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ABSTRACT 

 

The aim of the present work were to evaluate the safety and efficacy of tazarotene loaded 

lipid nanocarrieers for the treatment of psoriasis. The lipid based nanocarriers i.e. SLN and 

NLCs were prepared by melt emulsification-sonication. Process variables were optimized 

by one variance at time (OVAT) approach. Experimental design -Box Behnken design and 

Artificial Neural Network were used for optimization of various formulation parameters of 

Tazarotene loaded NLCs and SLNs. Various physicochemical parameters such as particle 

size, zeta potential, assay and % entrapment efficiency  were measured. Further drug 

loaded SLNs and NLCs were loaded in Carbopol 980 gel. The gel was characterized for 

pH, viscosity, drug content uniformity, homogeneity, stability study and occlusion test. 

Drug loaded NLCs, SLNs with or without gel base was evaluated for in-vitro drug 

diffusion study, cellular uptake study, MTTassay, and cytotoxicity study using A431 skin 

cancer epithelial cell line. The particle size range of the optimized formulation 

was215.2 nm ± 4.5 nm with zeta potential  -37.8 mV ± 3.4 mV, and entrapment efficiency 

was 57±3% for SLNswhile in case of NLCs, the particle size was around 235.22 nm ± 6.8 

nm with zeta potential of -39.8 mV ± 3.7 mV, andentrapment efficiency of 60-65% for 

NLC. Tazarotene  loaded NLCs, SLNs with or without gel base were evaluated for  cellular 

uptake study, MTT assay, and cytotoxicity study using A431 skin cancer epithelial cell line 

and also dermal toxicity study, anti-psoriatic activity study using mice. Cellular uptake and 

distribution was studied using coumarin – 6 fluorescent marker loaded NLS and SLN 

formulations by confocal microscopy. For the dermal toxicity study18 mice were divided 

into equal three group (Normal control group, Formulation 1 treated group and formulation 

2 treated group) study and 36 mice were divided into six equal groups for anti-psoriatic 

activity evaluation using Imiquimod induced psoriatic mode. Excise tissues were evaluated 

for its hydroxyproline content. The cell viability was in the range of 93-100% which 

indicates that the formulation was non-toxic to cells and safe for external use. The cellular 

uptake study indicated that the drug loaded SLNs and NLCs were taken up by the cells in 

peripheral region. The biochemical evaluation reveled no significant reduction in 

hydroxyproline content in treated group. Severity index was calculated by observing the 

psoriatic lesion by naked eye.  %Relative epidermal thickness in test group for NLC gel  

and SLN gel  were 56.38% and 51.28% respectively which was higher compare to drug 

gel-In house develop (36.82%) group, Marketed sample  (40.24%) group but lesser that 
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that of Normal control group (96.34%)  which indicate good anti-psoriatic strength of the 

formulation. There was also less severity index observed in test compare to Drug Gel 

formulation and marketed formulation treated animal group. In-vivo animal study proved 

efficacy of formulations for the treatment of psoriasis 
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1.1 AIM: 

Psoriasis is a chronic skin disorder marked by periodic flare-ups of sharply defined red 

patches covered by a silvery, flaky surface. the primary disease activity leading to 

psoriasis occurs in the epidermis (a hyper proliferative skin disease with a markedly 

increased 5-6 times normal rate of epidermal turnover). The exact cause remains 

unknown. There may a combination of factors, including  genetic predisposition and 

environmental factors. The immune system is thought to play a major role. 

 

Topical preparations are used for the localized effects at the site of their application by virtue of 

drug penetration into the underlying layers of skin or mucous membranes. The main advantage of 

topical delivery system is to bypass first pass metabolism. Avoidance  of  the risks and 

inconveniences of intravenous therapy and of the varied conditions of absorption, like pH 

changes, presence of enzymes, gastric emptying time are other advantage of topical preparations. 

Semi-solid formulation in all their diversity dominate the system for topical delivery, but foams, 

spray, medicated powders, solution, and even medicated adhesive systems are in use. 

 

Various treatment strategies including oral and parenteral routes have been utilized for delivery of 

anti psoriatic drugs, However systemic drug delivery causes serious adverse drug reactions which 

affects the quality of life of the patients. In certain cases local drug delivery is more suitable for 

use and possesses less adverse drug reactions. 

 

 

Tazarotene is the first receptor-selective retinoid for the topical treatment of plaque 

psoriasis which regulates gene transcription and normalized keratinocyte differentiation, 

the pathogenic factor in psoriatic lesion. [1]. Tazarotene hydrolyzed to its main 

metabolite, tazarotenic acid, which selectively binds to retinoic acid receptors (RARs) in 

the nucleus [9] and exhibits little affinity for retinoid X receptors [2, 3]. The predominant 

type of RAR expressed in the human epidermis is RAR, indicating that it may be an 

important mediator of retinoid action in skin [4][5]. 
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There is a need for developing topical Drug delivery system of Tazarotene that could not only 

increase the presence of the Drug locally but also reduce the risk of systemic toxicity as a result 

of the reduced dose.  

 

Amongst various developing facets for drug delivery and its route of administrations, the fastest 

developing “nanotechnology” is expected to have an intense impact on medicine. Amongst the 

approaches for utilizing nanotechnology developments in pharmaceuticals, various 

nanoparticulates offer distinctive advantages as drug delivery systems. The practice of using 

nanoparticulate pharmaceutical carriers to enhance the in vivo efficiency of different drugs is well 

established over the past decades; both in pharmaceutical research and health care facilities; and 

does not need any further evidence. Several nanoparticle-based drug delivery and drug targeting 

systems are currently developed or under development. Their use aims to diminish drug 

degradation upon administration, prevent undesirable side effects, and increase drug 

bioavailability. Pharmaceutical drug carriers are expected to be easy and reasonably cheap to 

prepare, have small particle size, possess high loading capacity, and, ideally, increase 

bioavailable fraction. There are numerous engineered constructs or assembled 

nanoparticulate systems which are having shared feature of nanometer scaled size range 

from few to 250 nm. These include polymeric, lipid, metal, ceramic and silica 

nanoparticles, niosomes, liposomes, micelles, quantum dots, dendrimers, microcapsules, 

cells, lipoplexes and other different nanoassemblies.  

 

 

SLN and NLC have been shown to exhibit a enhanced release behavior for various active 

ingredients such as ascorbyl palmitate, clotrimazole, ketoconazole, suncreens, and other 

antifungal agents and various other active pharmaceutical ingredients. 

 

A lot of research groups paid attention to the topical application of the SLN and NLC. Many 

features, which these carrier systems exhibit for dermal application of cosmetics and 

pharmaceutics, have been pointed out. SLN and NLC are composed of physiological and 

biodegradable lipids that show low toxicity. The small size ensures a close contact to the stratum 

corneum and can increase the amount of Drug penetrated into the skin. Due to the occlusive 

properties of lipid nanoparticles, an increased skin hydration effect is observed. Furthermore, 
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lipid nanoparticles are able to enhance the chemical stability of compounds sensitive to light, 

oxidation and hydrolysis. 

The NLCs have very good potential for topical Drug delivery. 

 

WHY TOPICAL? 

As described earlier oral therapies are associated with potential side effects While topical therapy   

can overcome these unwanted effects. Even topical therapies are showing equal or better 

therapeutic effect compared to oral therapies in various cases of Psoriasis 

WHY NOT CONVENTIONAL TOPICAL? 

Conventional topical preparations like ointments, cream etc are the major part of the formulations 

available in the market. The conventional gels have some limitations like 

➢ Short duration of action 

➢ The penetration enhancers used in most topical formulations are toxic to the skin. 

➢ No control on release characteristics 

➢ Skin reactions   

 By formulating the Gel bearing SLN and NLC we can overcomes above mentioned limitations of 

conventional formulations.  

Why Lipid Nanoparticles? 

Colloidal carriers show many advantages as a Drug delivery system. NLCs the lipid based nano 

particulate system have specific advantages over other colloidal systems, like controlled Drug 

release, an increase in chemical stability of the incorporated Drugs, less toxicity, large scale 

production feasibility etc. 

Specifically NLCs are the colloidal carrier of choice for topical delivery because it shows 

➢ Increase of skin occlusion  

➢ Increase of skin hydration and elasticity  

➢ Enhancement of skin permeation and Drug targeting  

➢ Improve benefit/risk ratio  

➢ Enhancement of UV blocking activity  

➢ Enhancement of chemical stability of chemically labile compounds. 
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NLCs can be considered as the next generation SLN. NLC have been developed to overcome the 

drawbacks associated with SLN. They are considered to be the second generation of lipid 

nanoparticles. Compared to SLN, NLC show a higher loading capacity for active compounds by 

creating a less ordered solid lipid matrix, i.e. by blending a liquid lipid with the solid lipid, a 

higher particle Drug loading can be achieved. Therefore, the NLC have an increased Drug 

loading capacity in comparison to SLN and the possibility of Drug expulsion during storage is 

less. NLC have also a lower water content of the particle suspension and a less tendency of 

unpredictable gelation. 

 

So, the Aim of current project is “ Formulation And Characterization Of Lipid Nanoparticels 

Bearing Tazarotene For Enhanced Topical Delivery In Psoriasis.” 

1.2 OBJECTIVE: 

• Formulation & characterization of the NLC/SLN bearing Tazarotene for enhanced 

topical delivery for psoriasis. 

• Incorporation of NLC/SLN in Hydrogel and to characterize it. 

• To optimize formulations using Design of Experiment and Soft Computing 

Techniques  

• To develop control space in the explorable space by specifying tolerance 

interval limits  

• To characterize the fabricated systems  

• To study In vitro, Ex vivo and In vivo performance of the developed 

formulations 
 

 

1.3 HYPOTHESIS: 

Formulations by virtue of lipidic nature would be able to increase the permeable fraction 

through skin. The skin permeation can be enhanced by occlusion property of NLC/SLN and 

their interaction with Stratum corneum. 

  

Toxicity associated with the conventional topical can be overcome using lipid particles as 

lipids are generally non toxic and possess GRAS status. 

 



GTU 6 

 

 

1.4 Plan of Work 

 
1. Procurement of drugs, excipients and other chemicals and reagents 

2. Analytical method development for drugs 

3. Formulation development of SLN and NLC  

4. Optimization of formulations using different statistical approaches 

Artificial Neural Network, Design of Experiment 

5. Characterization of formulations 

Size, Zeta Potential, Rheology, DSC, FTIR, TEM, XRD, Thermodynamic Stability 

Study, Drug Release 

6. In vitro cell line studies 

Toxicity study, Cellular uptake, Confocal imaging,  

7. Ex vivo Permeation 

8. In vivo animal studies  

Pharmacodynamics  
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CHAPTER 2 INTRODUCTION  

 

 

2.1 PSORIASIS INTRODUCTION 

                                      

All over the world more than 100 million people are affected by various forms of 

psoriasis which affect there health and quality of life. Apart from physiological attributes 

disease also affects patients psychological life. Psoriasis is a chronic skin disorder 

marked by periodic flare-ups of sharply defined red patches covered by a silvery, flaky 

surface. the primary disease activity leading to psoriasis occurs in the epidermis (a hyper 

proliferative skin disease with a markedly increased 5-6 times normal rate of epidermal 

turnover). The exact cause remains unknown. There may a combination of factors, 

including  genetic predisposition and environmental factors. The immune system is 

thought to play a major role. Despite research over the past 30 years looking at many 

triggers, the ''master switch'' that turns on psoriasis is still a mystery.  For each patient, it 

causes a considerable, quantifiable reduction in quality of life. Given this great burden of 

illness, psoriasis warrants significant clinical and research attention. Over the past 20 

years, there have been many developments in the understanding genetic, molecular and 

cellular mechanisms that underlie these inflammatory processes and many new and 

effective treatments have been developed. The negative impact of the disease on health-

related quality of life is comparable to that of ischaemic heart disease, diabetes, 

depression and cancer 

Psoriasis is a common chronic, systemic, inflammatory disease commonly 

manifested by painful and pruritic skin lesions on the elbows, knees, scalp, genitals, and 

trunk that has been estimated to affect 1% to 3% of the population worldwide. Psoriasis is 

classified according to morphological appearance and includes plaque, inverse, 

erythrodermic, pustular, and guttate forms, as well as nail manifestations. It is estimated 

that around 125 million people worldwide are suffering from Psoriasis. For each patient, 

it causes a considerable, quantifiable reduction in quality of life. Given this great burden 

of illness, psoriasis warrants significant clinical and research attention. Over the past 20 

years, there have been many developments in the understanding genetic, molecular and 

cellular mechanisms that underlie these inflammatory processes and many new and 
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effective treatments have been developed. The negative impact of the disease on health-

related quality of life (QoL) is comparable to that of ischaemic heart disease, diabetes, 

depression and cancer. 

Biologic, phototherapy, topical and systemic treatment can induce reduction of 

psoriasis for months toyears, treatments mainly depend on the severity of disease. Most 

patients with psoriasis have limited disease (less than 20% of their body surface are), so 

topical therapy. Topical therapies remain the mainstay of treatment for mild psoriasis. 

Patients with severe psoriasis often use topical therapies. The main groups of topical 

therapies for psoriasis are emollients, vitamin D and its analogues, topical corticosteroids 

, coal tar preparations, dithranol, and tazarotene (a topical retinoid). Novel formulations 

based on nanocarriers are  promising prospect to overcome the limitation of conventional 

formulations by offering a reduction in dose, dosing frequency, dose-dependent, side 

effect with enhanced efficacy.  Diffierent lipid nanocarriers such as solid lipid 

nanoparticles, nanostructured lipid carriers, liposomes, ethosomes, microemulsions and 

lipid nanocapules are studied as a topical drug delivery systems. 

Treatments for psoriasis can often control the disease for long periods. However, 

none of  the available treatments is a cure. The disease can come back when treatment 

stops. Biologic agents are being introduced for the treatment of psoriasis and have 

substantial advantages over previously used systemic therapies because they have fewer 

risks and side effects. Two of the therapies currently being used, etanercept and remicade, 

are already availabele for the treatment of rheumatoid arthritis and cohn's disease. Both 

therapies are tumer necrosis factor (TNF) blocker, which work by interfering with 

specific immune responses that are responsible for psoriasis. Phototherapy,  topical, 

systemic and  Biologic  treatment can induce reduction of psoriasis for months to years 

which depend on the severity of disease.. Mild psoriasis were treated by Topical 

therapies. Patients with severe psoriasis often use topical therapies. The main groups of 

topical therapies for psoriasis includes coal tar preparations, vitamin D and its analogues, 

topical corticosteroids , emollients, dithranol, and tazarotene (a topical retinoid. Diffierent 

lipid nanocarriers such as solid lipid nanoparticles, nanostructured lipid carriers, 

liposomes, ethosomes, microemulsions and lipid nanocapules are studied as a topical 

drug delivery systems. This advanced novel formulations based on nanocarriers are  
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promising prospect to overcome the conventional formulations by  reduction in dose, 

reduction in dosing frequency, deceases dose-dependent, less side effect with enhanced 

efficacy 

Lipid nanoparticles like SLNs and NLCs  show many advantages over other 

colloidal carriers as they showed close contact interaction with the stratum corneum 

resulting in enhanced occlusion and skin hydration.Topical preparations were used for the 

localized effects at the site of their application by virtue of drug penetration into the 

underlying layers of skin or mucous membranes. The main advantage of topical drug 

delivery system is to bypass first pass metabolism. Avoidance  of  the risks and 

inconveniences of intravenous therapy and of the varied conditions of absorption, like pH 

changes, presence of enzymes, gastric emptying time are other advantage of topical 

preparations. 

Tazarotene is the first receptor-selective retinoid for the topical treatment of 

plaque psoriasis. On application, tazarotene is rapidlyhydrolyzed to its main metabolite, 

tazarotenic acid,which binds to retinoic acid receptors (RARs) in the nucleus. Tazarotenic 

acid selectively binds to RARsand exhibits little affinity for retinoid X receptors. The 

predominant type of RAR expressed in the human epidermis is RAR, indicating that it 

may be an important mediator of retinoid action in skin. By regulating gene transcription, 

tazarotene normalizes abnormal keratinocyte differentiation, reduces epidermal 

hyperproliferation, and decreases inflammation, the 3 pathogenic factors in psoriasis, 

thereby producing a more normal expression of skin differentiation in psoriatic lesions. 

Based on the above facts, it was hypothesized that Tazarotene loaded SLNs and NLCs 

will showed enhanced anti psoriatic activity as compared to marketed formulation like  

The current research focuses on formulation development of SLN and NLCs and 

its    optimization by OVAT, response surface design and Artificial Neural Network 

approach as well. In vitro characterization and in vivo characterization were carried out to 

identify potential efficacy and safety of developed formulation. 

 

2.2. LIPID NANOPARTICLES  
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2.2.1 Types: 

Solid lipid nanoparticles (SLN) are produced by replacing the oil of an o/w emulsion by a 

solid lipid or a blend of solid lipids, i.e. the lipid particle matrix being solid at both room 

and body temperatures.1 SLN are composed of 0.1% (w/w) to 30% (w/w) solid lipid 

dispersed in an aqueous medium and if necessary stabilized with preferably 0.5% (w/w) 

to 5% (w/w) surfactant. The incorporation of cosmetic and pharmaceutical actives is 

feasible. The mean particle size of SLN is in the submicron rage, ranging from about 40 

nm to 1000 nm.2 

 

Nanostructured lipid carriers (NLC) are produced using blends of solid lipids and liquid lipids 

(oils). To obtain the blends for the particles matrix, solid lipids are mixed with liquid lipids, 

preferably in a ratio of 70:30 up to a ratio of 99.9:0.1.3 Because of the oil presence in these 

mixtures, a melting point depression compared to the pure solid lipid is observed, but the blends 

obtained are also solid at room and body temperatures.1 The overall solid content of NLC could 

be increased up to 95%.2  

SLN are formulated from solid lipids only. Therefore, after preparation at least a part of the 

particles crystallizes in a higher energy modification (α or β`). During storage, these 

modifications can transform to the low energy, more ordered β modification. Due to this 

modification high degree of order, the number of imperfections in the crystal lattice is small, this 

leads to drug expulsion.4  

Nanostructured lipid carriers are a new type of delivery system offering improved performance in 

terms of drug loading and long-term stability with the ability to form highly concentrated 

dispersions.5 

NLCs are submicron colloidal carriers which are composed of physiological lipids, dispersed in 

water or in aqueous surfactant solutions.6 

 

TYPES OF NLC 

a. Imperfect type NLC: 

In this model, spatially different lipids, e.g. glycerides composed of different fatty acids are 

mixed. Using spatially different lipids leads to larger distances between the fatty acid chains of 

the glycerides and general imperfections in the crystal and thus to more room for the 
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accommodation of guest molecules. The highest drug load could be achieved by mixing solid 

lipids with small amounts of liquid lipids (oils)7. 

b. Multiple type NLC: 

If higher amounts of oil are mixed with the solid lipid, a different type of nanostructure is present. 

Here, the solubility of the oil molecules in the solid lipid is exceeded; this leads to phase 

separation and the formation of oily nano compartments within the solid lipid matrix .any drugs 

show a higher solubility in oils than in solid lipids so that they can be dissolved in the oil and still 

be protected from degradation by the surrounding solid lipids. This type of NLC can be regarded 

as an analogue to w/o/w emulsions since it is an oil-in-solid lipid-in-water dispersion7. 

c. Amorphous type NLC: 

Since drug expulsion is caused by ongoing crystallization or transformation of the solid 

lipid, this can be prevented by the formation of a third type, the ‘‘amorphous type NLC’’. 

Here, the particles are solid but crystallization upon cooling is avoided by mixing special 

lipids (e.g. hydroxyoctacosanylhydroxystearate and isopropylmyristate)7. 

 

Figure 1: Structure of SLN and NLC 

 

2.2.2 COMPARISION OF LIPID BASED PARTICULATE SYSTEMS 

OVER OTHER FORMULATIONS: 

NLCs and SLNs as colloidal drug carrier combines advantages of polymeric nanoparticles, fat 

emulsions and liposomes simultaneously and avoiding some of their disadvantages. 

EMULSIONS 

Combine advantages of emulsions 

_ Composition of physiological compounds 
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_ Good tolerability 

_ Large scale production by high pressure homogenization 

 

Advantages over emulsions 

_ Prolonged release 

_ Protection of drug against chemical degradation 

POLYMERIC NANOPARTICLES 

Combine advantages 

_ Solid matrix for controlled drug release 

_ Protection of drug against chemical degradation 

_ Slower metabolism 

 

Advantages over polymeric nanoparticles 

_ Lower cytotoxicity 

_ Absence of solvents in the production process 

_ Low cost of excipients 

_ Large scale production is possible by the simple process of High pressure homogenization 

 

LIPOSOMES 

Advantages over liposomes 

_ Better Protection of drug against chemical degradation as there is no or little access of water to    

    the inner core of lipid particles. 

