microemulsion for topical application: development, characterization 

and percutaneous absorption studies, J microencapsulation, 2011, 28, 190-199. 

138 M. S. Ali, M. S. Alam, N. Alam, T. Anwer and M. M. A. Safhi, Accelerated stability 

testing of clobetasol propionate loaded nanoemulsion as per ICH guideline, Sci. 

Pharm, 2013,  81, 1089–1100. 

139 M. S. Alam, M. S. Ali, N. Alam, M. I. Alam, T. Anwer, F. Imam, M. D. Ali, M. R. 

Siddiqui, M. Shamim, Design and characterization of nanostructure topical gel of 

betamethasone dipropionate for psoriasis, J. Appl. Pharm. Sci., 2012, 2, 148-158.  

140 M. S. Alam, M. S. Ali, N. Alam, M. R. Siddiqui, M. Shamim and M. M. Safhi, In vivo 

study of clobetasol propionate loaded nanoemulsion for topical application in 

psoriasis and atopic dermatitis, Drug Inv. Today, 2013, 5, 8-12. 

141 S. Baboota, M. S. Alam, S. Sharma, J. K. Sahni, A. Kumar and J. Ali, Nanocarrier-

based hydrogel of betamethasone dipropionate and salicylic acid for treatment of 

psoriasis. Int. J. Pharm. Invest., 2011, 1, 139-147. 

Page 42 of 56RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

142 J. S. Baek, J. H. Lim, J. W. So, J. I. Kim, T. W. Lee, S. J. Hwang, S. C. Shin, S. J. 

Kim, C. W. Cho, The feasibility study of transdermal drug delivery systems for 

antidepressants possessing hydrophilicity or hydrophobicity, J. Pharma. Invest, 2012, 

42, 109-114. 

143 J. Vilasau, C. Solans, M. J. Gómez, J. Dabrio, R. Mújika-Garai and J. Esquena, Phase 

behaviour of a mixed ionic/nonionic surfactant system used to prepare stable oil-in-

water paraffin emulsions, Coll. Surf. A: Physicochem Engine Asp, 2011, 384, 473-

481.  

144 B. Baroli, M. A. López-Quintela, M. B. Delgado-Charro, A. M. Fadda and J. Blanco-

Méndez, Microemulsions for topical delivery of 8-methoxsalen, J. Cont. Rel, 2000, 

69, 209-218. 

145 T. Schmidts, D. Dobler, C. Nissing and F. Runkel, Influence of hydrophilic 

surfactants on the properties of multiple W/O/W emulsions, J. Coll. Inter. Sci., 2009, 

338, 184-192. 

146 D. Geetha and R. Tyagi, Alkyl Poly Glucosides (APGs) Surfactants and Their 

Properties: A Review, Tenside Surf. Det, 2012, 49, 417-427.  

147 A. S. Goebel, R. H. Neubert and J. Wohlrab, Dermal targeting of tacrolimus using 

colloidal carrier systems, Int. J. Pharm., 2011, 404, 159-168. 

148 A. N. El Meshad and M. I. Tadros, Transdermal delivery of an anti-cancer drug via 

w/o emulsions based on alkyl polyglycosides and lecithin: design, characterization, 

and in vivo evaluation of the possible irritation potential in rats, AAPS PharmSciTech, 

2011,  12, 1-9. 

149 R. H. Neubert, U. Schmalfuß, R. Wolf and W. A. Wohlrab, Microemulsions as 

colloidal vehicle systems for dermal drug delivery. Part V: Microemulsions without 

and with glycolipid as penetration enhancer, J. Pharma. Sci, 2005, 94, 821-827. 

Page 43 of 56 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

150 N. Ahmad, R. Ramsch, M. Llinàs, C. Solans, R. Hashim, H. A. Tajuddin, Influence of 

nonionic branched-chain alkyl glycosides on a model nanoemulsion for drug delivery 

systems, Coll. Surf. B: Biointerfaces, 2013, 115, 267-274. 