_ Depending on the nature of the drug, high payload might be achieved 

_ More possibilies for drug release profile amelioration. 

 

NLC v/s SLN 

Limitations of the SLN system: 

_ Limitation of drug load by the solubility of the drug in the solid lipid, 

_ Drug expulsion phenomenon when lipid crystallizes to the stable β- form. 

_ Particle concentration in the aqueous dispersions ranging from about 1% to a maximum of only  

    30%.      

 

2.2.3 PRODUCTION: 

2.2.3.1 High pressure homogenization (HPH): 
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The preparation of lipid nanoparticles applying the HPH technique has been developed 

by Muller and Lucks8. In order to achieve a narrow particle size distribution, which 

increases the physical stability of the aqueous dispersion, a homogeneous distribution of 

the power density is necessary9. Otherwise, particles localized at different positions in the 

dispersion volume will experience different dispersing forces and therefore, the degree of 

particle disruption will vary within the sample volume. The dispersion grade depends on 

the power density and the power distribution in the dispersion volume.  The power 

density (Pv) is defined as the energy (W) dissipated in the homogenization volume (V) 

related to the time (t), and it can be described applying the following equation:                         

                         Pv =  
Therefore, the factors determining the power density are the homogenization pressure and 

the width of the homogenization gap. High power densities such as 1012
 – 1013

 W/m3
 

reached by high pressure homogenizers result in more effective particle disruption9. 

The literature describes the production of lipid nanoparticles using high shear 

homogenizationi or ultrasounds. However, it is believed that when applying high-shear 

homogenizers and ultrasonication, in-homogeneous power distributions are most likely to 

occur10. On the contrary, high pressure homogenizers are characterized by a 

homogeneous power distribution due to the small size of the homogenizing gap (10 – 30 

µm). This technique also overcomes a major problem of scale up, which is difficult with 

other techniques11.     

For the homogenization process a piston-gap homogenizer or a jet-stream homogenizer 

(microfluidizer type) can be used. For several technical reasons, such as temperature 

control, cost of large scale equipment, and availability in industry, the piston-gap 

homogenizers11 are typically preferred.  

HPH can be performed using either the hot or the cold homogenization process. In both 

processes the active compound is dissolved or dispersed in the melted lipid prior to the 

HPH.2Both techniques are suitable for processing lipid concentrations of up to 40% and 

generally yield very narrow particle size distributions. The polydispersity index (PI) 

usually obtained is lower than 0.22. 

 

Hot high pressure homogenization12 
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Hot homogenization is carried out at temperatures above the melting point of the lipid 

and can therefore be regarded as the homogenization of an emulsion. The lipid is melted 

and drug is either dissolved or dispersed in melted lipid. The active compound-containing 

melted lipid is dispersed in the hot aqueous surfactant solution at the same temperature 

applying high-speed stirring using ultra-turrax or alternatively an ultrasound procedure. 

These procedures involve the break-up of large droplets into smaller ones. The obtained 

pre-emulsion is passed through a high pressure homogenizer. The number of 

homogenization cycles ranges usually between 3 and 5, applying most of the times a 

pressure ranging from 500 bar to 1000-1500 bar. An aqueous dispersion of lipid 

nanoparticles is formed by cooling of the obtained nanoemulsion, when the lipid phase 

solidifies at room temperature or at temperatures below.  

Hot HPH technique is the most frequently applied. It can be used for the entrapment of 

lipophilic and insoluble drugs in the lipid matrix. Once the exposure time to high 

temperatures is relatively short, in general, even temperature sensitive compounds can be 

processed by hot HPH, such as isotretinoin14 and ketoconazole15. However, for 

hydrophilic drugs this procedure is not the most appropriated. During the homogenization 

of the melted lipid phase the drug will partition to the water phase resulting in a too low 

encapsulation rate. 

 

Cold high pressure homogenization12 

Cold homogenization is carried out with the solid lipid and can therefore by regarded as a 

high-pressure milling of a lipid suspension16. Effective temperature control and regulation is 

needed to ensure the unmolten state of the lipid because of the increase in temperature during 

homogenization. Cold homogenization has been developed to overcome the following three 

problems of the hot homogenization technique16: 

➢ Temperature-induced drug degradation 

➢ Drug distribution into the aqueous phase during homogenization 

➢ Complexity of the crystallization step of the nanoemulsion leading to several 

modifications or supercooled melts 



GTU 16 

 

In the cold HPH technique, the active compound-containing melted lipid  is cooled down 

by means of dry ice or liquid nitrogen, in order to increase the brittleness of the lipid and 

to ease the further milling procedure. The high cooling rate favours a homogeneous 

distribution of the drug within the lipid matrix. After solidification, the lipid mass is 

ground using ball or mortar milling to yield lipid microparticles in a range between 50 

and 100 µm. The lipid microparticles are then suspended in cold surfactant solution by 

stirring, yielding a macro-suspension. This suspension is passed through a high pressure 

homogenizer at/or below room temperature and the microparticles are broken down to 

nanoparticles. The cavitation and shear forces in the homogenization gap are sufficiently 

high to break the microparticles and to reach the nanometer range.  

The cold HPH technique minimizes the thermal exposure of the sample, but does not 

avoid it completely due to the melting of the lipid in the initial step of the process19. 

Therefore, this technique is recommended for extremely temperature sensitive 

compounds and hydrophilic compounds, which might partition from the liquid lipid 

phase to the water phase during the hot HPH20. To further minimize the loss of 

hydrophilic compounds to the aqueous phase of the suspension, water can be replaced by 

liquids with low solubility for the drug, such as oils and polyethylene glycols (PEG 600 

or PEG 800)20 of low molecular weight. 

Lipid particles prepared using the cold HPH technique possess a slightly higher PI and 

mean particle size compared to the ones obtained by hot HPH technique, using the same 

lipid at identical homogenization parameters (pressure, temperature and number of 

homogenization cycles). To further reduce the particle size and to minimize the 

polydispersity index, a higher number of homogenization cycles can be applied17.    

2.2.3.2 Microemulsion based SLN/NLC 

Microemulsions are clear, thermodynamically stable dispersions, composed of lipophilic 

phase (lipid), a surfactant, co-surfactant and water. Gasco and co-worker have developed 

and patented21a suitable method for the preparation of SLN via microemulsions which 

has been adapted and/or modified by different labs22. In microemulsion based method, 

the lipid material is melted and surfactant/co-surfacant containing aqueous phase is 

prepared at the same temperature, approximately 60-70ºC.  Both lipid and aqueous 

phases are mixed in such a ratio (typical ratios vary from 1:2 to 1:100) that a 
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microemulsion results.26 An especially thermostatic syringe can be used. Once the size of 

the microemulsion region in the phase diagram is a function of temperature; the system 

needs to be kept at elevated temperatures during the production process, in order to avoid 

its conversion to a different system by reducing the temperature. The hot microemulsion 

is then diluted into excess of cold water. This procedure leads to a breaking of the 

microemulsion, converting it into an ultra-fine nanoemulsion, which recrystallizes the 

internal lipid phase forming therefore the lipid particles. The dilution step can be operated 

at constant speed using a syringe with a needle gauge. A typical microemulsion 

composition is 10-15% lipid, 15-25% surfactant, 2-10% co-surfactant and 50-73% water. 

The influence of experimental factors, such as microemulsion composition, dispersing 

device for adding the microemulsion to the cold water, temperature and lyophilization, on 

size and structure of the lipid nanoparticles has been studied intensively21. 

One disadvantage of the microemulsion technique is the dilution of the particles 

suspension with water. Typically, the concentrations are distinctly below 1% of particle 

content and, therefore, in case of processing to a final dosage form, large amounts of 

water need to be removed. 

In addition, high concentrations of surfactants and co-surfactants, such as butanol , or bile 

salts, are necessary for  stabilizing the formulation but are less desirable with respect to 

regulatory aspects and application. The removal of surfactants can further be performed 

using ultrafiltration, ultracentrifugation or dialysis. 

Large scale production of NLCs by microemulsion technique also appears feasible and is 

at present under development at vector pharma.ii Marengo et al. developed a special 

device for scale-up production of lipid nanoparticles using this methodology. A 

schematic representation of such device is shown in Fig.2. Parameters that have been 

investigated were the pressure of the pneumatic cylinder, the temperature and the needle 

gauge of the syringe containing the microemulsion, as well as the volume of dispersing 

water. It is required that these should changes as little as possible during scale up to 

maintain the same product characteristic. Curcuminoids loaded solid lipid nanoparticles 

(SLNs) have been successfully developed using a microemulsion technique at∼75 ◦C23. 
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Figure 2: Schematic representation of the scale up production of lipid nanoparticles via 

microemulsions . 

 

2.2.3.3 Solvent emulsification-evaporation technique23 

Sjostrom and Bergenstahl described a production method for preparing SLN dispersions 

by solvent evaporation in o/w emulsions. Firstly, the lipid material is dissolved in a 

water-immiscible organic solvent, such as cyclohexane23, chloroform24, ethyl acetate25 or 

methylene chloride26, and then the drug is dissolved or dispersed in that solution, 

producing an organic phase containing drug. This organic phase is emulsified in an o/w 

surfactant containing aqueous phase by mechanical stirring. Upon evaporation of the 

organic solvent from the obtained o/w emulsion under mechanical stirring or reduced 

pressure, a nanoparticle dispersion is formed by precipitation of the lipid in the aqueous 

medium. The solvent evaporation step must be performed quickly in order to avoid 

particle aggregation. This is a method analogous to the production of polymeric 

nanoparticles and microparticles by solvent evaporation. It can be applied for the 

incorporation of hydrophilic molecules such as peptides and proteins, which must be 

previously dissolved in water phase preparing in this case a w/o/w emulsion26.  
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The clear advantage of this procedure over the cold HPH technique described by Muller 

et al., is the avoidance of any thermal stress. The major disadvantage is the use of organic 

solvents, which are related to the increase in toxicity of the final product.       

Solvent displacement technique27 

The solvent displacement technique was first described by Fessi et al. for the preparation 

of polymeric nanoparticles from pre-formed polymers. Recently, this technique has also 

been used to prepare SLN. 

Here, lipids are dissolved in a water miscible solvent or water miscible solvent mixture 

and rapidly injected through an injection needle into an aqueous phase containing 

surfactants. A violent spreading is observed because of the miscibility of both aqueous 

phase and water miscible organic phase. As the solvent get diffused in aqueous phase, 

lipid will precipitate as nanoparticles.  Normally used solvents in this method are acetone, 

isopropyl alcohol, and methanol. Schubert and mullar-goymann prepared SLNs by this 

method, wherein the effect of process parameters such as volume of solvent injected, 

lipid concentration, emulsifier concentration in the aqueous phase, viscosity in the 

aqueous phase and ethyl acetate concentration in the organic phase on particle size was 

studied. Particle size was in the range of 80-300 nm, depending on the process parameters 

employed. About 96.5% of the employed lipid was transformed in SLNs and the 

formation of SLNs seemed to be diffusion controlled27. 

This method offers clear advantages over the existing methods such as the easy handling 

and fast production process without technically sophisticated equipment like high 

pressure homogenizer. A disadvantage of the ‘solvent injection method’ is the use of 

organic solvents. Although some of the solvents are pharmaceutically acceptable, they 

cannot be used for certain routes like parenteral, ocular etc. as any residual solvent may 

harm the patient. 

2.2.3.4 W/O/W Double emulsion method29 

The Double emulsion method has been introduced as a novel method based on solvent 

emulsification-evaporation for preparation of SLNs loaded with hydrophilic drugs.54 

Here, hydrophilic drug along with a stabilizer is encapsulated in the internal water phase 

of w/o/w double emulsion. The stabilizer is claimed to prevent drug partitioning to the 

external phase during solvent evaporation. This technique has been used for the 
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preparation of sodium cromoglycate-containing SLNs. However, the average size was 

observed in the micrometer range so that the term “liposphere” rather than SLNs should 

be used for these SLNs.  

 

2.3 EVALUATION: 

Adequate and proper characterization of the Lipid nanoparticles is necessary for its 

quality control. However, characterization of Lipid nanoparticles is a serious challenge 

due to the  

colloidal size of the particles and the complexity and dynamic nature of the delivery 

system. The important parameters evaluated for the SLNs include particle size, size 

distribution kinetics (zeta potential), degree of crystallintity and lipid modification 

(polymorphism), coe 

xistence of additional colloidal structures (miscelles, liposome, super cooled melts, drug 

nanoparticles), time scale of distribution processes, drug content, in-vitro drug release 

and  

surface morphology. 

 

2.3.1 PHYSICOCHEMICAL PROPERTIES: 

The Lipid nanoparticles dispersions can be characterized for their physicochemical 

properties such as colour, Odour and stability after centrifugation.  

 

2.3.2 SIZE and PDI: 

The physical stability of Lipid nanoparticles depends on their particle size. Photon 

correlation spectroscopy (PCS) and laser diffraction (LD) are the most powerful 

techniques for determination of particle size. PCS (also known as dynamic light 

scattering) measures the fluctuation of the intensity of the scattered light, which is caused 

by particle movement. The particle size determination by photon correlation spectros-

copy (PCS) detects size range of 3nm to 3μm and by laser diffraction in size range of 100 

nm to 180 μm. Although PCS is a good tool to characterize nano-particles, but is capable 

for the detection of larger microparticles .The LD method is based on the dependence of 
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the diffraction angle on the particle size (Fraunhofer spectra). Smaller particles cause 

more intense scattering at high angles compared to the larger ones. 

 

2.3.3 ZETA POTENTIAL:  

Zeta potential measurement can be carried out using zeta potential analyzer or zetameter. 

Before measurement, SLN dispersions are diluted 50-fold with the original dispersion 

preparation medium for size determination and zeta potential measurement. Higher value 

of zeta potential may lead to deaggregation of particles in the absence of other 

complicating factors such as steric stabilizers or hydrophilic surface appendages. Zeta 

potential measurements allow predictions about the storage stability of colloidal 

dispersions. 

 

2.3.4 ELECTRON MICROSCOPY  

Scanning electron microscopy (SEM) and transmis-sion electron microscopy (TEM) 

provide way to directly observe nanoparticles. SEM is however better for morphological 

examination. TEM has a small size limit of detection. 

 

2.3.5 ATOMIC FORCE MICROSCOPY (AFM)  

In this technique, a probe tip with atomic scale sharpness is rastered across a sample to 

produce a topological map based on the forces at play between the tip and the surface. 

The probe can be dragged across the sample (contact mode), or allowed to hover just 

above (non contact mode), with the exact nature of the particular force employed serving 

to distinguish among the sub techniques. That ultra-high resolution is obtainable with this 

approach, which along with the ability to map a sample according to properties in 

addition to size, e.g., colloidal attraction or resistance to deformation, makes AFM a 

valuable tool 

 

2.3.6 DYNAMIC LIGHT SCATTERING (DLS)  

DLS, also known as PCS or quasi-elastic light scattering (QELS) records the variation in 

the intensity of scattered light on the microsecond time scale. This variation results from 

interference of light scattered by individual particles under the influence of Brownian 
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motion, and is quantified by compilation of an autocorrelation function. The advantages 

of the method are the speed of analysis, lack of required calibration and sensitivity to 

submicrometer particles. 

 

2.3.7 STATIC LIGHT SCATTERING (SLS)/FRAUNHOFER DIFFRACTION: 

This method studies the pattern of light scattered from a solution of particles is collected 

and fit to fundamental electromagnetic equations in which size is the primary variable. It 

is fast and rugged method, but requires more cleanliness than DLS, and advance 

knowledge of the particles’ optical qualities. 

 

2.3.8 DIFFERENTIAL SCANNING CALORIMETRY (DSC)  

DSC and powder X-ray diffractometry (PXRD) is performed for the determination of the 

degree of crystallinity of the particle dispersion. The rate of crystallinity using DSC is 

estimated by comparison of the melting enthalpy/g of the bulk material with the melting 

enthalpy/g of the dispersion (Siekmann and Westesen, 1994).  

2.3.9 Acoustic methods  

Another ensemble approach, acoustic spectroscopy, measures the attenuation of sound 

waves as a means of determining size through the fitting of physically relevant equations. 

In addition, the oscillating electric field generated by the movement of charged particles 

under the influence of acoustic energy can be detected to provide information on surface 

charge.  

2.3.10 Nuclear magnetic resonance (NMR)  

NMR can be used to determine both the size and the qualitative nature of nanoparticles. 

The selectivity afforded by chemical shift complements the sensi-tivity to molecular 

mobility to provide information on the physicochemical status of components within the 

nanoparticle. 

2.3.11 OCCLUSION TEST: 

The occlusion Test can be performed as follows. Take  Beakers of 125 ml and fill 50 ml 

of water in each beaker. Cover all beakers with filter paper. NLC/SLN dispersion, 

NLC/SLN gels and plain gel should apply uniformly on the filter paper. One Beaker 

covered with filter paper but without sample will serve as a reference . The Initial weight 
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of all beakers should be recorded and the samples were weighed after 6, 24 and 48 h, 

giving the water loss due to evaporation at each time (water flux through the filter paper).  

The Occlusion factor was calculated according to the following equation 

                                      F = ((A-B)/A) x 100, 

Where A is the water loss without sample (Control) and B is the Water loss with sample. 

(An occlusion factor of Zero means no Occlusive effect compared with the reference, and 

100 is the maximum occlusion factor.)  

 

2.3.12 STABILITY STUDY: 

The purpose of stability testing is to provide evidence on how the quality of drug product 

varies with time under the influence of a variety of environmental factors such as 

temperature, humidity, and light, it is also useful to establish re-test period and shelf life 

for the drug product and recommended storage conditions. The stability of NLC and SLN 

is a major consideration in all steps of their production and administration, from process 

steps to storage to delivery. Stability of topical gels and their controlled release at the 

time of their usage is a serious issue. When a pharmaceutical dosage form is altered the 

stability of the drug may be changed. A stable dosage form maintains its physical 

integrity and does not adversely influence the chemical integrity of the active ingredient 

during its life on the shelf. 

 

The successful introduction of any of the new dosage forms into market place depends 

upon a well defined stability study that can establish product’s integrity, without 

ambiguity, at the end of the study. In designing a stability study one must consider to 

evaluate physical, chemical, and microbial parameters. A stability study program must 

include a section for product characterization and another section to study the product 

stability during storage. As a first step of product stability program one must identify 

various parameters of the product that characterize the drug as well as the dosage form. 

Develop and validate each of the product parameters of interest prior to their use in the 

stability study.   

Method: 



GTU 24 

 

Stability studies for NLC and SLN Dispersion and Gels incorporating NLC and SLN 

were conducted at different storage conditions for 3 months:  

1. Room temperature (270C) 

2. Refrigerated (2-8oC)  

Three batches, each of formulation were used for each condition. Refrigerator was used 

to maintain refrigerated conditions. The particle size is the most important parameter for 

activity and physical stability of any nano sized formulation. In addition to change in 

particle size, assay and percentage drug entrapped was also found out periodically to 

determine the stability of drug in the formulation at both storage conditions. Zeta 

potential is also very important parameter to study as a stability parameter. The zeta 

potential of the dispersed system provides the stability is the well established concept. 

 

 

2.4  LIPID NANOPARTICLES AS DRUG DELIVERY SYSTEMS: 
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At the beginning of the 1990s, SLN have been introduced as an alternative carrier system to 

emulsions, liposomes and polymeric nanoparticles. Primarily they were developed by three 

research groups namely the groups of Müller, Gasco, and Westesen. Afterwards, a growing 

Interest from many other research groups worldwide has been given to these carrier systems.63 

Many drugs have been successfully incorporated into SLN and NLC for different routes of 

administration. Table shows some drugs that have been incorporated into lipid nanoparticles. 

SLN and NLC revealed several advantages compared to the other colloidal carrier systems. They 

provide a controlled drug release and an increase in chemical stability of the incorporated drugs. 

Moreover, they are safe carriers which can be produced easily on large scale.65, 66, 67, 68, 69  

 

Modulation of Drug Release 

Drug release from lipid particles occurs by diffusion and simultaneously by lipid particle 

degradation in the body. In some cases it might be desirable to have a controlled fast release 

going beyond diffusion and degradation. Ideally this release should be triggered by an impulse 

when the particles are administered. 

NLCs accommodate the drug because of their highly unordered lipid structures. By applying the 

trigger impulse to the matrix to convert in a more ordered structure, such a desired burst drug 

release can be initiated. NLCs of certain structures can be triggered this way; for example, when 

applying the particles to the skin incorporated in a cream. Increase in temperature and water 

evaporation leads to an increase in drug release rate. 

 

Long-Term Stability 

During long-term storage of dispersions, particle aggregation can occur. Aggregation and shell 

formation were reported for SLNs. Single particles diffuse in the dispersion medium; collision of 

Particles can lead to perikinetic flocculation. In the highly concentrated NLC dispersions the 

particles form a‘pearl-like network’, thus the particles are in a fixed position and cannot undergo 

collision and perikinetic flocculation. After administration of the particles and dilution with fluids 

(gastrointestinal fluids, for example), the network is destroyed releasing single, nonaggregated 

Particles. 