151 L. H. Fasolin, R. C. Santana and R. L. Cunha, Microemulsions and liquid crystalline 

formulated with triacylglycerols: Effect of ethanol and oil unsaturation, Coll. Surf A: 

Physicochem. Eng. Asp, 2012, 415, 31-40.   

152 C. W. Li, S. Y. Yang, R. He, W. J. Tao and Z. N. Yin, Development of quantitative 

structure-property relationship models for self-emulsifying drug delivery system of 2-

aryl propionic acid NSAIDs, J. Nanomater, 2011, 18.  

153 R. G. Dos Santos, A. C. Bannwart and W. Loh, Phase segregation, shear thinning and 

rheological behavior of crude oil-in-water emulsions, Chem. Eng. Res. Des, 2014, 92, 

1629-1636. 

154 G. M. El Maghraby, Transdermal delivery of hydrocortisone from eucalyptus oil 

microemulsion: effects of cosurfactants, Int. J. Pharm, 2008, 355, 285-292. 

155 C. H. Liu, F. Y. Chang and D. K. Hung, Terpene microemulsions for transdermal 

curcumin delivery: effects of terpenes and cosurfactants, Coll. Surf. B: Biointerfaces. 

2011, 82, 63-70. 

156 S. Heuschkel, J. Wohlrab, G. Schmaus and R. H. Neubert, Modulation of 

dihydroavenanthramide D release and skin penetration by 1,2-alkanediols, Eur. J. 

Pharma. Biopharma, 2008, 70, 239-247. 

157 A. S. Goebel, U. Knie, C. Abels, J. Wohlrab and R. H. Neubert, Dermal targeting 

using colloidal carrier systems with linoleic acid, Eur. J. Pharma. Biopharma, 2010, 

75, 162-172. 

158 A. R. Ismail, H. Suhaimi, R. Ismail and H. A. Hassan, Effect of diols as co-surfactants 

in partial ternary phase behaviour of palm oil-based microemulsions, J. Oil Palm Res, 

2011, 23, 1146-1152. 

Page 44 of 56RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

159 T. Delmas, H. Piraux, A. C. Couffin, I. Texier, F. Vinet, P. Poulin, M. E. Cates and J. 

Bibette, How to prepare and stabilize very small nanoemulsions. Langmuir, 2011, 

27(5), 1683-1692. 

160 C. L. Krahn, R. P. Raffin, G. S. Santos, L. B. Queiroga, R. L. Cavalcanti, P. Serpa, E. 

Dallegrave, P.E. Mayorga, A.R. Pohlmann,C.C. Natalini, S.S. Guterres and R.P. 

Limberger, Isoflurane-loaded nanoemulsion prepared by high-pressure 

homogenization: investigation of stability and dose reduction in general anesthesia. J 

Biomedic Nanotechnol, 2012, 8(5), 849-858. 

161 M. R. Zahi, P. Wan, H. Liang and Q. Yuan, Formation and Stability of d-Limonene 

Organogel-Based Nanoemulsion Prepared by a High-Pressure Homogenizer. J Agri 

Food Chem, 2014, 62(52), 12563-12569. 

162 S. Sharma, J. K. Sahni, J. Ali and S. Baboota, Effect of high-pressure homogenization 

on formulation of TPGS loaded nanoemulsion of rutin-pharmacodynamic and 

antioxidant studies. Drug delivery, 2014, 22(4), 1-11. 

163 Y. J. Jo and Y. J. Kwon, Characterization of β-carotene nanoemulsions prepared by 

microfluidization technique. Food Sc Biotech, 2014, 23(1), 107-113. 

164 M. Sivakumar, S. Y. Tang and K. W. Tan, Cavitation technology–a greener 

processing technique for the generation of pharmaceutical nanoemulsions. 

Ultrasonics Sonochem, 2014, 21(6), 2069-2083. 