 

Application Areas 

Oral administration of NLCs is definitely a very interesting and easy-to-realize area. The basic 

usefulness of lipid particles for oral delivery has been shown by the SLN-cyclosporine patents. 

NLCs have the potential to do an even better job. In addition, lipids promote the absorption of a 



GTU 26 

 

range of drugs, also supporting the use of lipid particles for oral delivery. Primary drugs of 

interest are compounds undergoing chemical degradation in the gastrointestinal tract. 

 

Incorporation in the traditional dosage form: 

NLC Can be incorporated into traditional dosage forms such as tablets and pellets using the NLC 

dispersion as granulation fluid or wetting liquid for the pellet mass. NLCs produced in oil or 

Polyethylene glycol (PEG) 400 can be filled directly into soft gelatine capsules. 

 

The second easy-to-realize area is topical application. All the lipids and surfactants used 

in traditional pharmaceutical creams can be employed, thus leaving little regulatory 

hurdles. Data are available showing delivery advantages of lipid particles compared to 

normal creams and ointments. Because of the high consistency of NLC dispersions, they 

can be used as topical dosage forms without further processing. First lines in parenteral 

delivery are controlled release forms (subcutaneous or intramuscular, for example) and 

the intravenous route. LDC nanoparticles have proved particularly useful for targeting 

water-soluble drugs to the brain. 

  

2.5 LIPID NANOPARTICLE THROUGH TOPICAL ROUTE68; 

Topical preparations are used for the localized effects at the site of their application by virtue of 

drug penetration into the underlying layers of skin or mucous membranes. The main advantage of 

topical delivery system is to bypass first pass metabolism. Avoidance  of  the risks and 

inconveniences of intravenous therapy and of the varied conditions of absorption, like pH 

changes, presence of enzymes, gastric emptying time are other advantage of topical preparations. 

Semi-solid formulation in all their diversity dominate the system for topical delivery, but foams, 

spray, medicated powders, solution, and even medicated adhesive systems are in use. 

2.6 TOPICAL DELIVERY  

It includes two basic types of product:  

• External topicals that are spread, sprayed, or otherwise dispersed on to cutaneous tissues 

to cover the affected area.  
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• Internal topicals that are applied to the mucous membrane orally, vaginally or 

on anorectal tissues for local activity2.  

For the most part topical preparations are used for the localized effects at the site of their 

application by virtue of drug penetration into the underlying layers of skin or mucous membranes. 

Although some unintended drug absorption may occur, it is sub therapeutics quantities and 

generally of minor concern3.  

Advantages of Topical Drug Delivery Systems: 71,72,73,74 

• Avoidance of first pass metabolism.  

• Convenient and easy to apply.  

• Avoidance of the risks and inconveniences of intravenous therapy and of the varied 

conditions of absorption, like pH changes, presence of enzymes, gastric emptying time 

etc.  

• Achievement of efficacy with lower total daily dosage of drug by continuous drug input.  

• Ability to easily terminate the medications, when needed.  

• A  relatively large area of application in comparison with buccal or nasal cavity  

• Ability to deliver drug more selectively to a specific site.  

• Avoidance of gastro-intestinal incompatibility.  

• Providing utilization of drugs with short biological half-life, narrow therapeutic window.  

• Improving physiological and pharmacological response.  

• Improve patient compliance.  

• Provide suitability for self-medication.  

Disadvantages of Topical Drug Delivery Systems:75,76,77,78
 

 

• Skin irritation of contact dermatitis may  occur  due to the drug and/or excipients.  

• Poor permeability of some drugs through the skin.  

• Possibility of allergenic reactions.  

• Can be used only for drugs which require very small plasma concentration for action.  

• Enzyme in epidermis may denature the drugs. 

• Drugs of larger particle size not easy to absorb through the skin.  
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Classification of Topical Drug Delivery Systems: 

Classification of Topical Drug Delivery Systems based on physical state  

(A) Solid: 

• Powder  

• Aerosol  

• Plaster  

(B)Liquid: 

• Lotion  

• Liniment  

• Solution  

• Emulsion  

• Suspension  

• Aerosol  

(c)  Semi-solid: 

• Ointment  

• Cream  

• Paste  

• Gel  

• Jelly  

• Suppository  

PERMEATION THROUGH SKIN79,80 

Most of topical preparations are meant to be applied to the skin. So basic knowledge of skin and 

its physiology, function and biochemistry is very important for designing topicals. The skin is the 

heaviest single organ of the body, combines with the mucosal lining of the respiratory, digestive 

and urogenital tracts to from a capsule, which separates the internal body structures from the 

external environment. The pH of the skin varies from 4 to 5.6. Sweat and fatty acids secreted 
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from sebum influence the pH of the skin surface. It is suggested that acidity of the skin helps in 

limiting or preventing the growth of pathogens and other organisms.  

Physiology of the skin:81,82,83 

The skin has several layers. The overlaying outer layer is called epidermis, the layer below 

epidermis is called dermis. They dermis contain a network of blood vessels, hair follicle, sweat 

gland & sebaceous gland. Beneath the dermis are subcutaneous fatty tissues. Bulbs of hair project 

in to these fatty tissues.  

 

Layers of skin 

The layers of epidermis are: 

• Stratum Germinativum (Growing Layer)  

• Malpighion Layer (pigment Layer)  

• Stratum Spinosum (Prickly cell Layer)  

• Stratum Granulosum (Granular Layer)  

• Stratum Lucidum  

• Stratum Corneum (Horny Layer)  
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Absorption through skin83: 

Two principal absorption routes are identified:  

Transepidermal absorption 

Transfollicular (shunt pathway) absorption 

Basic principle of permeation:  

In the initial transient diffusion stage, drugs molecules may penetrate the skin along the hair 

follicles or sweat ducts and then be absorbed through the follicular epithelium and sebaceous 

glands. When a steady state has been reached diffusion through stratum corneam becomes the 

dominant pathway.  

The membrane-limited flux (J) under steady condition is described by expression.  

             DAKO/W r C  

J =        ---------------------  

                        h                     

Where:   

J = Amount of drug passing through the membrane system per unit area, per unit area per unit 

time. ; D= Diffusion coefficient; A= Area of the membrane; C= Concentration gradient; Ko/w= 

Membranes / vehicle partition coefficient; h= Thickness of the membrane.  

 In case of topical drug delivery, various interactions possible like vehicle- skin interactions, 

vehicle drug Interaction, and drug -skin interaction. Each factor can affect the release of Active 

ingredient from the dosage form.  Thus vehicle, pH, Relative solubility of drug in vehicle 

compared to its solubility in skin, various attributes of drugs like its solubility, size, charge and 

various attributes of vehicle such as spread ability, adhesion, dissolution rate etc can have 

significant effects on permeability. 

2.7 LIPID NANOPARTICLES IN TOPICAL DELIVERY: 
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Topical drug application has been introduced since long time to achieve several purposes on 

different levels (skin surface, epidermis, dermis and hypodermis).33 However, several problems 

have been reported with the conventional topical preparations e.g. low uptake due to the barrier 

function of the stratum corneum and absorption to the systemic circulation. A lot of research 

groups paid attention to the topical application of the SLN and NLC34. Many features, which 

these carrier systems exhibit for dermal application of cosmetics and pharmaceutics, have been 

pointed out. SLN and NLC are composed of physiological and biodegradable lipids that show 

low toxicity. The small size ensures a close contact to the stratum corneum and can increase the 

amount of drug penetrated into the skin. Due to the occlusive properties of lipid nanoparticles, an 

increased skin hydration effect is observed. Furthermore, lipid nanoparticles are able to enhance 

the chemical stability of compounds sensitive to light, oxidation and hydrolysis36. 

 

2.7.1 Increase of skin occlusion38:  

Lipid nanoparticles causes lipid film formation on skin layers which causes occlusion effect. 

Which is been studied by various groups and described that because of this effect it causes 

increased skin hydration. Lipid nano particles produced from highly crystalline and low melting 

point lipids shows more occlusion effect. 

 

2.7.2 Increase of skin hydration and elasticity42:  

The occlusion effect of lipid nanoparticles causes reduction in transepidermal water loss ( 

TEWL). This effect leads to increase in skin hydration. In many studies it is been observed that 

creams and other topical formulation containing nanoparticles shows significantly higher 

hydration effect.  

 

2.7.3 Enhancement of skin permeation and drug targeting:  

 Increased skin hydration causes reduction of corneocytes packing and so it causes increase in the 

gap size between the coenocytes. This will enhance the percutaneous absorption. This effect 

cause more penetration of drugs in the deeper skin layers.43             

              

2.7.4 Improve benefit/risk ratio:  

Conventional topical formulations like gels, ointments and creams shows skin atrophy and 

systemic side effects. Many formulation shows skin irritations because of penetration enhancers 
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being the integral part of formulation. In one study Joshi et al. compared a valdecoxib-loaded 

NLC carbopol gel with a valdecoxib market product which concludes lesser irritation with the 

lipid nanoparticles bearing gels. 44 

 

2.7.5 Enhancement of UV blocking activity51:  

Organic UV blockers shows various side effects like allergic reactions and skin irritation. Various 

studies prove that such side effects can be reduced by incorporating them in to lipid nanoparticles 

like SLN and NLC.  

These findings were confirmed by Song and Lui comparing UV absorption properties of 3, 4, 5-

trimethoxybenzochitin-loaded SLN and SLN free system49.  

2.7.6 Enhancement of chemical stability of chemically labile 

compounds:  

 

Enhancement of chemical stability after incorporation into lipid nanocarriers was proven for 

many cosmetic actives, e.g. coenzyme Q 1048. 

Furthermore, a significant increase in SPF(Sun Protection Factor) up to about 50 was reported 

after the encapsulation of titanium dioxide into NLC.  

 

            

             2.8 LIPID NANOPARTICLES IN PSORIASIS: 

2.8.1: PSORIASIS AND ITS TYPES84,85 

Psoriasis is a common chronic, systemic, inflammatory disease most commonly manifested by 

painful and pruritic skin lesions on the elbows, knees, scalp, genitals, and trunk that has been 

estimated to affect 1% to 3% of the population worldwide. Psoriasis is classified according to 

morphological appearance and includes plaque, inverse, erythrodermic, pustular, and guttate 

forms, as well as nail manifestations. It is estimated that around 125 million people worldwide are 

suffering from Psoriasis. For each patient, this disease causes a considerable, quantifiable 

reduction in quality of life. Given this great burden of illness, psoriasis warrants significant 

clinical and research attention.  
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Over the past 20 years there have been many developments in the understanding of the genetic, 

molecular and cellular mechanisms that underlie these inflammatory processes and many new and 

effective treatments have been developed. The negative impact of these diseases on health-related 

quality of life (QoL) is comparable to that of ischaemic heart disease, diabetes, depression and 

cancer. 

TYPES OF PSORIASIS 

Psoriasis appears in a variety of forms with distinct characteristics. Typically, an individual has 

only one type of psoriasis at a time. Generally, one type of psoriasis will clear and another form 

of psoriasis will appear in response to a trigger. 

Plaque Psoriasis (psoriasis vulgaris) 

 

Plaque psoriasis (psoriasis vulgaris) is the most prevalent form of the disease. About 80 percent 

of those who have psoriasis have this type. It is characterized by raised, inflamed, red lesions 

covered by a silvery white scale. It is typically found on the elbows, knees, scalp and lower back. 

Guttate psoriasis 
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It is a form of psoriasis that often starts in childhood or young adulthood. The word guttate is 

from the Latin word meaning "drop." This form of psoriasis appears as small, red, individual 

spots on the skin. Guttate lesions usually appear on the trunk and limbs. These spots are not 

usually as thick as plaque lesions. 

Guttate psoriasis often comes on quite suddenly. A variety of conditions can bring on an attack of 

guttate psoriasis, including upper respiratory infections, streptococcal throat infections (strep 

throat), tonsillitis, stress, injury to the skin and the administration of certain drugs including 

antimalarials and beta-blockers. 

Inverse Psoriasis: 

 

Inverse psoriasis is found in the armpits, groin, under the breasts, and in other skin folds around 

the genitals and the buttocks. This type of psoriasis appears as bright-red lesions that are smooth 

and shiny. Inverse psoriasis is subject to irritation from rubbing and sweating because of its 

location in skin folds and tender areas. It can be more troublesome in overweight people and 

those with deep skin folds. 
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Pustular Psoriasis: 

 

Primarily seen in adults, pustular psoriasis is characterized by white blisters of noninfectious pus 

(consisting of white blood cells) surrounded by red skin. There are three types of pustular 

psoriasis. 

Pustular psoriasis may be localized to certain areas of the body, such as the hands and feet, or 

covering most of the body. It begins with the reddening of the skin followed by formation of 

pustules and scaling. 

Pustular psoriasis may be triggered by internal medications, irritating topical agents, 

overexposure to UV light, pregnancy, systemic steroids, infections, stress and sudden withdrawal 

of systemic medications or potent topical steroids. 

Erythrodermic Psoriasis: 

 

Erythrodermic psoriasis is a particularly inflammatory form of psoriasis that affects most of the 

body surface. It may occur in association with von Zumbusch pustular psoriasis. It is 

characterized by periodic, widespread, fiery redness of the skin and the shedding of scales in 
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sheets, rather than smaller flakes. The reddening and shedding of the skin are often accompanied 

by severe itching and pain, heart rate increase, and fluctuating body temperature86. 

People experiencing the symptoms of erythrodermic psoriasis flare should go see a doctor 

immediately. Erythrodermic psoriasis causes protein and fluid loss that can lead to severe illness. 

The condition may also bring on infection, pneumonia and congestive heart failure. People with 

severe cases of this condition often require hospitalization87. 

Known triggers of erythrodermic psoriasis include the abrupt withdrawal of a systemic psoriasis 

treatment including cortisone; allergic reaction to a drug resulting in the Koebner response; 

severe sunburns; infection; and medications such as lithium, anti-malarial drugs; and strong coal 

tar products 

COMORBIDITIES: 

Patients with psoriasis or psoriatic arthritis have been identified as being at increased risk of a 

number of comorbid conditions including diabetes mellitus (DM), hypertension (HTN), coronary 

heart disease (CHD), inflammatory bowel disease (IBD), lymphoma and depression. High body 

mass index (BMI), smoking and alcohol may influence the onset of disease and, in the case of 

obesity, its extent In addition, smoking, excessive alcohol consumption and obesity may have an 

adverse effect on comorbid conditions such as cardiovascular disease and diabetes. 

2.9 CURRENT TREATMENT89  

Topical treatment  

Vitamin D analogues  

Corticosteroids   

Dithranol  

Tars  

Retinoids  

Novel topical treatment. 

Phototherapy 
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Ultraviolet B  

Psoralen plus ultraviolet A therapy  

Excimer laser  

Systemic retinoids  

Etretinate and acitretin  

Isotretinoin  

Liarozole  

Methotrexate and antimetabolites  

Methotrexate  

Hydroxyurea  

Cyclosporin and calcineurin antagonists 

Cyclosporin 

Tacrolimus  

Sirolimus  

Others  

6-Thioguanine  

Mycophenolate mofetil  

Azathioprine  

Sulfasalazine  

Fumaric acid esters  

Selective immunobiological developments  

Decreasing the number of pathogenic T-cells  

Denileukin diftitox (immunological name: IL-2/DAB, brand name: Ontak)  

Daclizumab (immunological name: anti-CD25, brand name: Zenapax)  
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Basiliximab (immunological name: anti-CD25, brand name: Simulect)  

OKTcdr4a (immunological name: anti-CD4)  

Efalizumab (immunological name: anti-CD11a, brand name: Raptiva) 

Alefacept (immunological name: LFA-3/TIP, brand name: Amevive)  

Siplizumab (immunological name: anti-CD2, brand name: Medi-507)  

 IDEC-114 (immunological name: anti-CD80)  

BMS 188667 (immunological name: CTLA4Ig)  

Blocking T-cell migration and adhesion  

Efalizumab  

Antagonising effector cytokines  

Oprelvekin (immunological name: rIL-11, brand name: Neumega)  

rIL-10 (brand name: Tenovil) 

Interleukin-4  

Infliximab (immunological name: anti-TNF-a, brand name: Remicade)  

Etenercept (immunological name: anti-TNF-a, brand name: Embrel)    

2.10 TOPICAL LIPID NANOPARTICLES IN PSORIASIS 90, 91: 

Topical therapies remain the mainstay of treatment for mild psoriasis. Patients with severe 

psoriasis often use topical therapies (at least for selected body areas). The main groups of topical 

therapies for psoriasis are emollients, vitamin D and its analogues (abbreviated to ‘vitamin D 

analogues’), topical corticosteroids (including combination preparations), coal tar preparations, 

dithranol, and tazarotene (a topical retinoid). As well as differences in efficacy and side effects 

(most frequently local irritation) some of these preparations are easier to use than others for 

different patterns of psoriasis. A wide choice of therapies is useful. 

• Lipid nanoparticles shows many advantages of colloidal carriers.  

• Specifically they are the colloidal carrier of the choice because it show,  
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• Close contact/Interaction with the SC.  

• Increase of skin Occlusion  

• Increase Of skin hydration and elasticity.  

• Enhancement of skin permeation.  

• Enhancement of Chemical Stability of the chemically labile compounds.  

• Physical stability in topical formulations  
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3.1 PSORIASIS TREATMENT MANAGEMENTS 

Nickoloff BJ et al. 2008 discusses about  Immunopathogenesis of psoriasis. They 

discussed about recent developments in the area of genetics, the untangling of the 

cytokine web and signaling pathways, the immunological synapse Xenotransplantation 

models and growing importance of selectively targeted therapies globally. 

Myers WA et al. 2006 writes about Psoriatic arthritis a kind of inflammatory arthritis 

develops in considerable proportion of the patients suffering from psoriasis. They suggest 

role of T cells and inflammatory cytokines such as Tumor necrosis factor-alpha in the 

pathogenesis of psoriasis and psoriatic arthritis. They discusses about therapies for both 

manifestations, skin and musculoskeletal [1] 

Ayala F et al 2007 studied clinical presentation of psoriasis. She studied about spectrum 

of clinical features and evolution of these features in different types of psoriasis. Various 

types of psoriasis like Plaque psoriasis, Pustular and erythrodermic psoriasis also 

discusses about various rare forms of psoriasis like Nail psoriasis, lip psoriasis and oral 

psoriasis. [2] 

Lisi P et al 2007 described about various diagnostic techniques for psoriasis. Various 

observations like parakeratosis, acanthosis of the epidermal ridges, perivascular 

leukocytic infiltrate; the Munro microabscess and the spongiform pustule of Kogoj and 

tortuous and dilated blood vessels are identification of psoriasis. She also described about 

various diagnostic doubts exists in atypical types of psoriasis. [3] 

Guglielmetti A et al 2012  described about inverse psoriasis involved in genital skin 

folds. A rare form of psoriasis which affects 3 % and 7% of the patients suffering from 

psoriasis. There are rare evidence based therapies available for it. They described about 

use of Dapsone for the treatment of this disease. They tried to work on easy and 

convenient alternative for the treatment of genital inverse psoriasis. [4] 
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3.2 TOPICAL DRUG DELIVERY SYSTEMS FOR THE TREATMENT OF 

PSORIASIS 

Katare OP et al 2010 described about novel drug delivery systems in the topical 

treatment of psoriasis. They described manifold increase in the safety and efficacy of the 

topical formulations bearing novel drug delivery formulations like solid lipid 

nanoparticles, Nano structured lipid carrier, nanoemulsions and microemulsions. [5] 

Mitra A et al 2010 described about importance of topical drug delivery in the treatment 

of psoriasis. They explained topical drug delivery as a cornerstone for the treatment of 

mild to moderate form of psoriasis. They also described about the use of topical therapy 

as adjunctive with the systemic therapies. Modified release of topical formulations for 

managing rate and extent of drug release ensures better therapeutic value and increased 

patient compliance. [6] 

Kurian et al, 2011 described about effective topical therapies for the management of 

psoriasis. Traditional approaches for the treatment of psoriasis like application of coal tar, 

vitamin D derivatives and topical corticosteroids creates bases of topical drug delivery. 

They described tailored vehicles and sophisticated delivery mode enhances the 

applicability of topcal delivery in management of mild psoriasis. [7] 

Gorgievska Sukarovska B 2006 described about corticosteroids therapy and sparing 

corticosteroid therapy for topical management of psoriasis. They described about 

combining corticosteroids with various other drugs like coaltar , Vitamin D analouges, 

retinoids, anthralins, keratolytics and topical immunomodulators. [8] 

 

3.3 TAZAROTENE FOR THE THERAPY OF PSORIASIS 

Tanghetti E et al 2018 describes about emerging role of tazarotene in the treatment of 

plague psoriasis and its safety and efficacy in treatment strategies for various forms of 

psoriasis. They described about combination treatment with tazarotene and topical 

corticosteroids. They concluded increased efficacy with this combination. They explained 

that irriataion caused by tazarotene is compensated by anti-inflammatory effect of topical 

corticosteroids. [9] 
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Weinstein GD et al 1997 described about gel formulation of Tazarotene. They studied 

about safety and efficacy of Tazarotene in treatment of plague psoriasis. The topical 

tazarotene treatment is showing significant improvements on skin lesions. They described 

that 0.05% and 0.1% strength were showing good onset of action and were found 

similarly effective in reducing elevation of plagues. [10] 

Koo J et al 2003 described about efficacy of topical tazarotene in the treatment of 

psoriasis as monotherapy and as combination therapy. The monotherapy have certain 

limitations like skin irritation (including pruritus), erythema and a burning sensation 

however the drug combination with corticosteroids compensate certain adverse reaction 

and therefore superior to monotherapy. [11] 

Marks R et al 1997 described about clinical safety of Tazarotene in the treatment of 

plague psoriasis. Oral retinoid therapy do have adverse drug reactions including 

teratogenic risk involved with it. In preclinical studies the topical treatment of Tazarotene 

is non mutagenic, non carcinogenic and non teratogenic. Mild to moderate skin irritation 

is the manageable adverse reactions observed with topical Tazarotene drug treatment. 

[12] 

 

3.4 LIPID NANOPARTICELS ( SLN and NLC for Various Treatments)  

Ricci et al. 2006  investigated the in vitro penetration of indomethacin from NLC-

containing gel and gel without NLC through the stratum corneum and epidermis47. The 

group studied about prolonged effect of Indomethacin gel. In vivo anti inflammatory 

activity shows prolonged topical effect of gel loaded with lipid nanoparticles. [13]   

 Liu J et al. 2006 investigated on skin penetration of lipid nanoparticles. An increase of 

skin penetration was reported for coenzyme Q 10 (Q10)-loaded SLN compared to Q10 in 

liquid paraffin and isopropanol. The cumulative amounts of Q10 were determined 

performing a tape stripping test.[14] 

 

Jenning et al.2000 worked on retinol for epidermal targeting. They compared lipid 

nanoparticles woth conventional topical formulations like cream and emulsion. They 

reported at least four fold increase in skin penetration. This strategy improved the 
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bioavailability at the site of action, reduces the required dose and the dose-dependent side 

effects like irritation and stinging.[15]  

 

Chen et al. 2006  compared podophyllotoxin-loaded SLN with podophyllotoxin tincture 

with regards to skin permeation, skin penetration and epidermal targeting effect. The 

podophyllotoxin permeated porcine skin from the tincture while no permeation was 

found for drug-loaded SLN. For one SLN formulation an increased penetration into 

porcine skin up to about four times over the tincture was reported. It was found that 

podophyllotoxin was located in the epidermis and hair follicles when applied as SLN 

formulation.[16]  

 

Liu et al. 2007 has found that epidermal targeting of drug achieved using SLN. No drug 

was found in the dermis after SLN application while podophyllotoxin after tincture 

application was distributed in each layer of the skin. Therefore, a localization effect in the 

epidermis was suggested and a reduction in systemic side effects is expected after 

application of podophyllotoxin using a formulation containing SLN.[17] 

 

Joshi et al.2008 compared an NLC based gel of the NSAID drug celecoxib with a 

micellar gel of the same composition regarding the in vitro skin penetration using rat skin 

and the pharmacodynamic efficiency by Aerosil induced rat paw edema.This research 

confirms that nanoparticles leading to a drug deposit in the skin resulting in sustained 

release. Significantly higher pharmacodynamic effect observed with NLC based gel. 

 

3.4  PATENTS  

 

Sr 

No 

APPROACHES PATENT NO CLAIMS 

1 TAZAROTENE US9062037B2 

 

Subject matter of this Patents relates to 

new derivatives of tazarotene that also 

exhibit retinoid activity, pharmaceutical 

compositions comprising the derivatives, 
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method of treating skin disorders with 

the pharmaceutical compositions, and 

process of making the derivatives. 

2 Tazarotene for the 

treatment of 

Psoriasis 

US8071578B2 

 

The present invention provides a method 

for treating proliferative skin diseases 

comprising the administration of an 

effective amount of tazarotene and an 

effective amount of a corticosteroid. This 

invention is especially useful for treating 

psoriasis. 

3 Topical foam of 

Tazarotene 

US8808716B2 

 

The present invention relates to a novel 

oil in water emulsion aerosol foam 

composition containing an active agent 

for the treatment of various chronic and 

acute skin conditions, particularly acne 

and psoriasis; and processes for 

preparing the emulsion aerosol foam 

compositions. In particular, the present 

invention relates to oil in water emulsion 

aerosol foam compositions containing a 

retinoid in the oil phase. 

4 Topical Skin 

treating 

Composition 

US9107844B2 

 

A topical composition and methods of 

using same for treating various skin 

disorders or conditions. In a particular 

aspect, these compositions comprise a 

storage-stable benzoyl peroxide-

containing composition in suspension  

5 Lipid 

Nanoparticles 

US10251960B2 

 

The present invention discloses a 

solid lipid nanoparticle (SLN) 

comprising: a) a solid lipid core 

comprising various components 
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6 Process for 

preparing Lipid 

Nanoparticles 

US9005666B2 

 

A process for preparing nanocapsules 

with a liquid lipid core and a 

solid lipid shell, charged with at least one 

active agent.  

7 NanoParticles for 

Skin Delivery 

US8715736B2 

 

Methods and formulations for treating a 

condition of the skin by delivering 

therapeutic formulations to the skin that 

translocates active substances across the 

stratum corneum barrier to a targeted 

skin tissue. The methods and 

formulations comprise active substances 

encapsulated within surface modified 

nanostructured lipid carrier nanoparticles. 

8 Topical treatment 

of Psoriasis 

US4569935A 

 

A method is provided for 

treating psoriasis and seborrheic 

dermatitis in humans 

by topical application of an effective, 

lesion reducing amount of an imidazole 

antibiotic to affected areas. 

Classifications. 

9 Dermatological 

composition for 

the treatment of 

Psoriasis 

US4512978A 

 

Dermatological compositions containing 

urea, zinc oxide, castor oil and starch in a 

hydrophilic ointment are disclosed. The 

compositions can be used to treat certain 

diseases of the nails and skin. The 

compositions may also contain crude 

coal tar, hydrocortisone, petrolatum and 

water. 
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CHAPTER 4 

MATERIALS & METHODS 

4.1 MATERIALS 

The list of materials used in the present research was presented as Table 4.1. 

Table 4.1: List of Materials 

Materials Sources 

Chloroform RFCL Limited , India 

Methanol RFCL Limited, India 

Di Sodium Hydrogen Phosphate Merck, India 

Potassium Dihydrogen Phosphate Merck, India 

Protamine Sulphate Merck, India 

DCPT 069 Amoli Organics Ltd,India 

Glyceryl Monostearate Cutina, Germany  

Galol (Glyceryl Mono Stearate) Gattefose, Germany  

Compritol 88 Gattefose, Grrmany 

Gelucire 50/13 Pellets Gattefose, Germany  

Precirol Gattefose, Germany  

Oleic Acid Sasol, Germany  

Imwitor 948 Sasol, Germany  

Imwitor 491 Sasol, Germany  

Arlamol Croda, Germany  

Miglyol 840 Sasol, Germany  

Miglyol 829 Sasol, Germany  

Acconon Cc-6 Abitech, Germany  

Cremophor El ( Peg-35 Castor Oil) Basf, Germany  

PVA Basf Germany 

Poloxamer F 127 Lutrol, Basf, Germany 

Tween 80 Croda, Germany  

Protamine Sulphate Merck, Germany  

Di Sodium Hydrogen Phosphate Merck, Germany  

Potassium Dihydrogen Phosphate Merck, Germany  

Carbopol 980 NF Lubrizole, Germany  

Distilled Water - 

 

4.2 EQUIPMENTS 

The list of equipments used in the present research was presented as Table 4.1. 

Table 4.2: List of Equipments 

Equipments Manufacture / Make 

Electronic Balance Cpa2245 Sartorius, Germany  
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Homogemizer Ultraturrex T25 Basic Ika Labortechnik, Germany 

Hot Plate Cum Magnetic Stirrer Ika( Rh Basic), Germany 

Probe Sonicator Up100h Hielscher Ultrasound Technology, Country 

Zeta Sizer Nanoseries Nano- Zs Malvern Instruments, , Country 

Centrifuge 5702 Eppendorf, Germany  

UV -Spectrophotometer Beckman Du ® 640, Usa 

Brookfield Viscometer Cap 2000+ Viscometer., Usa 

Vortex Mixer(Ika Vortex Genius 3) Ika Labortechnik, Germany 

pH Meter temp controlled LABINDIA , India  

Micropippets Eppendorf Research, Germany 

Refrigerator Samsung Silver Nano Health System, Japan 

Bath Sonicator  Elma ® S 10 H Elmasonic , Country 

HPLC Beckman Du ® 640, Usa 

DSC Instrument Dsc-60, Shimadzu, Japan 

XRD Instrument Brucker Axs, D8 Advanced, Germany 

Scanning Electron Microscope  Jsm-5610lv, Jeol, Japan 

 

4.3 DRUG EXCIPIENT PROFILE 

4.3.1 Tazarotene 

Parameters Description 

Description A white or slightly yellowish crystalline powder 

STRUCTURE 

 

Average Molecular Weight 351.46  gm/mole 

State Solid 

Predicted Water Solubility 7.50e-04 g/l 

Predicted  

LogP/Hydrophobicity 

5.12 

pKa/Isoelectric Point 0 
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4.3.2 Cutina GMS VPH[1]  

GMS is available as Capmul GMS-50; Cutina GMS; 2,3-dihydroxypropyl octadecanoate; 

glycerine monostearate; glycerin monostearate; glycerol monostearate; glycerol stearate; 

glyceryl stearate; GMS; Imwitor 191; Imwitor 900; Kessco GMS; Lipo GMS 410; Lipo 

GMS 450; Lipo GMS 600; monoester with 1,2,3- propanetriol; monostearin; Myvaplex 

600P; Myvatex; 1,2,3- propanetriol octadecanoate; Protachem GMS-450; Rita GMS; 

stearic acid, monoester with glycerol; stearic monoglyceride; Stepan GMS; Tegin; Tegin 

503; Tegin 515; Tegin 4100; Tegin 

M; Unimate GMS. 

characters 

A hard, waxy mass or unctuous powder or flakes, white or almost white, practically 

insoluble in water, soluble in alcohol at 60 °C. 

Its functional categories includes Emollient; emulsifying agent; solubilizing agent; 

stabilizing agent; sustained-release ingredient; tablet and capsule lubricant. Glyceryl 

monostearate has also been used in a novel fluidized hot-melt granulation technique for 

the production of granules and tablets. 

The HLB value of GMS is 3.8. 

Indication Used to treat psoriasis, acne and sun damaged skin 

(photodamage). 

Pharmacology Active form of the drug (tazarotenic acid) binds to all 3 

members of the retinoic acid receptor (RAR) family: 

RARa, RARb, and RARg, but shows relative selectivity 

for RARb, and RARg and may modify gene expression. 

It also has affinity for RXR receptors. 

Half Life 18 hours 

Toxicity Excessive topical use may lead to marked redness, 

peeling, or discomfort. Oral ingestion of drug may affect 

liver function causing hypertriglyceridemia. 
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Solubility: soluble in hot ethanol, ether, chloroform, hot acetone, mineral oil, and fixed 

oils. Practically insoluble in water. 

Glyceryl monostearate is widely used in cosmetics, foods, and oral and topical 

pharmaceutical formulations and is generally regarded as a nontoxic and nonirritant 

material. 

LD50 (mouse, IP): 0.2 g/kg. 

Regulatory Status: 

GRAS (Generally regarded as safe) listed. Included in the FDA Inactive Ingredients 

Guide (oral capsules and tablets; ophthalmic, otic, rectal, topical, transdermal, and 

vaginal preparations). Included in nonparenteral medicines licensed in the UK. Included 

in the Canadian List of Acceptable Non-medicinal Ingredients. 

Glycerol monostearate 40-55 is a mixture of monoacylglycerols, mainly 

monostearoylglycerol, together with variable quantities of di- and triacylglycerols. It 

contains 40.0 per cent to 55.0 per cent of monoacylglycerols, 30.0 per cent to 45.0 per 

cent of diacylglycerols and 5.0 per cent to 15.0 per cent of triacylglycerols, obtained by 

partial glycerolysis of vegetable oils mainly containing triacylglycerols of palmitic or 

stearic acid or by esterification of glycerol with stearic acid 50 (type I), stearic acid 70 

(type II) or stearic acid 95 (type III). The fatty acids may be of vegetable or animal 

origin. In topical applications, glyceryl monostearate is less drying than straight stearate 

creams, and is not drying when used in protective applications. A specification for 

glyceryl monostearate is contained in the Food Chemicals Codex (FCC)[2]. 

  

CUTINA ® GMS VP H is officially listed in (quality conforms to) Ph. Eur., BP, 

USP/NF, JCIC, US DMF no. (TYPE IV) (NO. #16503) 

It also passes the ICH guideline for Residual solvents and conforms to requirements of 

Ph.Eur.5.2.8 for minimizing animal spongiform encephalopathy agents. Preservatives, 

Antioxidants, and Solvents are not present in CUTINA® GMS VP H   

 

4.3.3 Cremophor EL[3] 

CREMOPHOR EL is widely used in the pharmaceuticals, cosmetics and foodstuffs 

Industries. It is mostly used in the preparations of hydrophobic substances, e. g. fat-
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soluble vitamins and essential oils. The common names for the CREMOPHOR EL are 

Polyoxyethylene glycerol triricinoleate 35 (DAC), Polyoxyl 35 Castor Oil (USP/NF). 

 

Nature: Cremophor EL is a non-ionic Solubilizer and emulsifier obtained by causing 

ethylene oxide to react with castor oil of German Pharmacopoeia (DAB 8) quality in a 

molar ratio of 35 moles to 1 mole. 

 

Composition The main component of Cremophor EL is glycerol-polyethylene glycol 

ricinoleate, which, together with fatty acid esters of polyethyleneglycol, represents the 

hydrophobic part of the product. The smaller, hydrophilic part consists of polyethylene 

glycols and ethoxylated glycerol. 

 

Properties Cremophor EL is a pale yellow, oily liquid that is clear at temperatures above 

26 °C. It has a slight but characteristic odour and can be completely liquefied by heating 

to 26 °C. Cremophor EL is tolerated extremely well, as tests with single and repeated oral 

doses and exposure tests on the skin and mucous membranes have shown.  

Acute toxicity LD 50 (7 days follow-up period): 

Rat oral > 6.4 ml/kg 

Rabbit oral > 10.0 ml/kg 

Cat oral > 10.0 ml/kg 

Mouse i. v. 2.5 – 4 ml/kg 

Rat percutaneous > 4.0 ml/kg (maximum applicable dose) 

 

No characteristic toxic symptoms were observed after oral doses or application to the 

skin, and no pathological changes of the inner organs were discernible with the naked eye 

during autopsy. 

 

Skin Toxicity? :Irritation of skin and Contact for more than 20 hours between the 

undiluted product and the mucous membranes highly sensitive skin on the backs and ears 

of white rabbits caused only slight or insignificant inflammation that disappeared 

rapidly. 
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This instillation of 0.05 ml of Cremophor EL in the rabbit’s conjunctival sac only caused 

slight reddening of the conjunctiva that disappeared within a few hours. The application 

of a 50 % aqueous solution of the product caused slight irritation and lachrymation, both 

of which disappeared rapidly; 30 % aqueous solutions had no irritant effect. Cremophor 

EL should be stored in tightly closed containers and protected from light. Prolonged 

storage is not advisable unless the containers are completely full.  

 

4.3.4 Polyvinyl Alcohol[4] 

PVA is also known as Airvol; Alcotex; Elvanol; Gelvatol; Gohsenol; Lemol; Mowiol; 

Polyvinol; PVA; vinyl alcohol polymer Polyvinyl alcohol is a water-soluble synthetic 

polymer represented by the formula (C2H4O)n. The value of n for commercially 

available materials lies between 500 and 5000, equivalent to a molecular weight range of 

approximately 20 000–200 000,  

 

  Grade Molecular weight             Molecular weight  

      High viscosity                               ~200 000 

      Medium viscosity                         ~ 130 000 

      Low viscosity                                ~20 000 

 

Polyvinyl alcohol is used primarily in topical pharmaceutical and ophthalmic 

formulations. PVA is used as a surfactant in the concentration range of 1 to 5 %. It is 

used as a stabilizing agent for emulsions (0.25–3.0% w/v). Polyvinyl alcohol is also used 

as a viscosity-increasing agent for viscous formulations such as ophthalmic products. It is 

used in artificial tears and contact lens solutions for lubrication purposes, in sustained-

release formulations for oral administration,iii and in transdermal patches. Polyvinyl 

alcohol may be made into microspheres when mixed with a glutaraldehyde solution. 

Description: Polyvinyl alcohol occurs as an odorless, white to cream-colored granular 

powder. 

Solubility: soluble in water; slightly soluble in ethanol (95%); insoluble in organic 

solvents. Dissolution requires dispersion (wetting) of the solid in water at room 
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temperature followed by heating the mixture to about 908C for approximately 5 minutes. 

Mixing should be continued 

while the heated solution is cooled to room temperature.  

LD50 (mouse, oral): 14.7 g/kg 

LD50 (rat, oral): >20 g/kg 

 

4.3.5 Carbopol 980 NF[5] 

Carbopol is also known as Acritamer; acrylic acid polymer; Carbomer; carboxy 

polymethylene, 

Polyacrylic acid; carboxyvinyl polymer. 

Description Carbomers are white-colored, ‘fluffy’, acidic, hygroscopic powders with a 

slight characteristic odor. Carbomers are synthetic high-molecular-weight polymers of 

acrylic acid that are crosslinked with either allyl sucrose or allyl ethers of pentaerythritol. 

They contain between 56% and 68% of carboxylic acid (COOH) groups calculated on the 

dry basis. The molecular weight of carbomer resins is theoretically estimated at 7 ×105 to 

4 × 109. 

Functional Category: Bioadhesive; emulsifying agent; release-modifying agent; 

suspending agent; tablet binder; viscosity-increasing agent. Carbomers are mainly used in 

liquid or semisolid pharmaceutical formulations as suspending or viscosity-increasing 

agents. Formulations include creams, gels, and ointments for use in ophthalmic rectal and 

topical preparations. pH of the carbopol is 2.5–3.0 for a 1% w/v aqueous 

dispersion.soluble in water and, after neutralization, in ethanol (95%) and glycerin. 

Although they are described as ‘soluble’, carbomers do not dissolve but merely swell to a 

remarkable extent, since they are three dimensionally crosslinked microgels. 

Furthermore, the pharmacopeial specifications are unclear, in that neutralization with 

long-chain aliphatic amines or ethoxy- lated long-chain amines is required for 

swellability in ethanol, and with water-soluble amines for swellability in glycerin. 

Carbomers are generally regarded as essentially nontoxic and nonirritant materials; there 

is no evidence in humans of hypersensitivity reactions to carbomers used topically. 

 

4.4 METHODS 
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4.4.1 Estimation of Tazarotene by UV Spectroscopy:[17] [18] 

4.4.1.1 Determination of UV Maxima of Tazarotene:  Standard stock solution was 

prepared by dissolving 10 mg of tazarotene in 10 mL of mixture of methanol: chloroform 

(8:2). The aliquot of the stock solution was pipetted out into 10 mL volumetric flask and 

volume was made up to 10 mL with mixture of methanol: chloroform (8:2) to give final 

conc. ranging from 1-5 µg/mL (100 µg/mL). It was mixed by vortex mixture and λmax 

was determined by UV spectroscopic scanning (200-400 nm) of 100 µg/mL solution 

against reagent blank using UV-Visible spectrophotometer (model UV – 1800, 

Shimadzu, Japan). The UV maxima were plotted as Figure 4.1. The λmax of the solution 

was found to be 351.00 nm. The absorbance of the solution ranging from 1-5 µg/mL was 

measured at 351.00 nm in mixture of methanol: chloroform (8:2). 

 

Figure 4.1: UV Maxima of Tazarotene in Methanol:Cholroform (8:2) mixture 

4.4.1.2 Calibration Curve for Tazarotene by UV-Vis method:   

The calibration plot indicates linearity of the method. The method was validated for 

precision, accuracy, detection limit (DL) and quantitation limit (QL) according to 

following procedure. The concentrations were chosen as to cover minimum and 

maximum concentration from the linearity range.  

Accuracy: Standard addition method was used for accuracy study. To ascertain the 

accuracy of proposed method different known concentration of drug which is 80, 100 and 

120% of the nominal analytical concentration were added to a preanalyzed sample and 

the total concentration was found out using Beers law. The experiment was performed in 
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the triplicate. The values obtained through Beers law were compared to the original 

concentrations to check the accuracy of the method. 