165 P. P. Constantinides, M. V. Chaubal and R. Shorr, Advances in lipid nanodispersions 

for parenteral drug delivery and targeting. Advanced drug delivery reviews, 

2008, 60(6), 757-767. 

166 L. Yu, C. Li, J. Xu, J. Hao, and D. Sun, Highly stable concentrated nanoemulsions by 

the phase inversion composition method at elevated temperature. Langmuir, 2012, 

28(41), 14547-14552. 

Page 45 of 56 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

167 M. Hessien, N. Singh, C. Kim and E. Prouzet, Stability and tunability of O/W 

nanoemulsions prepared by phase inversion composition. Langmuir, 2011, 27(6), 

2299-2307. 

168 M. Jaworska, E. Sikora and J. Ogonowski, The influence of glicerides oil phase on 

O/W nanoemulsion formation by pic method. Periodica Polytechnica Chemical 

Engineering, 2014, 58, 43-48. 

169 J. C. Schwarz, V. Klang, S. Karall, D. Mahrhauser, G. P. Resch and C. Valenta, 

Optimisation of multiple W/O/W nanoemulsions for dermal delivery of aciclovir. Int 

J Pharm, 2012, 435(1), 69-75. 

170 N. Anton and P. Saulnier, Adhesive water-in-oil nano-emulsions generated by the 

phase inversion temperature method. Soft Matt, 2013, 9(28), 6465-6474. 

171 I. Solè, C. Solans, A. Maestro, C. González and J. M. Gutiérrez, Study of nano-

emulsion formation by dilution of microemulsions. J Colloid Inter Sci, 2012, 376(1), 

133-139. 

172 M. L. Klossek, J. Marcus, D. Touraud and W. Kunz, Highly water dilutable green 

microemulsions. Coll SurfA: Physicochem Eng Aspects, 2014, 442, 105-110.  

173 T. Tadros, P. Izquierdo, J. Esquena and C. Solans, Formation and stability of nano-

emulsions. Adv. Coll. Int. Sci, 2004, 108, 303-318. 

174 S. Y. Tang, P. Shridharan and M. Sivakumar, Impact of process parameters in the 

generation of novel aspirin nanoemulsions–comparative studies between ultrasound 

cavitation and microfluidizer. Ultrasonics Sonochem, 2013, 20(1), 485-497. 

175 A. Forgiarini, J. Esquena, C. Gonzalez and C. Solans, Formation of nano-emulsions 

by low-energy emulsification methods at constant temperature. Langmuir, 2001, 

17(7), 2076-2083. 

176 D. Dewangan and P.K. Suresh, Nanosized emulsions as a drug carrier for ocular drug 

delivery: a review. J Innov Trends Pharm Sci, 2011, 2, 59-75. 

Page 46 of 56RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

177 R. Pons, I. Carrera, J. Caelles, J. Rouch and P. Panizza, Formation and properties of 

mini-emulsions formed by microemulsions dilution. Adv Colloid Interface, 2003, 106, 

129-46. 

178 P. Taylor and R. H. Ottewill, The formation and ageing rates of oil-in-water 

miniemulsions. Coll SurfA: Physicochem Eng Aspects, 1994, 88, 303-16. 

179 C. Solans and I. Solè, Nano-emulsions: Formation by low-energy methods, Curr Opin 

Colloid Interface Sci, 2012, 17, 246-254. 

180 T. Tadros, Interparticle interactions in concentrated suspensions and their bulk 

(Rheological) properties. Adv Coll Interf Sci, 2011, 168(1), 263-277. 

181 T. Tadros, Viscoelastic properties of sterically stabilised emulsions and their stability. 

Adv Coll Interf Sci, 2015, 222, 692–708. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Page 47 of 56 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

Figure Captions 

 

Fig. 1: The major pathway of psoriasis pathology 

Fig. 2: Nanoemulsion system as a potential enhancer for topical drug delivery system 

Fig. 3: Variation of Gmix, Gel, GA and GT with h. 