Precision: Intraday deviation and interday deviation was checked for all five 

concentration. To study intraday deviation, solutions of all concentrations were prepared 

and analyzed at three different time during the day. To study inter day deviation the 

solutions were prepared and analyzed for three consecutive days. The experiment was 

performed in the six replicates and mean and % RSD was calculated for each 

concentration.  

Detection limit (DL) and Quantitation limit (QL): DL and QL were determined by the 

slope of calibration curve and y-intercept of regression equation. DL was calculated as 

3.3σ/S and QL was calculated as 10σ/S where σ is the standard deviation of y-intercept of 

regression equation and S is the slope of the calibration curve (1). (Give reference 

number). 

Calibration curve of Tazarotene in Phosphate buffer pH 6.8 

The same procedure as described in 3.3.1 was followed for preparation of stock and 

linearity range solution using pH 6.8 buffer.  

Interference study: To study interference of the formulation ingredient during the 

estimation of the drug, UV scanning of 5 μg/mL drug solution was carried out. 

Interference with solid lipid: To the 5 μg/mL solution of Drug, the Cutina Glyceryl 

monostearate (Cutina GMS) solution was added. The Cutina GMS solution was added 

such that the ratio of lipid: drug (Cutina GMS: Tazarotene) was 7:3 in the final solution. 

The prepared solution was scanned to determine the change in the spectrum, if any. 

Interference with liquid lipid: The solution of the Cremophor EL is added in the 5 μg/mL 

drug solution such that, in Final solution the ratio of the liquid lipid: Drug (Cremophor 

EL: Tazarotene) is 3:1. The prepared solution was again scanned to determine the change 

in the spectrum, if any.  

Method:  

(A) Preparation of Standard Curve for Tazarotene in Methanol:Chloroform (8:2): 

Weighed accurately 25 mg of Tazarotene and placed in 250 ml of volumetric flask and 

the volume was made up to the mark with methanol:chloroform mixture (8:2). Aliquots 

of 1, 2, 3, 4, and 5 ml were taken from the prepared stock solution and were diluted to 
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100 ml with methanol:chloroform mixture (8:2) to prepare 1, 2, 3, 4, 5μg/ml and then the 

absorbance were taken at 351nm, keeping methanol as blank solution. The data and graph 

of standard curve were given in Table 4.3 and Figure 4.2 respectively. 

 

Table 4.3: Standard curve data of Tazarotene in Methanol:Chloroform (8:2) 

Sr. 

No. 

Concentrati

on (μg/ml) 

Absorbance at 351nm 

I II III Average SD 

1 0 0 0 0 0 0 

2 1 0.209 0.203 0.203 0.2051 0.0034 

3 2 0.451 0.462 0.453 0.4552 0.0059 

4 3 0.675 0.691 0.687 0.6843 0.0083 

5 4 0.904 0.919 0.919 0.9141 0.0087 

6 5 1.119 1.210 1.277 1.2021 0.0793 

 

 

Figure 4.2: Standard curve of Tazarotene in Methanol:Chloroform (8:2) 

 

Linearity was observed between 0-5μg/ml concentrations of the drug, and the drug obeys 

Beer’s law in the range of 0-5μg/ml concentration of drug. 
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(B) Preparation of Standard Curve for Tazarotene in Phosphate Buffer pH 8: 

Weighed accurately 25 mg of Tazarotene and placed in 250 ml of volumetric flask and 

the volume was made up to the mark with solution of phosphate buffer pH 8. Aliquots of 

1, 2, 3, 4, and 5 ml were taken from the prepared stock solution and were diluted to 100 

ml with solution of phosphate buffer pH 8 to prepare 1, 2, 3, 4, 5μg/ml and then the 

absorbance was taken at 351nm, keeping phosphate buffer pH 8 as blank solution. 

Results and plot of standard curve are given in Table 4.4 and Figure 4.3 respectively. 

 

Table 4.4: Standard curve data of Tazarotene in Phosphate Buffer pH 8 

Sr. 

No. 

Concentrati

on (μg/ml) 

Absorbance at 351nm 

I II III Average SD 

1 0 0 0 0 0 0 

2 1 0.201 0.188 0.205 0.1981 0.0090 

3 2 0.415 0.432 0.438 0.4283 0.0119 

4 3 0.662 0.646 0.651 0.6531 0.0082 

5 4 0.887 0.899 0.894 0.8932 0.0060 

6 5 1.119 1.201 1.188 1.1694 0.0441 
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Figure 4.3: Standard curve of Tazarotene in Phosphate Buffer pH 8 

Linearity was observed between 0-5μg/ml concentrations of the drug, and the drug obeys 

Beer’s law in the range of 0-5μg/ml concentration of drug. 

 

4.1.2 Estimation of Tazarotene by HPLC:[19] 

The ex-vivo study was performed to determine the amount of drug penetrated through the 

skin and drug amount penetrated through the skin is very less, a sensitive method was 

required. HPLC method was used for more sensitive and selective than the UV 

spectrophotometric method. The reported HPLC method is used here (3). Give reference 

number). The following parameters were used for HPLC method:. 

Chromatographic condition:  

Column: Chromacil C-18; 4.6mm x 25cm; 5-µm packing  

Flow rate: 1.0 mL/min   

Injection volume: 20 μL  

Run time: 10 minutes  

Wavelength: 255 nm  

Mode: Isocratic 

Mobile phase preparation: Mix methanol and acetonitrile in 95:5 v/v and add 0.5 mL of 

triethylamine to 100 mL of mixture. Filter through 0.45μ nylon membrane filter and 

degas by sonication. 

 

Preparation of calibration plot of Tazarotene by HPLC method: Stock solution of 

1000 µg/mL was prepared in acetonitrile HPLC grade. The serial dilutions were prepared 

using mobile phase to get final concentration ranging from 0.1 µg/mL to 25 µg/mL 

(Table 4.5). The calibration plot was presented as Figure 4.4. 

Table 4.5: Calibration data of Tazarotene in HPLC mobile phase 

Sr. No. 
Concentration 

(μg/ ml) 

Area (mV.sec) 
SD 

I II III Mean 

1 0 0 0 0 0 0 

2 2.5 19.89 20.32 20.28 20.162 0.2366 

3 5 97.25 99.68 100.38 99.102 1.6412 

4 10 198.55 201.05 201.09 200.231 1.4559 
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5 25 705.11 712.98 712.73 710.273 4.4731 

 

 

Figure 4.4: Calibration curve of Tazarotene in mobile phase for HPLC method 

 

4.4.2 Method of Preparation of Tazarotene Formulations:[7] 

4.4.2.1 Method of preparation of NLCs: The NLCs were prepared by melt 

emulsification – sonication method. The specified quantity of solid lipid, liquid Lipid and 

drug tazarotene were taken in one beaker and heated up to 60°C. In another beaker, 

measured quantity (900 mg) of hydrophilic surfactant dissolved in 60 mL dist. water 

(1.5% w/v) was heated at 60°C as of lipid melt. The lipid melt was added to surfactant 

solution and was stirred by ULTRATURRAX T25 basic at 19000 rpm for 5 min with 

continued heating at 60°C. The emulsion was sonicated using probe sonicator 

(30amp.*0.5 Cycle*5min). The emulsion was allowed to cool at RT and the NLCs were 

stored in a glass bottle. After optimization explained in later chapter of thesis, Solid lipid 

: liquid lipid ratio has been optimized to 6.839, Lipid: Drug ratio has been optimized to 

12.240 and % surfactant has been optimized to 1.678. The solid lipid, liquid lipid and 

surfactant quantities were determined according to batch size. 
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4.4.2.2 Method of preparation of SLNs: 

Using the same manufacturing method, SLN was prepared by replacing the liquid lipid 

part with solid lipid. The rationale behind the SLN formulation was to compare the SLN 

with NLC for the topical application.  

4.4.2.3 Method of preparation of NLCs/SLNs incorporated Gel:[8] [9] 

The NLCs/SLNs dispersion was incorporated in 0.8% carbopol 980 NF gel which was 

prepared by pH change method. Triethanolamine was used as the alkylating agent. The 

Carbopol 980 NF was allowed to swell for 3 hours in distilled water. The gel was 

neutralized by dilute solution of triethanolamine. The NLC/SLN dispersion was added to 

the gel and mixed properly by using high speed stirrer at 500 rpm for 2 minutes. It was 

stored in well closed container. 

 

4.4.3 Evaluation of Parameters of Tazarotene Formulations: 

4.4.3.1 Characterization of Nanostructured Lipid Carriers: 

(A) Solubility Study: For formulation of NLCs of Tazarotene, the solubility of drugs in 

different lipids is an essential step. As higher solubility of drug in lipid would keep the 

drug inside the matrix of solid and liquid lipid and preventing it from leaching in 

crystalized form from the NLCs, which in turn would enhance the stability and life span 

of the formulation.   
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Solubility study in solid lipid: Various solid lipids like galol glyceryl mono stearate 

(GMS), cutina GMS, Precirol ATO 5, Compritol 88, Gelucire 50/13, Stearic acid, 

Dynasan 112 and Dynasan 114 were used for screening purpose.  

Around 50 mg of accurately weighed drug was taken. The weighed quantity of solid lipid 

was added in small increment to drug. The mixture was heated on hot plate cum magnetic 

stirrer till the clear melt was formed. The amount of solid lipid required to solubilize 50 

mg of drug was noted down.  

Solubility study in liquid lipid: Different oil, triglycerides and derivatives of oil such as 

olive oil, imwitor 948, imwitor 491, miglyol 829, miglyol 849, cremophor EL, arlamol 

and acconon cc 6 were used for screening based on solubility of drug in it. 

Excess amount of drug was added into 1.5 mL of liquid lipid and was shaken for 24 h 

using a rotary shaker. The mixture was centrifuged at 5000 rpm for 15 min so as the 

undissolved drug settled down. The supernatant was appropriately diluted to analyze drug 

using UV method developed for drug in chloroform: methanol solvent mixture. 

 (B) Particle size and Poly Disperse Index (PDI): The size 

analysis of nanoparticles was performed by photon correlation spectroscopy technique 

using Zetasizer Nano-ZS (Malvern) at 25° C. Based on the principle of Dynamic light 

scattering size of particles ranging in submicron region can be measured. It measures the 

fluctuation of the intensity of the scattered light which is caused by particle’s Brownian 

motion. Brownian motion is a random movement of particles due to the bombardment by 

the solvent molecules that surround them. The parameter calculated is defined as the 

transitional diffusion coefficient (usually given as D). The particle size is then calculated 

from the translational diffusion coefficient by the Stokes-Einstein equation.  

Each sample was suitably diluted with filtered distilled water (10 times) to avoid multi 

scattering phenomena and placed in a small disposable size cell. The size analysis of a 

sample consisted of about 13 measurements for each run and results were expressed as 

mean size ± SD.  

The PDI of Tazarotene nanoparticles was performed Malvern Zetasizer Nano ZS. Each 

sample was suitably diluted with filtered distilled water (10 times) to avoid multi 
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scattering phenomena and placed in small disposable size cell. The measurement was 

carried out at 25°C.   

(C) Partition Coefficient: To study partition behavior of drug in solid lipid, partition co-

efficient was measured. 1 gm of lipid (solid/liquid), 50 mg Tazarotene and 10 mL of 

distilled water were measured separately. One gram lipid was warmed in a water bath at 

65°±1°C till it melted and 50 mg drug was dispersed in it. 10 mL distilled water 

maintained at the same temperature as of lipid was added to the melt mixture. It was 

stirred for 30 min. After cooling, the aqueous phase was separated by ultracentrifugation 

(Remi, Mumbai, India) and the tazarotene content was measured. Partition coefficient 

was calculated by following Eqn. 3.  

PC = (AI – AW)/AW   . . . . .  Eqn. 3 

Where, AI is initial amount of drug added, i.e. 50 mg of tazarotene, AW is the amount of 

tazarotene present in the aqueous phase. 

(D) Zeta potential (ZP): Zeta potential was measured with a zeta 

nanoparticle electrophoresis analyzer set up equipped with a 5-mV He-Ne laser 

(Zetasizer Nano ZS). Each sample was suitably diluted with filtered distilled water and 

placed in zeta cell. The electrophoretic mobility (μm/sec) was converted to zeta potential 

by in-built software using Helmholtz-Smoluchowski equation. Average of 30 

measurements of each sample was used to derive average zeta potential. 

(E) Physicochemical characterization: The NLC dispersion was 

characterized for physicochemical properties such as colour, odour and stability after 

centrifugation. Centrifugation was performed at 200 g for 20 minutes using centrifuge. 

(F) Drug Content: For determination of amount of drug, 0.1 ml of formulation was 

taken and diluted with Chloroform: Methanol (3:7) solution and volume was made up to 

100 ml. The diluted solution was analyzed by UV spectrophotometer as described  in 

Section 4.2.2.  

(G) % Entrapment Efficiency (%EE): Free drug and entrapped drug were measured 

for mass balance.  The free (unentrapped drug) was separated using centrifugation at low 

speed of 3000 rpm for 5 min and supernant (which was NLCs dispersion) was taken. 

Pellet was dissolved in chloroform: methanol (3:7) and absorbance was taken using in 
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UV Spectrophotometer, from which gave unentrapped drug amount was calculated.  The 

NLCs dispersion (supernatant) was diluted with chloroform: methanol (3:7) and 

absorbance was taken at 351 nm against blank to determine entrapped drug. Then, %EE 

was calculated by Eqn. 1. 

%EE = (Drug entrapped*100)/Total Tazarotene added        . . . . .  Eqn. 1 

(H) Occlusion Test: 50 ml of dist. water was taken in 125 mL beaker and the beaker was 

covered with Whatman filter paper. SLN/NLC dispersion, SLN/NLC gel and plain gel 

were applied uniformly on the different filter papers. One beaker was covered with filter 

paper, but without sample, served as a reference. All beakers were kept at RT. The area 

of the filter paper was 23.74 cm2. The initial weight of beakers was recorded and the 

samples were weighed after 6, 24 and 48 hrs to calculate the water loss due to 

evaporation at each time (water flux through the filter paper). The Occlusion factor (F) 

was calculated according to the Eqn. 2.  

F = ((A-B)/A) x 100   . . . . .  Eqn. 2 

Where A is the water loss without sample (Control) and B is the Water loss with sample. 

(An occlusion factor of Zero means no occlusive effect compared with the reference, and 

100 is the maximum occlusion factor.) 

(I) DSC ANALYSIS: DSC analysis was carried out using a Differential Scanning 

Calorimeter (DSC-60, Shimadzu, Japan) at a heating rate of 20°C per minute in the range 

of 30°C to 300°C under inert nitrogen atmosphere at a flow rate of 40 ml/min. DSC 

thermo grams were recorded for Drug, Glyceryl Monostearate, physical mixture (of drug 

and Glyceryl Monostearate) and Lyophilized drug loaded NLCs and SLNs[11] . 

(J) XRD ANALYSIS: XRD study was performed to study the crystalline properties of 

the drug before and after incorporation in the lipid nanoparticles. The XRD of Bulk API, 

Glyceryl Monostearate, and lyophilized formulations was carried out using X-ray 

diffractometer (XRD) (Brucker AXS, D8 advanced, Germany) at ERDA, (Electrical 

Research and Development Association) Baroda, Gujarat.  

(K) SEM ANALYSIS: For studying the surface morphology of Lyophilized NLCs and 

SLNs, scanning electron microscopy (JSM-5610LV, JEOL, Japan) was used. Samples 

were attached to sample stubs and platinum coating was done, and then viewed using an 

accelerating voltage at the magnification of 10,000.[12] [13] 
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4.4.3.2 Characterization of Gel Formulation: 

(A) pH: pH of the gel was measured by digital pH meter.  

(B) Drug Content: For determination of Drug content in the gel formulation, 1 gm of the 

gel was taken and extracted with chloroform: methanol mixture (3:7). The mixture was 

diluted sufficiently and analyzed by UV spectroscopy. 

(C) Homogeneity: Gel was tested for homogeneity by visual inspection after the gel was 

set in the container. It was tested for appearance and presence of any aggregates. For 

determination of the homogeneity three samples of 1 gm gel were taken from the 

different sites from the gel container. The gels were extracted with chloroform: methanol 

mixture (3:7). The mixture was diluted sufficiently and analyzed by UV spectroscopy.  

(D) Viscosity: Viscosity of the formulation was determined using Brookfield cone and 

plate Rheometer (Model LVDV III) using CPE spindle at 25°C.The speed utilized is 20 

rpm. 

(E) In-vitro Drug Release: In vitro release study was performed using modified Franz 

diffusion cell.  

Artificial Dialysis Membrane: Dialysis membrane having pore size 2.4 nm and molecular 

weight cut-off of 12000 Da was used.  

Dialysis Membrane Activation: The dialysis membrane tubing was washed in running 

water for 3-4 hours to remove glycerol followed by treatment of tubing with sodium 

sulfide solution (0.3% w/v) at 80°C for 1 minute to remove sulfur compounds. Then, it 

was washed with hot water (60°C) for 2 minutes, followed by acidification with a 0.2% 

(v/v) solution of sulfuric acid, then rinsed with hot water to remove the acid. Then the 

dialysis membranes were dipped overnight in the diffusion medium (PBS 6.8) before 

dialysis.[14] 

 

Drug Diffusion Study: The formulation equivalent to 10 mg Tazarotene was applied to 

the donor compartment and the receptor Compartment was filled with 6.8 pH Phosphate 

buffer (100 ml). The area of the diffusion is 3.79 cm2. During the experiments, the 

solution in the receptor side was maintained at 37°C and stirred at 100 rpm with Teflon-

coated magnetic stirring bars. At fixed time intervals, 5 ml aliquot was withdrawn and 
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analyzed by UV spectroscopy after doing sufficient dilution. To Find out flux of the drug 

from the membrane quantity of the drug released is divided by area of drug release (Q/A). 

The plot of Q/A vs time was plotted. The slope of the plot indicates the flux. 

 

4.4.3.3 Cytotoxicity Study: [24] 

A 431 (Skin cancer) epithelial cell line procured from NCCS, Pune, India was used for 

cytotoxicity study. 

Media Preparation: DMEM (Dulbecco’s Modified Eagle Medium) (procured from 

HiMedia) with added 10% Fetal Bovine Serum (FBS) and 0.5% antibiotic solution was 

used as media for culturing cells at 37°C. The cells of A 431 were maintained in 5% CO2 

incubator.   

Subculture procedure: After 70 – 80 % confluency of cells in culture flask, subculturing 

was carried out. The complete media from the flask was removed aseptically in laminar 

air flow hood. After gentle wash with PBS 7.4, the trypsin – EDTA treatment for NMT 2 

min was carried out. The trypsin – EDTA treatment detaches the adherent cells from the 

flask and the roundup of the cells was visible under microscope. The cell suspension was 

then transferred to centrifuge tube. After centrifuge for 2 min at 1000 rpm, the 

supernatant was removed and the cells were re suspended in complete media. The cells 

were counted using neubauer’s chamber under microscope after staining with tryphan 

blue. Accordingly, the cells were subcultured in other flask after appropriate cell density 

was obtained.  

A. MTT assay: 

Principle: The MTT assay is colorimetric assay for measuring the activity of enzymes 

that reduce MTT to formazan, giving a purple colour. This conversion reaction takes 

place in mitochondria and so the assay is therefore a measure of mitochondrial activity. 

Hence, In-vitro cytotoxicity of the developed formulation can be evaluated by using MTT 

assay. Since the formulation is non-toxic to cells, the cells would convert the yellow 

MTT dye to purple coloured formazan. Lesser the toxicity of the formulation, more will 

be the viability resulting in purple color development after the treatment which can be 

compared to control.  
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Yellow MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, a tetrazole) 

is reduced to purple formazan in the mitochondria of living cells. The amount of 

formazan produced is directly proportional to the viable number of cell in range of cell 

lines. Dimethyl-sulfoxide was added to dissolve the insoluble purple formazan product 

and make a coloured solution. The absorbance of this coloured solution is then quantified 

by measuring at 570nm wavelength using ELISA plate reader.  

 

 

Procedure: After counting the cells, 104 cells were seeded in each well of 96 well plate 

with 200 µl of complete media. After the cells get adhered at  around 24 h, the 

formulation treatment was given for 6 h using 1000 µg/mL, 500 µg/mL, 100 µg/mL and 

10 µg/mL concentration. After the treatment, the formulation was removed and 10 µL of 

MTT dye (5 mg/mL) was added to each well containing 100 µL of complete media. The 

cells were further incubated for 4 h after MTT treatment. Then 100 µL of DMSO was 

added to each well for solubilization of Formazan crystal. After adding DMSO, the plate 

was incubated for 2 h to allow the solubilization of formazan crystal. Then absorbance 

was read at 570 nm using ELISA plate reader. Based on the comparative absorption of 

control cells, the % viability was calculated.  

B. Cellular uptake using confocal microscopy [30] 

Qualitative cellular uptake was carried out after proliferating the cells on a coverslip in a 

6 well plate. The cells were treated with formulations prepared by replacing the drug with 

Coumarin-6 dye for 4 h. After treatment, the coverslips were washed with phosphate 

buffer saline pH 7.4 thrice. DAPI was used to stain nuclei. Following staining, the 

coverslips were mounted using glycerin. The slides were observed using confocal 

microscopy (ZEISS LSM, Germany) and images were processed for color channeling 

using ZEN lite – Blue edition software.      
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4.4.3.4 EX-VIVO STUDIES [23]  

Drug penetration into certain layers of the skin can be achieved using lipid based 

vesicular drug delivery system such as SLN and NLC as a consequence of the creation of 

a supersaturated system. Supersaturation is a very useful method of enhancing the 

permeation of drugs across membranes such as skin. Unlike other methods, it does not 

interfere with the ultrastructure of the stratum corneum. Incorporation of lipid vesicle into 

transdermal or topical formulations (creams, ointments, emulsions, gels) can be 

performed to create supersaturated systems. The increase in saturation solubility will lead 

to an increased diffusion pressure of drug into the skin. The developed semi-solid 

systems consist of a three-dimensional vehicle (hydrogel or hydrophilic cream) which is 

interpenetrated by an aqueous dispersion of SLNs and NLCs. During storage, the drug 

remains in the lipid matrix because these particles preserve their original structure. 

Method: Ex vivo study was performed using full-thickness rat abdominal skin. After 

euthanasia by cervical dislocation, the abdominal skin of rat was removed and dipped 

into phosphate buffer solution (pH 6.8). After removing hair from the rat skin by electric 

clipper, it was mounted (stratum corneum facing upward) on Franz diffusion cell 

(diameter 1 cm, effective surface area 0.785 cm2) filled with 20 mL diffusion media in 

receptor chamber. The media was pH 6.8 buffer maintained at 37±0.5°C. The 

formulations, drug loaded SLN and drug loaded NLC in hydrogel and drug suspension in 

hydrogel, equivalent to 1 mg of drug were placed on the skin. 1 mL aliquot was 

withdrawn at predetermined time points for up to 24 h and was analyzed by validated 

HPLC method.   

At the end of the permeation for 24 h, the skin surface was washed thrice with the 

diffusion media. The collected diffusion media was filtered through 0.22 µm nylon filter 

(Himedia, India) under vacuum and the filtrate was analyzed by HPLC (Shimadzu, 

Japan) to determine the drug remained on the skin. 

To determine drug deposition in skin, the skin was chopped into fine pieces and 

homogenized by tissue homogenizer in methanol with intermittent sonication cycles. The 

drug so extracted in methanol was analyzed by HPLC after filtration and centrifugation. 

(A) Histopathology: Animals were killed by decapitation after anesthesia then after skin 

biopsies were taken and preserved in 4% paraformaldehyde solution containing glass 
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vials. 4 µm thick sections were stained with hematoxylin–eosin to determine gross 

histopathology and collagen deposition, respectively. Sections were examined for 

presence of Munro’s microabscesss, elongation of rete ridges, and capillary loop dilation 

by direct microscopy. The vertical epidermal thickness between the dermoepidermal 

junction and the lowest part of the stratum corneum were examined. The percentage 

relative epidermal thickness of all the groups was calculated in comparison with the 

positive control group. It was also examined for mean thickness of stratum corneum and 

stratum granulosum. The slides were analyzed at 400-fold magnification using optical 

microscope. 

(B) SKIN DEPOSITION STUDY: 

For qualitative analysis of the skin deposition the fluorescence dye was used. The 

NLC/SLN was prepared with 6-coumarin as a fluorescence dye. For the purpose of this 

study the optimized formula is used except the drug is replaced with the dye. Here the 6-

coumarin is selected as the marker dye because its physicochemical properties are 

somewhat similar to drug. The Formulated SLN/NLC were evaluated for other response 

parameters as to check the similarity of the formulation with the drug loaded 

nanoparticles. Gels incorporating various formulations were applied on rats abdominal 

skin. After six hours the rat was sacrificed and skin was excised and immediately 

immersed in 10% buffered formalin, dehydrated in graded concentrations of ethanol, 

immersed in xylene, and then embedded in paraffin. The 5-μm thick sections of skin were 

cut using microtome and were mounted on slide using commercial glycerol’s mounting 

fluid. The paraffin wax was removed by warming the slide gently, until the wax melted, 

and then was washed with xylene followed by washings with absolute alcohol and water. 

The slides were prepared and analyzed under the fluorescence microscope. 

(C) Biochemical Analysis [27]  

The tissues were excised and store in formalin solution at -20° C until used for the 

estimation of hydroxyproline content.  The tissue samples were hydrolyzed with 6N HCL 

for three hours at 130° C then after neutralized to pH 7.0. After that tissue was subjected 

to chloramines-T oxidation for 20 min. after 5 min 2.5 ml each to ehrlich reagent was 

added. The sample tube was immersed in a water bath at 60° C for 25 min. Tubes were 

transferred to ice bath for cooling. Samples were stirred after addition of 6.6 ml Isopropyl 
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Alcohol. At last samples were analyzed in 1 cm cuvettes by UV spectrophotometer at a 

wavelength 557 nm against control (distilled water).  

 

4.4.3.6 In-Vivo Animal Study:[23] [24][25] 

Animals: The in vivo studies were performed on male BALB/c mice (30-45 g) procured 

from Maliba college of Pharmacy, Surat, India. The protocol for the study was duly 

approved by Institutional Animal Ethics Committee, Maliba college of Pharmacy, Surat, 

India, vide protocol approval no: MPC/IAEC/24/2017. All experimental procedures were 

carried out as per Committee for the Purpose of Control and Supervision of Experiments 

on Animals (CPCSEA) guidelines released by Ministry of Environment, Forests and 

Climate Change, Govt of India. The animals were housed in polypropylene cages under 

laboratory conditions of controlled environment of temperature 25 ± 2 °C, 60 ± 5% RH 

and 12 h dark/light cycle. Three animals per cage were fed ad libitum with animal feed 

allowing free access to drinking water. After acclimatization, the animals were randomly 

allocated to groups having six animals in each group for pharmacodynamic study. 

A. Acute Dermal Toxicity Study [26]: The acute dermal toxicity performed according 

to the Organization for economic co-operation and development (OECD) guidelines no. 

402 [3]. Approximately 24 h before the test, 10% hairs of the body were removed from 

the dorsal area of the test animal using shaving blade. Animals were divided into three 

groups having 6 animals in each groups study. Group I animals were considered as 

control, Group II and Group III animals received topically test formulation – SLN gel and 

NLC gel at 0.1%w/w of drug dose respectively (Table 4.6). All animals were monitored 

for 14 days for changes in fur, eyes, behavior and toxic reactions. 

Table 4.6:  Acute Dermal Toxicity Study 

Groups (n=6) 
Samples topically applied at a dose of 0.1%w/w in 

gel 

1 Normal control Placebo gel (In-house developed) 

2 Formulation-1 treated SLN gel 

3 Formulation-2 treated NLC gel 
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B. Anti-Psoriatic Activity Evaluation [28] [29] [30] 

Animal Model: Imiquimod (IMQ) induced psoriatic model [26]: The dermatitis was 

induced by topical application of IMQ on mouse dorsal skin as it closely resembles 

human plaque-type psoriasis lesions - not only with respect to phenotypic presentation 

and histological characteristics, but also in the development of the inflamed scaly skin 

lesions. Therefore, the murine psoriasis model was constructed in this study by topical 

application of IMQ on mouse dorsal skin [4-6]. 

Mechanism to induce Psoriasis:  

• Activation of TLR7 and TLR8 expressed by monocytes, macrophages and 

dendritic cells → increased activation of pro-inflammatory cytokines and chemokines. 

• Infiltration of T cells, dendritic cells, macrophages and neutrophils.  

• Altered dermal vascularity. 

 

Figure 4.5: Mechanism of Psoriasis induction using Imiquimod 

 

In brief, the BALB/c mice were topically applied with a daily dose of 5 mg IMQ 

commercially available cream on the shaved dorsal skin and right ear for 10 days. The 

treated area was examined daily for skin inflammation or lesions, the clinical psoriasis 

area and severity index (PASI) was scored based on the extent of erythema, scaling and 

epidermal thickening of the inflammation on the dorsal region. The extent of epidermal 

thickening was determined at ear site, which is aggravated in case of psoriasis. Treatment 

was initiated with the formulations from 7th day onwards keeping aside Group – 1 
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(control) and Group – 2 (IMQ treated group - received only imiquimod dose). The rest of 

the groups received a daily treatment of the formulations in the evening along with 

continuous dose of IMQ which was applied in the morning.  

 

To score the severity of inflammation of the back skin, an objective scoring system was 

developed based on the clinical Psoriasis Area and Severity Index (PASI), except that for 

the mouse model the affected skin area is not taken into account in the overall score. 

Erythema, scaling, and thickening were scored independently on a scale from 0 to 4: 0, 

none; 1, slight; 2, moderate; 3, marked; 4, very marked. The level of erythema was scored 

using a scoring table with red taints [7]. The cumulative score (erythema plus scaling plus 

thickening) served as a measure of the severity of inflammation (scale 0–12). At the days 

indicated, the ear thickness of the right ear was measured in duplicate using a micrometer 

[8]. The increase in ear thickness was used to indicate the extent of inflammation. At the 

end of the study (21st day), all animals were euthanized. 

 

On 21st day (7 days IMQ + 14 days treatment) the mice were sacrificed and skin was 

collected from each animal. Punch biopsies of lesioned skin samples from each mouse of 

each group were fixed in 4% paraformaldehyde and paraffin embedded for histological 

analysis. The grouping of animals was presented in Table 4.7. 

Table 4.7: Grouping of animals for Anti-psoriatic activity assessment 

Groups (n=6) Treatment  

1 Normal Control Untreated 

2 Disease Control - IMQ treated IMQ 

3 Zorotene Gel® treatment (marketed formulation) IMQ + Zorotene gel 

4 Formulation-1 treatment IMQ + SLN gel 

5 Formulation-2 treatment IMQ + NLC gel 

 

 

4.4.3.7 Stability Study: 
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Stability study for NLC and SLN Dispersion and Gels incorporating NLC and SLN was 

conducted at two storage conditions for 3 months: 1. Room temperature (270C), and 2. 

Refrigerated temperature (2-8oC).  

Three batches of each of formulation were used for each condition. Refrigerator was used 

to maintain refrigerated conditions. The particle size is the most important parameter for 

activity and physical stability of any nano sized formulation. In addition to change in 

particle size, assay and percentage drug entrapped are found out periodically to determine 

the stability of drug in the formulation at both storage conditions. Zeta potential is very 

important parameter to study as a stability parameter. The gels incorporating NLC and 

SLN were the optimized formulation batches. Nanoparticulate system dispersed in the 

hydrogels generally shows better physical stability. The final formulation was analysed 

for pH, Total Drug content, appearance and psycho rheological parameter. 

To conduct the stability study, 20 ml of each batch was used. Immediately after 

preparation, formulation was characterized for particle size, zeta potential and total drug 

content. Each batch was divided in four different portions each of 5 mL. Out of these, 

two portions were stored at ambient temperature and two portions were stored under 

refrigerated condition (2-80C) for the period of three months. 
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Chapter 5 
FORMULATION DEVELOPMENT AND OPTIMIZATION OF LIPID BASED 

NANOCARRIERS OF TAZAROTENE EMPLOYING BOX BEHNKEN DESIGN 

 

5.1 INTRODUCTION 

Psoriasis is a chronic, systemic, inflammatory disease most commonly manifested 

by painful and pruritic skin lesions on the elbows, knees, scalp, genitals, and trunk that 

has been estimated to affect 1% to 3% of the population worldwide. Psoriasis is classified 

according to morphological appearance and includes plaque, inverse, erythrodermic, 

pustular, guttate forms, as well as nail manifestations. The disease causes a considerable 

and quantifiable reduction in quality of life (QoL) for the patient. Over the past 20 years, 

there were many developments in the understanding of the genetic, molecular and 

cellular mechanism that underlie these inflammatory processes and many new and 

effective treatments were developed. The negative impact of psoriasis on health-related 

quality of life can be comparable to that of ischaemic heart disease, diabetes, depression 

and cancer [1].  

Biologic, phototherapy, topical and systemic treatments can induce reduction of 

psoriasis, but such treatments depend on the severity of disease. Most patients with 

psoriasis have limited disease (less than 20% of the body surface area), so topical therapy 

is usually sufficient for such patients [2]. The patients with severe psoriasis often use 

topical therapies (for selected body areas). The main groups of topical therapies for 

psoriasis are emollients, vitamin D and its analogues (abbreviated to ‘vitamin D 

analogues’), topical corticosteroids (including combination preparations), coal tar 

preparations, dithranol, and tazarotene (a topical retinoid) [3,4]. Novel formulations 

based on nanocarriers may be promising to overcome the limitation of conventional 

formulations because of reduction in dose, dosing frequency, dose-dependent, side effect 

with enhanced efficacy in treatment of psoriasis [2].  

The lipid nanocarriers such as solid lipid nanoparticle (SLN), nanostructured lipid carrier 

(NLC), liposomes, ethosomes, microemulsions and lipid nanocapules are studied as a 

topical drug delivery system [5, 6]. Lipid nanoparticles showed many advantages of 

colloidal carriers. They are the colloidal carrier of the choice because they exhibit close 
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contact or interaction with the skin, increase of occlusion, increase of skin hydration, 

elasticity, sun protection, controlled release, skin targeting, and enhancement of skin 

permeation [7]. SLNs are the nano sized lipophilic matrix in which drug is effectively 

encapsulated. Lipids utilized in the preparation of SLNs include fatty acids, waxes, 

glycerides, triglycerides, etc. 

SLNs are termed as the first generation lipid based nanoparticles and have wide 

applicability in pharmaceutical medicine due to chemical stability, physical stability and 

biocompatibility with large number of drugs. SLNs have several other advantages such as 

modified release of the active compound, lipophilic and hydrophilic drugs incorporated 

easily and increased in skin hydration. However, drawbacks associated with SLNs are 

uncontrolled drug expulsion from the carrier and limited drug loading capacity. To 

overcome these limitations, a second generation of lipid nanoparticles, nanostructured 

lipid carriers (NLCs), has been developed. 

NLCs are composed of both solid and liquid lipids. Liquid Lipids (oil) 

incorporation causes structural imperfections of solid lipids due to which a perfect 

crystalline structure is deviated to form a crystal lattice with many spaces. The spaces are 

assumed to be imperfection, but these are the actual spaces where drug homes itself. 

Hence the liquid lipid are used which determines the state of nanocarriers as well as its 

loading capacity. Release pattern of the active constituents is also based on the blend of 

solid and liquid lipids. NLC is a blend of solid and liquid lipid which allows increased 

loading of the drug and have greater stability [5,7,8]. The topical formulation  is used for 

the localized effects at the site of application by virtue of drug penetration into the 

underlying layers of skin or mucous membranes [9]. The biggest advantages of topical 

delivery system are the bypass of first pass metabolism, avoidance  of  the risk and 

inconvenience of intravenous therapy and of the varied conditions of absorption, like pH 

change, presence of enzyme, gastric emptying time, etc. [9]. The semi-solid formulation 

in all their diversity dominates the system for topical delivery, and foam, spray, 

medicated powder, solution, and medicated adhesive system are used widely [10]. 

Tazarotene is the first receptor-selective retinoid for the topical treatment of 

plaque psoriasis [3]. On application, tazarotene is rapidly hydrolysed to its main 

metabolite, tazarotenic acid, which selectively binds to retinoic acid receptors (RARs) 
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and exhibits little affinity for retinoid X receptors [11, 12]. The predominant type of RAR 

expressed in the human epidermis is RAR, indicating that it may be an important 

mediator of retinoid action in skin [12, 13]. By regulating gene transcription, tazarotene 

normalizes abnormal keratinocyte differentiation, reduces epidermal hyper proliferation, 

and decreases inflammation, the 3 pathogenic factors in psoriasis, thereby producing a 

more normal expression of skin differentiation in psoriatic lesions [4, 14].  

The aim of the present study was to formulate, develop and optimize tazarotene 

SLNs and NCLs loaded gel for the treatment of psoriasis using statistical design. The 

formulated Lipid nanoparticles were evaluated for the size, Zeta potential, % EE, 

Thermal Behaviour, Occlusion Study, XRD Study, SEM analysis and in-vitro drug 

release.  Based on the results of single factor experiments of preliminary trials, three 

independent variables, Solid Lipid (Cutina GMS VPH): Liquid Lipid (Cremophor EL) 

ratio, Lipid (Cremophor EL): Drug (Tazarotene) ratio, % PVA), were confirmed as 

independent variables as X1, X2, and X3 respectively for formulation development of 

lipid based nanocarriers of tazarotene.  The SLN and NLC formulations containing 

tazarotene were formulated by statistical approach of Box-Behnken Design (BBD) using 

Design Expert Software trail version (Stat-Ease Inc. Minneapolis, MN, USA) by 

Response Surface Methodology augmented with 5 center points.  The dependent 

variables for the BBD batches were taken as size (Y1), zeta potential (Y2) and % 

entrapment efficiency (Y3). The contour plot and response surface plots were utilized in 

the optimization of the formulations. The optimized formulation was selected by 

desirability approach employing overlay plot using Expert Design software trial version. 

Stability study was carried out and the formulations were found stable.  

 

5.2 MATERIALS AND METHODS  

5.2.1 Materials 

Table 5.1: List of Materials 

Materials Sources 

Chloroform RFCL Limited , India 

Methanol RFCL Limited, India 

Di Sodium Hydrogen Phosphate Merck, India 

Potassium Dihydrogen Phosphate Merck, India 

Protamine Sulphate Merck, India 



GTU 89 

 

Dcpt 069 Amoli Organics Ltd,India 

Glyceryl Monostearate Cutina, Germany  

Galol (Glyceryl Mono Stearate) Gattefose, Germany  

Compritol 88 Gattefose, Grrmany 

Gelucire 50/13 Pellets Gattefose, Germany  

Precirol Gattefose, Germany  

Oleic Acid Sasol, Germany  

Imwitor 948 Sasol, Germany  

Imwitor 491 Sasol, Germany  

Arlamol Croda, Germany  

Miglyol 840 Sasol, Germany  

Miglyol 829 Sasol, Germany  

Acconon Cc-6 Abitech, Germany  

Cremophor El ( Peg-35 Castor Oil) Basf, Germany  

PVA Basf Germany 

Poloxamer F 127 Lutrol, Basf, Germany 

Tween 80 Croda, Germany  

Protamine Sulphate Merck, Germany  

Di Sodium Hydrogen Phosphate Merck, Germany  

Potassium Dihydrogen Phosphate Merck, Germany  

Carbopol 980 NF Lubrizole, Germany  

Distilled Water - 

 

5.2.2 Equipments 

Table 5.2: List of Equipments 

Equipments Manufacture / Make 

Electronic Balance Cpa2245 Sartorius, Germany  

Homogemizer Ultraturrex T25 Basic Ika Labortechnik, Germany 

Hot Plate Cum Magnetic Stirrer Ika( Rh Basic), Germany 

Probe Sonicator Up100h Hielscher Ultrasound Technology, Country 

Zeta Sizer Nanoseries Nano- Zs Malvern Instruments, , Country 

Centrifuge 5702 Eppendorf, Germany  

Uv -Spectrophotometer Beckman Du ® 640, Usa 

Brookfield Viscometer Cap 2000+ Viscometer., Usa 

Vortex Mixer(Ika Vortex Genius 3) Ika Labortechnik, Germany 

pH Meter temp controlled LABINDIA , India  

Micropippets Eppendorf Research, Germany 

Refrigerator Samsung Silver Nano Health System, Japan 

Bath Sonicator  Elma ® S 10 H Elmasonic , Country 

UV Spectrophotometer Beckman Du ® 640, Usa 
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DSC Instrument Dsc-60, Shimadzu, Japan 

XRD Instrument Brucker Axs, D8 Advanced, Germany 

Scanning Electron Microscope  Jsm-5610lv, Jeol, Japan 

 

5.2.3 Estimation of Tazarotene: The method was described in details in Chapter 4 

Section 4.4.1   

5.2.4 Method of Preparation of Lipid Nanoparticles i.e. SLNs and NLCs: 

5.2.4.1 Preparation of SLN/NLC formulations of Tazarotene: The NLCs was 

prepared by melt emulsification - sonication method (Reference). The SLNs was also 

prepared using same method by replacing the liquid lipid part with solid lipid. The solid 

lipid (Cutina GMS), and liquid lipid (Cremophor EL) was selected based on drug 

solubility study. The specified quantity of solid lipid, liquid Lipid and drug tazarotene 

were taken in one beaker and heated up to 60°C. In another beaker, measured quantity 

(900 mg) of hydrophilic surfactant dissolved in 60 mL dist. water (1.5% w/v) was heated 

at 60°C as of lipid melt. The lipid melt was added to surfactant solution and was stirred 

by ULTRATURRAX T25 basic at 19000 rpm for 5 min with continued heating at 60°C. 