Fig.4: Variation of GT with h with increasing δ/R. 
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Table 1 
 

Examples of commercial topical formulation of antipsoriatic drugs (Retrieved from 

www.mims.co.uk)  

 

Marketed Names Drug Form Ref. 

Calcipotriol


 Ointment Calcipotriol Ointment 
34

 

Capasal


 Coal tar Shampoo 
35

 

Carbo-Dome


 Coal tar Cream 
36

 

Ceanel


 Concentrate  Cetrimide, Phenylethyl alcohol, 

Undecenoic acid  

(Antifungal and antibacterial) 

Shampoo 
37

 

Cocois


 Coal tar, Coconut oil, Salicylic acid, 

Sulfur 

Oitment 
38

 

Curatoderm


 Tacalcitol Oitment 
39

 

Curatoderm


 Lotion  Tacalcitol Lotion 
39

 

Dermax


 Therapeutic 

Shampoo 

Benzalkonium chloride  

(Antifungal and antibacterial) 

Shampoo 
39

 

Dithrocream


 Dithranol Cream 
40

 

Dithrocream


 2%  Dithranol Cream 
34

 

Dovobet


 Gel 

Betamethasone/Calcipotriol  Gel 
41

 

Dovonex


 Ointment  Calcipotriol Ointment 
37

 

Exorex


 Coal tar  Lotion 
42

 

Micanol


 Dithranol  Cream 
43

 

Polytar


 Plus Liquid Coal tar Solution 
44

 

Psoriderm


 Cream  Coal tar Cream 
45

 

Sebco


 Coal tar, Coconut oil, Salicylic acid, 

Sulfur 

Ointment 
45

 

Xamiol


 Betamethasone/Calcipotriol Gel 
46
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Table 2 

 

Comparison of nanoemulsions with other topical treatment 

 

Drugs Comparison Ref. 

Celecoxib - The drug permeation and anti-inflammatory effects 

on carrageenan-induced paw oedema in rats of 

nanoemulsion were higher compared to the gel 

formulations. 

74
 

- Increase in bioavailability as compared to an oral 

capsule formulation in rats. 

75
 

Indomethacin - The drug permeation from nanoemulsions were 

higher compared to the conventional indomethacin 

76
 

Aspirin - Increased the efficacy of the drug compared to an 

aspirin suspension 

- Anti-inflammatory effects on carrageenan-induced 

paw oedema in rats of nanoemulsion were higher 

compared to the aspirin suspension 

77
 

Ibuprofen - The drug permeation from novel nanoemulsion were 

higher compared to the novel nanoemulsions 

78
 

Ketoprofen - High drug permeation rate from nanoemulsion 

compared to Fastun
®
 gel 

79
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Table 3 

 

The alternative techniques for drug delivery and its limitations 

 

Technique Principle Antipsoriatic 

drugs 

Limitations Ref. 

Liposomes Bilayer vesicles formed 

from phospholipids and 

cholesterol 

Calcipotriol poor stability and 

limited 

penetration ability 

92
 

Niosomes Microscopic lamellar 

structures formed on 

admixture of a nonionic 

surfactant, cholesterol 

and a charge inducing 

agent, with subsequent 

hydration in aqueous 

media 

Methotrexate, 

Cyclosporine 

Less skin 

penetration, do 

not reach up to 

deeper skin layer 

93
 

Nanostructured 

lipid carrier 

Produced with solid and 

liquid lipids and 

surfactants, with 

distorted crystalline 

lattice 

Calcipotriol, 

Methotrexate 

 

Poor stability, low 

drug loading. 

94
 

Ethosome Composed of 

phospholipids, 

(phosphatidylcholine, 

phosphatidylserine, 

phosphatidic acid), high 

concentration of ethanol 

and water 

Psoralen Poor skin 

penetration, skin 

irritation 

95
 

Solid lipid  

nano-particle 

Produced with one single 

solid lipid and 

surfactants, with perfect 

crystalline lattice 

Dithranol Poor stability 
96
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