The emulsion was sonicated using probe sonicator (30amp.*0.5 Cycle*5min). The 

emulsion was allowed to cool at RT and the NLCs were stored in a glass bottle.  

Using the same manufacturing method, SLN was prepared by replacing the liquid lipid 

part with solid lipid. The rationale behind the SLN formulation was to compare the SLN 

with NLC for the topical application.  

 

5.2.4.2 Method of preparation of Gel loaded with Tazarotene: The NLCs/SLNs 

dispersion was incorporated in 0.8% carbopol 980 NF gel which was prepared by pH 

change method. Triethanolamine was used as the alkylating agent. The Carbopol 980 NF 

was allowed to swell for 3 hours in distilled water. The gel was neutralized by dilute 

solution of triethanolamine. The NLC/SLN dispersion was added to the gel and mixed 

properly by using high speed stirrer at 500 rpm for 2 minutes. It was stored in well closed 

container. 

 

5.2.5 Measurement of Formulation Parameters: 

5.2.5.1 Evaluation of SLN/NLC formulations of Tazarotene 
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(A) Solubility of Drug in Lipid: The method was described in details in Chapter 4 

Section 4.4.3.1. 

(B) Physicochemical characterization: The NLC dispersion was characterized for their 

physicochemical properties such as colour, odour and stability after centrifugation. 

Centrifugation was performed at 200 g for 20 minutes using centrifuge. 

(C) Particle size [7]: The particles size and PDI of Tazarotene nanoparticles was 

performed Malvern Zetasizer Nano ZS. Each sample was suitably diluted with filtered 

distilled water (10 times) to avoid multi scattering phenomena and placed in small 

disposable size cell. The measurement was carried out at 25°C.   

(D) Zeta potential (ZP) [7]: The method was described in details in Chapter 4 Section 

4.4.3 

(E) Drug content: For determination of Tazarotene amount, 0.1 ml of formulation was 

taken and diluted with Chloroform: Methanol (3:7) solution and volume was made up to 

100 ml. The diluted solution was analyzed by UV spectrophotometer and amount of 

Tazarotene was calculated using calibration curve. 

(F) PDI: The method was described in details in Chapter 4 Section 4.4.3 

(G) Partition coefficient: The method was described in details in Chapter 4 Section 

4.4.3 

(H) % Drug entrapment efficiency (%EE): Free drug and entrapped drug were 

measured for mass balance.  The free (unentrapped drug) was separated using 

centrifugation at low speed of 3000 rpm for 5 min and supernant (which was NLCs 

dispersion) was taken. Pellet (which??) was dissolved in chloroform: methanol (3:7) and 

absorbance was taken using in UV Spectrophotometer, from which gave unentrapped 

drug amount was calculated.  The NLCs dispersion (supernatant) was diluted with 

chloroform: methanol (3:7) and absorbance was taken at 351 nm against blank to 

determine entrapped drug. Then, %EE was calculated by Eqn. 1. 

%EE = (Drug entrapped*100)/Total Tazarotene added        . . . . .  Eqn. 1 

(I) Occlusion test: 50 ml of dist. water was taken in 125 mL beaker and the beaker was 

covered with Whatman filter paper. SLN/NLC dispersion, SLN/NLC gel and plain gel 

were applied uniformly on the different filter papers. One beaker was covered with filter 
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paper, but without sample, served as a reference. All beakers were kept at RT. The area 

of the filter paper was 23.74 cm2. The initial weight of beakers was recorded and the 

samples were weighed after 6, 24 and 48 hrs to calculate the water loss due to 

evaporation at each time (water flux through the filter paper). The Occlusion factor (F) 

was calculated according to the Eqn. 2.  

F = ((A-B)/A) x 100   . . . . .  Eqn. 2 

Where A is the water loss without sample (Control) and B is the Water loss with sample. 

(An occlusion factor of Zero means no occlusive effect compared with the reference, and 

100 is the maximum occlusion factor.)  

(J) TEM study: The method was described in details in Chapter 4 Section 4.4.2 

(K) DSC study: The method was described in details in Chapter 4 Section 4.4.2 

 

5.2.5.2 Characterization of Gel [20]  

(A) pH: The pH of the gel was measured by digital pH meter.  

(B) Tazarotene Content: For determination of drug content in the gel formulation, 1 gm 

of the gel was taken and extracted with measured quantity of chloroform: methanol 

mixture (3:7). The mixture was suitably diluted suitably and analyzed by UV 

spectroscopy as described in Chapter 4 section 4.4.1. 

(C) Homogeneity: Gel was tested for homogeneity by visual inspection. The gel was set 

in the container. It was checked for appearance and presence of any aggregates. For 

determination of the homogeneity, three samples of 1 gm gel were taken from the 

different sites from the beaker containing gel. The gels were extracted with … ml 

chloroform: methanol mixture (3:7). The mixture was diluted suitably and analyzed by 

UV spectroscopy as described in Chapter 4 section 4.4.1.  

(D) Viscosity: Viscosity of the formulations was determined using Brookfield 

cone and plate Rheometer (Model LVDV III) using CPE spindle at 25°C and utilized at 

20 rpm. 
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5.2.6 Formulation of preliminary trials 

5.2.6.1 Selection of solid/liquid Lipid:  

(A) Solubility study of lipid: The screening of solid/liquid lipid was based on the 

solubility of Tazarotene to obtain clear solution in lipid which melted under normal light 

when seen with the naked eye. 50 mg tazarotene and varying quantity of solid/liquid lipid 

were heated above the melting point of the lipid in a temperature controlled water bath 

with continuous stirring in 15 ml glass vial. After melting the lipid in vial, the solubility 

of drug measured at 24 hrs (Reference). The results of solubility study were presented in 

Table 5.3 and Figure 5.1 (A) and (B). 

Table 5.3: Solubility of Tazarotene in lipids 

Name of Solid 

Lipid 

Solid lipid required 

to dissolve 50 mg of 

drug (mg) 

Name of Liquid 

Lipid 

Solubility of 

drug in Liquid 

lipid (mg/mL) 

Galol GMS 

(Gattefosse) 
436.5 ± 2.3 Olive oil 13.16 ± 0.74 

Cutina GMS VPH 422.3 ± 3.53 Imwitor 948 16.67 ± 0.45 

Precirol ATO 5 793 ± 2.24  Imwiotr 491 9.6 ± 0.65 

Compritol 88 560 ± 3.74  Miglyol 829 5.82 ±0.34 

Gelucire 50/13 498.2 ± 3.32 Miglyol 849 5.53 ±0.64 

Stearic acid 590.2 ± 3.23 Cremophor EL 45.45 ±0.34 

Dynasan 112 691.2 ± 4.43 Arlamol 25.0 ±0.47 

Dynasan 114 630.4 ± 2.26 Acconon cc 6 32.54 ± 0.83 

 

(B) Partition coefficient: To study partition behavior of drug in solid lipid, partition co-

efficient was measured. 1 gm of lipid (solid/liquid), 50 mg Tazarotene and 10 mL of 

distilled water were measured separately. One gram lipid was warmed in a water bath at 

65°±1°C till it melted and 50 mg drug was dispersed in it. 10 mL distilled water 

maintained at the same temperature as of lipid was added to the melt mixture. It was 

stirred for 30 min. After cooling, the aqueous phase was separated by ultracentrifugation 

(Remi, Mumbai, India) and the tazarotene content was measured. Partition coefficient 

was calculated by following Eqn. 3.  

PC = (AI – AW)/AW   . . . . .  Eqn. 3 

Where, AI is initial amount of drug added, i.e. 50 mg of tazarotene, AW is the amount of 

tazarotene present in the aqueous phase. 
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The results of partition coefficient were presented in Table 5.4 and Figure 5.2. 

Table 5.4: Results of Partition Coefficient of Tazarotene in lipids 

Solid Lipid 
Partition 

Coefficient 
Liquid Lipid 

Partition 

Coefficient 

Galol GMS (Gattefosse) 2.289 Olive oil 1.213 

Cutina GMS VPH 3.202 Imwitor 948 1.326 

Precirol ATO 5 1.485 Imwiotr 491 0.92 

Compritol 88 2.086 Miglyol 829 0.789 

Gelucire 50/13 pellets 2.125 Miglyol 849 0.635 

Stearic acid 1.838 Cremophor EL 3.423 

Dynasan 112 1.514 Arlamol 1.856 

Dynasan 114 1.634 Acconon cc 6 3.021 

 

5.2.6.2 Selection of solid lipid: liquid lipid and lipid:drug ratio: For initial trials, the 

ratio of solid lipid: liquid lipid was taken as 7:3 as reported in the literature.[9] Keeping 

1% PVA as surfactant solution, the preliminary trials were taken for selection lipid: drug 

ratio from 5:1 to 13:1 to formulate lipid nanoparticles of Tazarotene. The size, PDI and % 

EE were measured for the formulations (n=3). The formulation details of the batches of 

lipid drug ratio were presented in Table 5.5 and the results were shown in Table 5.6.  

Table 5.5: Screening trials for selection of amount of lipid drug ratio 

Batch Solid lipid: Liquid lipid Lipid: Drug ratio 

L1 7:3 5:1 

L2 7:3 6:1 

L3 7:3 7:1 

L4 7:3 8:1 

L5 7:3 9:1 

L6 7:3 10:1 

L7 7:3 11:1 

L8 7:3 12:1 

L9 7:3 13:1 

 

5.2.6.3 Selection of surfactant: Surfactant (Poloxamer F 127, Tween 80 or PVA) was 

taken at 1% concentration. The lipid:drug ratio of 11:1 was used and the size, zeta 

potential and storage stability at 4° C for 2 days were measured (Table 5.7).  

 

5.2.7 Optimization of Tazarotene NLC Formulations by Box Behnken Design 

Factorial designs are used in experiments when the effects of different factors or 

conditions on experiment results are to be elucidated. Factorial designs are the design of 
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choice of simultaneous determination of the effects of several factors and their 

interaction. The factors may be qualitative or quantitative. The levels of each factor are 

the values or designations assigned to combinations, of all levels, of all factors. The 

effects of a factor are the change in response caused by varying the levels(s) of the factor. 

The important objective of a factorial experiment is to characterize the effect of changing 

the levels of the factor or combination of factors on the response variable.[10] 

Advantages of Factorial Design: 

- The most important attribute of this design is that the effects are measured with 

maximum precision. 

- In absence of interaction, they have maximum efficiency in estimating main effects. 

- Maximum use is made of the data, since all main effects and interaction are calculated 

from the data. 

- Since factors effects are measured over varying levels of other factors, conclusions 

apply to wide range of condition. 

- The estimated effect and interaction are independent of effect of other factors. 

- If interaction occurs, factorial designs are necessary to reveal and identity the 

interaction. 

Response surface methodology (RSM) is a collection of mathematical and 

statistical techniques that are useful for the modeling and analysis of problems in which a 

response of interest is influenced by several variables and the objective is to optimize this 

response. In most RSM problems, the form of the relationship between the response and 

the independent variables is unknown. The first step in RSM is to find a suitable 

approximation for the true functional relationship between y and the set of independent 

variables. Usually, a low-order polynomial in some region of the independent variables is 

employed. If the response is well modeled by a linear function of the independent 

variables, then the approximating function is the first-order model 

             . . . . .  Eqn. 4 

If there is curvature in the system, then a polynomial of higher degree must be used, such 

as the second-order model 

        . . . . .  Eqn. 5 
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Box and Behnken in 1960 proposed some three-level designs for fitting response 

surfaces. These designs are formed by combining 2k factorials with incomplete block 

designs. The resulting designs are very efficient in terms of the number of required 

runs.[8]  

From the fishbone diagram, the variables were identified. The variables which 

affect less to the final quality product of tazarotene NLCs were kept constant based on 

preliminary batches formulation experience and literature survey. Those variables which 

had medium risk were optimized during formulation development by taking trials. The 

technique termed as one variable at a time (OVAT) approach was used for medium risk 

factors. The high risk factors were optimized by a statistical approach of design of 

experiment (DoE). For these variables, a robust design space was generated within which 

even if the level of high risk factor varies it won’t affect the final quality of the product. 

Thus, by combining the different approaches of identification of factors (Fishbone 

diagram), screening of factors, statistical techniques (DoE) and traditional technique 

(OVAT), the optimized Tazarotene NLCs were formulated.  

Based on the results of single factor experiments of preliminary trials, three 

independent variables, Solid Lipid (Cutina GMS VPH): Liquid Lipid (Cremophor EL) 

ratio, Lipid (Cremophor EL): Drug (Tazarotene) ratio, % PVA), were confirmed as X1, 

X2, and X3 respectively for formulation development of lipid based nanocarriers of 

tazarotene.  The SLN and NLC formulations containing tazarotene were formulated by 

statistical approach of Box-Behnken Design (BBD) using Design Expert Software trail 

version (Stat-Ease Inc. Minneapolis, MN, USA) by Response Surface Methodology 

augmented with 5 center points.  The levels of experiment variables were presented in 

Table 5.8. The Box-Behnken Design matrix generated by software was shown in Table 

5.9. The BBD batches F1 to F17 were prepared and the responses for the BBD batches 

were taken as size (Y1), zeta potential (Y2) and % entrapment efficiency (Y3). The batch 

size was of – mL. The runs and responses for BBD were presented in Table 5.10. The 

contour plot and response surface plots were utilized in the optimization of the 

formulations. The optimized formulation was selected by desirability approach 

employing overlay plot using Expert Design software trial version. The results of the 

optimized formulation were validated with the experimental practical values.  
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Table 5.8: Levels of the independent variables used in Box-Behnken Design 

Factors Level 

-1 0 1 

Solid Lipid (Cutina GMS VPH): Liquid Lipid (Cremophor 

EL) ratio, X1 

2 5.5 9 

Lipid (Cremophor EL): Drug (Tazarotene) ratio, X2 9 11 13 

% PVA, X3 1 1.5 2 

 

Table 5.9: Box-Behnken Design Matrix for independent variables 

Batch 

Solid lipid: 

Liquid 

Lipid (X1) 

Lipid : 

Drug (X2) 

% PVA 

(X3) 

Solid lipid: 

Liquid 

Lipid (X1) 

Lipid : 

Drug (X2) 

% PVA 

(X3) 

F1 9 9:1 1.5 1 -1 0 

F2 9 11:1 1 1 0 -1 

F3 5.5 11:1 1.5 0 0 0 

F4 9 11:1 2 1 0 1 

F5 5.5 11:1 1.5 0 0 0 

F6 5.5 13:1 1 0 1 -1 

F7 5.5 11:1 1.5 0 0 0 

F8 2 11:1 2 -1 0 1 

F9 2 13:1 1.5 -1 1 0 

F10 5.5 11:1 1.5 0 0 0 

F11 2 11:1 1 -1 0 -1 

F12 5.5 13:1 2 0 1 1 

F13 5.5 11:1 1.5 0 0 0 

F14 5.5 9:1 1 0 -1 -1 

F15 5.5 9:1 2 0 -1 1 

F16 2 9:1 1.5 -1 -1 0 

F17 9 13:1 1.5 1 1 0 

 

5.2.8: Stability Study 

Stability of selected formulations was carried out as per the method described in details in 

Chapter 4 section 4.4.3.7 
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5.3 RESULTS & DISCUSSION 

5.3.1 Preliminary Trials 

5.3.1.1 Selection of solid/liquid Lipid: The results of solubility study for selection of 

lipid were presented in Table 5.2 and Figure 5.1 (A) and (B). 

 
Figure 5.1 (A): Results of solubility study for selection of solid lipid  

 
Figure 5.1 (B): Results of Solubility study for Selection of Liquid lipid 

 

The results of partition coefficient were presented in Table 5.3 and Figure 5.2. 
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Figure 5.2: Results of Partition coefficient of lipids 

          The amount of Cutina GMS VPH required was 422.3 mg to dissolve 50 mg of drug  

which was minimum amount amongst the solid lipids, and Cremophor EL solubilized 

45.45 mg drug/ml which was maximum amongst the liquid lipids (Fig 5.1 (A) and (B)). 

The partition coefficient of Cutina GMS VPH was 3.202, and of Cremophor EL was 

3.432, which was maximum in their respective group (Fig. 5.2). From the results of 

solubility and partition behaviour, Cutina GMS VPH, and Cremophor EL were selected 

as solid lipid, and liquid lipid respectively. 

 

5.3.1.2 Selection of solid lipid: liquid lipid and lipid:drug ratio: For initial trials, the 

ratio of solid lipid: liquid lipid was taken as 7:3 as reported in the literature.[11] Keeping 

1% PVA as surfactant solution, the preliminary trials were taken for selection 

lipid:Tazarotene ratio from 5:1 to 13:1 to formulate lipid nanoparticles of Tazarotene. 

The size, PDI and % EE were measured for the formulations (n=3). The formulation 

details and results of parameters of the batches were presented in Table 5.6.  

Table 5.6: Screening trials for Selection of Lipid amount 

Batch Lipid: Drug ratio Size (nm) PDI %EE 

L1 5:1 Not formed - - 

L2 6:1 Not formed - - 

L3 7:1 Not formed - - 

L4 8:1 160 ± 29 0.121 ± 0.007 40.35 ± 4.63 

L5 9:1 172 ± 38 0.213 ± 0.012 56. 56 ± 3.87 

L6 10:1 215 ± 35 0.172 ± 0.009 62. 78 ± 4.35 

L7 11:1 225 ± 24 0.111 ± 0.013 73.42 ± 5.32 

L8 12:1 250 ± 40 0.142 ± 0.017 79.52 ± 4.98 
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L9 13:1 289 ± 38 0.138 ± 0.012 84.23 ± 5.53 

 

It was observed that when lipid amount was very less i.e. 5:1, the NLCs were not formed 

making it essential to increase the lipid amount to be used. The formation of NLCs 

started at the ratio of 8:1 (Table 5.6). Non-formation of NLCs at lower lipid amount 

might be because of formation of lipid along with drug is encapsulated inside the micellar 

structure of surfactant used. By increasing the concentration of lipid, the random 

disordered structure of solid lipid was formed due to presence of liquid lipid which 

solubilized Tazarotene inside. There was increase in size of NLCs and %EE by 

increasing the lipid:drug ratio from 8:1 to 13:1. At 13:1 ratio, entrapment was around 

84%, but the size was around 289 nm which was on higher side. Batch L7 gave 

satisfactory results, hence lipid:drug ratio of 11:1 was used in further trails at medium 

level.  

5.3.1.3 Selection of surfactant: Surfactant (Poloxamer F 127, Tween 80 or PVA) was 

taken at 1% concentration. The lipid:Tazarotene ratio of 11:1 was used, solid lipid: liquid 

lipid ratio was taken as 7:3, and the size, zeta potential and storage stability at 4° C for 2 

days were measured (Table 5.7). PVA provided of - 46.5 mV of zeta potential which 

indicated the more stability of formulation as compared to Poloxamer F 127 and Tween 

80. Even the storage stability of NLCs displayed the same. The storage stability should be 

considered more important for final NLCs formulation till it reaches to the patient. In 

tween 80 formulation, there was gel formation at the wall indicating instability due to 

separation of the two phases of NLCs during storage at 4°C. Hence, PVA was finalized at 

1% low level in further trials as surfactant. From the results of the preliminary trails, 

Cutina GMS VPH, Cremophor EL and PVA were selected as solid lipid, liquid lipid and 

surfactant respectively. 

Table 5.7: Results of Selection of surfactant and its level 

Surfactant 
Dispersion 

color 

Size 

(nm) 
PDI 

Zeta 

Potential 

Storage 

stability 

Poloxamer 

F 127 

White 

dispersion 
293±15 0.115±0.010 -21.1±3.8 

Aggregated 

Particles 

Tween 80 
Slight yellowish 

dispersion 
275±22 0.120±0.017 -14.5±2.3 

Gel 

formation at 

wall 

PVA Off white 280±19 0.139±0.013 - 46.5±5.3 No change in 
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dispersion Dispersion 

 

5.3.2 Optimization of Tazarotene NLC Formulations by Box Behnken Design 

Lesser size (Y1) of the NLC formulation provides better contact time because of its larger 

surface area. Lesser size of nanoparticles increases the effectiveness. With PVA as 

surfactant, the zeta potential (ZP) resulted in negative value. So, more negative value of 

ZP is desirable for stability optimization. The more the %EE, lesser amount of lipid and 

other excipients would be needed which can lead to cost cutting. The independent 

variables Solid Lipid: Liquid Lipid (X1), Lipid: drug Ratio (X2) and Surfactant 

concentration (X3) were used as input to produce stable NLCs having dependent 

variables particle size (Y1), zeta potential (Y2) and % entrapment efficiency (EE) (Y3) in 

BB Design . The coded and actual values of independent variable were shown in Table 

5.8. The runs and responses for BB Design batches were presented in Table 5.10. 

Multiple regression analysis was carried out for the responses using MS Excel. The 

reduced model was obtained by using significant terms (p > 0.05) was considered 

nonsignificant and such termed were neglected) for all the responses. The contour and 

response surface plot were constructed using Design Expert version 12 (Demo version). 

Table 5.10: Run and Responses of Box Behnken design of Tazarotene NLC 

Formulations 

Batch 

Solid lipid: 

Liquid 

Lipid (X1) 

Lipid : 

Drug (X2) 

% PVA 

(X3) 

Size (Y1) 

(nm) 

Zeta 

Potential 

(Y2) (mV) 

%EE (Y3) 

F1 9 9:1 1.5 224±09.41 -40.12±2.96 56.11±5.12 

F2 9 11:1 1 250±11.24 -31.25±4.26 63.29±6.43 

F3 5.5 11:1 1.5 225±05.49 -40.10±4.28 65.20±2.34 

F4 9 11:1 2 219±08.54 -48.12±4.62 62.23±6.27 

F5 5.5 11:1 1.5 225±05.49 -40.10±4.28 65.20±2.34 

F6 5.5 13:1 1 285±09.86 -30.03±2.75 70.23±2.65 

F7 5.5 11:1 1.5 225±05.49 -40.10±4.28 65.20±2.34 

F8 2 11:1 2 260±08.75 -50.11±2.65 65.13±7.53 

F9 2 13:1 1.5 266±09.43 -39.13±3.15 70.68±3.15 

F10 5.5 11:1 1.5 225±05.49 -40.10±4.28 65.20±2.34 

F11 2 11:1 1 295±05.48 -22.53±5.29 69.43±5.37 

F12 5.5 13:1 2 243±04.74 -45.52±4.32 62.12±4.96 

F13 5.5 11:1 1.5 225±05.49 -40.10±4.28 65.20±2.34 

F14 5.5 9:1 1 273±08.65 -28.14±3.16 58.21±6.53 

F15 5.5 9:1 2 260±11.74 -50.02±2.71 55.07±4.98 

F16 2 9:1 1.5 273±09.25 -40.14±4.53 60.25±5.26 

F17 9 13:1 1.5 225±12.93 -44.42±5.23 65.12±8.47 
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The selected design of experiment was Box-Behnken design which is a type of surface 

response design. The resulted 17 runs were randomized in order to remove any bias error 

of the model. The design model for the three factors was quadratic model which indicates 

complex relationship between input and the output variables (Table 5.11). The quadratic 

model was found to be valid only when the study was performed in single block.  

Table 5.11:  BB Design Summary 

Response Units Minimum Maximum Mean Std. Dev. Model 

Size, R1 Nm 219 295 246.941 25.0511 Quadratic 

Zeta 

Potential, R2 
mV -50.11 -22.53 

-

39.4135 
7.64596 Quadratic 

Entrapment, 

R3 
% 55.07 70.68 63.7571 4.46096 Quadratic 

 

Fraction of design space (FDS) graph was generated at process sigma, Delta=2, s = 1 and 

α risk level of 0.05 as shown in Fig 5.3. It displayed the area/volume of the design space 

having a mean std error less than or equal to a specified value. The ratio of the 

area/volume to total area/volume was the fraction of design space. This figure indicated 

that 37% of design space has a relative std error of less than 0.5 from the graph. It 

suggested that only 37% design space was precise enough to predict the response.  

 
 

 

 

 

 

 

Figure 5.3:  FDS graph for BB design model. 
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5.3.2.1 Statistical Analysis for Size (Y1): 

Model selection: Based on the R2 value for model selection as shown in Table 5.12, 

quadratic model was selected for the response Y1. 

Table 5.12: Model selection for Response Size (Y1) 

Source Std. Dev. R² Adjusted R² Predicted R² PRESS  

Linear 18.54 0.5549 0.4522 0.3092 6936.67  

2FI 20.59 0.5778 0.3245 -0.1667 11714.69  

Quadratic 1.92 0.9974 0.9941 0.9712 289.32 Suggested 

Cubic 0.0000 1.0000 1.0000  * Aliased 

 

Due to lack of orthogonality, even though adjusted R2 value is high for cubic model, it 

was aliased. The PRESS (predicted residual error sum of squares) statistics also indicated 

that the selected model, quadratic is perfect.  

ANOVA Analysis: To identify the significant parameters and their interaction, analysis 

of variance was performed for each parameter. The ANOVA for particle size was given 

in Table 5.13. 

Table 5.13:  ANOVA for Response Y1 (Size) 

Source 
Sum of 

Squares 
Df 

Mean 

Square 

F 

Value 

p-value 

Prob > F 

Model 10015.10 9 1112.79 301.49 < 0.0001 

A-Solid:Liquid Lipid 3863.43 1 3863.43 1046.73 < 0.0001 

B-Lipid:Drug 15.13 1 15.13 4.10 0.0826 

C-%Surfactant 1830.13 1 1830.13 495.84 < 0.0001 

AB 16.00 1 16.00 4.33 0.0759 

AC 4.00 1 4.00 1.08 0.3325 

BC 210.25 1 210.25 56.96 0.0001 

A2 187.65 1 187.65 50.84 0.0002 

B2 1071.67 1 1071.67 290.35 < 0.0001 

C2 2621.95 1 2621.95 710.37 < 0.0001 

Residual 25.84 7 3.69   

Lack of Fit 25.84 4 6.46   

Pure Error 0.0000 3 0.0000   

Cor Total 10040.94 16    
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The value of ANOVA showed that the effects of factors were significant and hence the 

model was significant for particle size. From the p value (<0.0001), it was confirmed that 

the model was significant for the selected response. Form the F value, it was observed 

that the independent variable A (Solid: Liquid Lipid) was affecting highest to the 

dependent variable Y1 (size), whereas Lipid: drug (variable B) is the leas affecting 

variable to response Y1. This holds true for the selected input range of the variables for 

creating the design space. Out of the design space, the effect of variables varies 

drastically. 

Mathematical model for Particle size: In terms of actual and coded components for full 

model for size (Y1), the inter-relation between independent and dependent variables was 

derived and presented as Eqn. 6(A) and 6(B).  

Actual Y1 = 937.833 - 16.279X1 -79.125X2 - 253.078X3 + 0.28571X1X2 + 

0.57143X1X3 - 7.25X2X3 +0.546086X1^2 +3.98823X2^2 +99.81175X3^2   . . . . .  

Eqn. 6(A) 

Coded Y1 = 224.35 -21.95X1 -1.37X2 -15.13X3 +2.00X1X2 +1.00X1X3 -7.25X2X3 

+6.69X1^2 +15.65X2^2 +24.95X3^2    . . . . .  Eqn. 6(B) 

The full model and reduced model equation in coded values as Eqn. 6(C) and 6(D) were 

obtained by Microsoft Excel. 

MS Excel Regression FM Y1=225 - 22X1 - 1.375X2 - 15.125X3 + 2X1X2 - 7.25X2X3 

+ 1X3X1 + 6.375X1^2 + 15.625X2^2 + 24.625X3^2   . . . . .  Eqn. 6(C) 

MS Excel Regression RM Y1=225 - 22X1 - 1.375X2 - 15.125X3 + 6.375X1^2 + 

15.625X2^2 + 24.625X3^2 + 2X1X2 - 7.25X2X3    . . . . .  Eqn. 6(D) 

The equation indicated the complexity between the input and output variables. From the 

quadratic equation or its co-efficient, one could not draw a conclusion whether the effect 

of any independent variable was a positive or negative on the response. The interrelation 

between the dependent and independent variables was shown in Fig. 5.4 (A) for contour 

plot and 5.4 (B) for response surface curve. 
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  Fig. 5.4 (A): Contour plot for Size (Y1) 
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Fig. 5.4 (B): 3D Response Surface plot for Size (Y1) 

 

From the contour and 3D surface plots for response Y1 - size, the effect of interrelation 

between the independent variables could be seen. The effect of variable Soilid:Liquid 

Lipid (X1) and Lipid:Drug Ratio (X2) on size (Y1) was interpreted from the contour lines 

as well as its 3D response. From both the graphs, it was seen that the individual 

components had statistically significant effect on Y1, but the interaction of X1 and X2 

was not much as the colour coding for Y1 was varying between green to blue which is 
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lower middle range for colour coding. But when the surfactant (X3) was changed either 

with Solid:Liquid Lipid (X1) or Lipid:Drug Ratio (X2), there was large variation in size 

as seen from the colour coding of contours for the selected input range. The contours 

were varying from the lower range of size (Y1) 219 nm – blue colour to highest size (Y1) 

– 295 nm. Thus, it was concluded that the effect of X1 was highest for the response Y1 as 

seen from the ANOVA table and from the interaction terms highest effect is of X2X3.  

 

5.3.2.2 Statistical Analysis for Zeta Potential (Y2): 

Model selection: Based on the R2 value for model selection as shown in table 5.14, 

quadratic model was selected for the response Y2. 

Table 5.14: Model selection for Y2 response (Zeta Potential) 

Source Std. Dev. R² Adjusted R² Predicted R² PRESS  

Linear 2.49 0.9136 0.8936 0.8221 166.41 Suggested 

2FI 1.87 0.9627 0.9403 0.8198 168.54  

Quadratic 1.25 0.9883 0.9733 0.8140 174.00 Suggested 

Cubic 0.0000 1.0000 1.0000  * Aliased 

 

Due to lack of orthogonality, adjusted R2 value was high for cubic model, it was aliased. 

The PRESS (predicted residual error sum of squares) statistics indicated that linear model 

was perfect for the response Y2. These values of R2 and PRESS values for statistical 

significance of model selection are contradictory in nature. So, the data were interpreted 

using both the models. After data treatment using both the models, it was found that 

using linear model the complex interrelationship between interaction terms of input 

variables cannot be explained. So, quadratic model was chosen to understand the overall 

effect of independent variables on dependent variables, which shows effect of individual 

variables, its interaction with other variables and the square of the variable. (e.g. X1, 

X1X2 and X12) 

ANOVA Analysis: To identify the significant parameters and their interaction, analysis 

of variance was performed for each parameter. The ANOVA for ZP was given as Table 

5.15. 

Table 5.15: ANOVA for Response Y2 (Zeta Potential) 

Source Sum of Squares df Mean Square F-value p-value  
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Model 924.45 9 102.72 65.85 < 0.0001 significant 

A-X1 17.96 1 17.96 11.52 0.0115  

B-X2 0.0578 1 0.0578 0.0371 0.8528  

C-X3 836.81 1 836.81 536.48 < 0.0001  

AB 7.05 1 7.05 4.52 0.0711  

AC 28.68 1 28.68 18.38 0.0036  

BC 10.21 1 10.21 6.54 0.0377  

A² 0.1571 1 0.1571 0.1007 0.7602  

B² 1.61 1 1.61 1.03 0.3439  

C² 22.91 1 22.91 14.68 0.0064  

Residual 10.92 7 1.56    

Lack of Fit 10.92 4 2.73    

Pure Error 0.0000 3 0.0000    

Cor Total 935.37 16     

 

The ANOVA analysis for ZP showed that the effects of factors were significant and 

hence the model was significant for zeta potential. From the p value (<0.0001) also, it 

was confirmed that the model was significant for the selected response. Form the F value, 

it was observed that the independent variable X3 (% Surfactant) was affecting highest to 

the dependent variable Y2 (Zeta Potential), whereas X1 and X2 were the least affecting 

variables to response Y2. This was also seen from the preliminary trials. Change in 

surfactant such as Tween 80, Poloxamer F 127 and PVA showed drastic change in zeta 

potential. The preliminary trials showed that even though the Lipid: Drug ratio and Solid 

: Liquid Lipid were fixed variables, the change in zeta potential was due to surfactant 

only. After selection of PVA as a formulation ingredient for further optimization of its 

concentration to be used, the ANOVA also showed that the major effect on zeta potential 

was due to PVA (%surfactant, X3) only.       

Mathematical model for Zeta Potential: In terms of actual and coded components for 

full model for zeta potential (Y2), the inter-relation between independent and dependent 

variables was derived and presented as Eqn. 7(A) and 7(B).  

Actual Y2 =22.69526 - 0.462819X1 + 2.00173X2 - 74.4299X3 - 0.189643X1X2 + 1.53 

X1X3 + 1.5975X2X3 - 0.015802X1^2 - 0.154429X2^2 + 9.32913X3^2   . . . . .  Eqn. 

7(A) 
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Coded Y2 = - 40.14 – 1.5X1 – 0.085X2 - 10.23X3 – 1.33X1X2 + 2.68X1X3 + 

1.60X2X3 – 0.1936X1^2 - 0.6177X2^2 + 2.33X3^2       . . . . .  Eqn. 7(B) 

The full model and reduced model equation in coded values as Eqn. 7(C) and 7(D) were 

obtained by Microsoft Excel. 

MS Excel Regression FM Y2= - 40.1 - 1.5X1 - 0.085X2 - 10.2275X3 - 0.2138X1^2 - 

0.6388X2^2 + 2.3113X3^2 - 1.3275X1X2 + 1.5975X2X3 + 2.6775X3X1  . . . .  Eqn. 

7(C) 

MS Excel Regression RM Y2= - 40.4789 - 1.5X1 - 0.085X2 - 10.2275X3 + 

2.2639X3^2 + 1.5975X2X3 + 2.6775X3X1       . . . . .  Eqn. 7(D) 

The interrelation between the dependent and independent variables was shown in contour 

plot and 3D response surface curves as Figure 5.5 (A) and 5.5 (B).  

From Fig 5.5 (A) and 5.5 (B) for zeta potential, the effect of interrelation between the 

independent variables was observed. The effect of variable Soilid:Liquid Lipid (X1) and 

Lipid:Drug Ratio (X2) on zeta potential (Y2) was interpreted from the contour lines as 

well as its 3D replica. The individual components showed statistically significant effect 

on Y2, but the interaction of X1 and X2 was not much as the colour coding for Y2 was 

varying between green to blue which is lower middle range for colour coding. When the 

surfactant (X3) was changed either with Solid:Liquid Lipid (X1) or Lipid:Drug Ratio 

(X2), there was variation in size as seen from the colour coding of contours for the 

selected input range. The contours were varying from the lower range of zeta to higher 

range and it is shoeing significant change. Thus, it was concluded that the effect of X3 

was highest for the response Y2 as seen from the ANOVA table and even for the 

interaction terms where X3 was there i.e. X1X3 and X2X3, only that was showing major 

effect on zeta (Y2). Thus the change in zeta potential was the solitary effect of surfactant 

concentration. 
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Fig. 5.5 (A): Contour plot for ZP (Y2) 
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Fig. 5.5 (B): 3D Response Surface plot for ZP (Y2) 

 

5.3.2.3 Statistical analysis for %EE (Y3): 

Model selection: Based on the R2 value for model selection as shown in Table 5.16, 

quadratic model was selected for the response Y3. 

Table 5.16: Model selection for %EE (Y3) 

Source Std. Dev. R² Adjusted R² Predicted R² PRESS  

Linear 2.03 0.8311 0.7921 0.6760 103.16  

2FI 2.11 0.8603 0.7765 0.4060 189.12  
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Quadratic 0.8023 0.9858 0.9677 0.7782 70.61 Suggested 

Cubic 0.0000 1.0000 1.0000  * Aliased 

 

Due to lack of orthogonality, even though adjusted R2 value was high for cubic model, it 

was aliased. The PRESS (predicted residual error sum of squares) statistics also indicated 

that the selected model, quadratic is perfect.  

ANOVA Analysis: To identify the significant parameters and their interaction, ANOVA 

was performed for each parameter. The ANOVA for %EE was given in Table 5.17. 

Table 5.17: ANOVA for response surface quadratic model for the Y3 (%EE) 

Source 
Sum of 

Squares 
df 

Mean 

Square 

F 

Value 

p-value 

Prob > 

F 

 

Model 313.90 9 34.88 54.18 < 0.0001 Significant 

A-Solid:Liquid 

Lipid 
43.80 1 43.80 68.04 < 0.0001 

 

B-Lipid:Drug 185.38 1 185.38 287.98 < 0.0001  

C-%Surfactant 34.49 1 34.49 53.57 0.0002  

AB 0.5041 1 0.5041 0.7831 0.4056  

AC 2.62 1 2.62 4.08 0.0832  

BC 6.18 1 6.18 9.59 0.0174  

A2 2.42 1 2.42 3.76 0.0936  

B2 34.23 1 34.23 53.18 0.0002  

C2 3.20 1 3.20 4.97 0.0611  

Residual 4.51 7 0.6437    

Lack of Fit 4.51 4 1.13    

Pure Error 0.0000 3 0.0000    

Cor Total 318.40 16     

 

ANOVA analysis showed that the effects of factors were significant and hence the model 

was significant for %EE. From the p value (<0.0001), it was confirmed that the model 

was significant for the selected response. Form the F value, it was observed that the 

independent variable X2 (Lipid: Drug ratio) was affecting highest to the dependent 

variable Y3 (%EE), whereas X3 was the least affecting variables to response Y3. To 

optimize the amount of lipid (X2) and internal lipid ratio (X1) for %EE, the mathematical 

numerical optimization based on desirability was further carried out.  
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Mathematical model for %EE In terms of actual and coded components for full model 

for % EE (Y3), the inter-relation between independent and dependent variables was 

derived and presented as Eqn. 8(A) and 8(B).  

Actual Y3 =- 63.4085 – 1.48659X1 + 20.2314X2 + 17.4241X3 – 0.05071X1X2 + 

0.4628X1X3 – 1.2425X2X3 + 0.06203X1^2 -0.7128X2^2 – 3.4849X3^2   . . . .  Eqn. 

8(A) 

Coded Y3 = 65.13 – 2.34X1 + 4.81X2 – 2.08X3 – 0.355X1X2 + 0.81X1X3 - 1.24X2X3 

+ 0.7598X1^2 – 2.85X2^2 – 0.8712X3^2       . . . . .  Eqn. 8(B) 

The full model and reduced model equation in coded values as Eqn. 8(C) and 8(D) were 

obtained by Microsoft Excel. 

MS Excel Regression FM Y3 = 65.2 - 2.324X1 + 4.8138X2 - 2.0763X3 + 0.7263X1^2 - 

2.8863X2^2 - 0.9063X3^2 -0.355X1X2 - 1.2425X2X3 + 0.81X3X1  . . . .  Eqn. 8(C) 

MS Excel Regression RM Y3 = 65.12 - 2.3425X1 + 4.8138X2 - 2.0763X3 - 

2.8963X2^2 - 1.2425X2X3       . . . . .  Eqn. 8(D) 

The interrelation between the dependent and independent variables was shown in 2D 

contour plot and 3D response surface plot as Figure 5.6(A) and 5.6(B). 
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Fig. 5.6 (A): Contour plot for for %EE (Y3) 
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Fig. 5.6 (B): 3D Response Surface plot for %EE (Y3) 

From this 2D and 3D graphs for response %EE, the effect of interrelation between the independent variables was observed. The interaction of X1X2 and X2X3 was having more effect than X1X3. When the X2 was changed either with Solid:Liquid Lipid (X1) or Surfactant (X3), there was large variation in size as seen 

from the colour coding of contours for the selected input range. The contours were 

varying from the lower range of zeat to higher range and it is shoeing significant change. 

Thus, it was concluded that the effect of X2 was highest for the response Y3 as seen from 

the ANOVA table and even for the interaction terms.  

 

5.3.2.4 Optimization of Tazarotene NLC formulation by overlay plot employing 

desirability approach using Design Expert: 

The recommended concentrations of the independent variables were calculated by 

the Design Expert software using overlay plot with desirability approach (Figure 5.7). 

The results gave one optimized solution with theoretical target profile characteristics 

which were shown in Table 5.18.  

Table 5.18: Solution proposed by Design Expert with Desirability 1.00 

Solution X1 X2 X3 Y1 Y2 Y3 

1 6.45012 12.7509 1.0205 273.663 -31.5106 68.5189 

 

Figure 5.7 showed the overlay plot obtained from Design Expert. The plot, yellow area 

indicated the area in which the optimized formulation can be formulated. In this yellow 

portion, the values of dependent variables i.e. size (Y1), ZP (Y2), and %EE (Y3) for 



GTU 113 

 

tazarotene NCL formulations were selected. The point indicating toggle flag showed the 

actual values of X1= 6.45012, X2= 12.7509, and X3=1.0205 for optimized formulation. 

The formulation details of the optimized batch with the responses was presented in Table 

5.19 

 
Fig. 5.7: Overlay plot for optimization of NCL formulation 

 

Table 5.19: Optimized NCL formulation of Tazarotene (Batch TO) 

Material Quantity (mg) 

Tazarotene  Mg 

Solid Lipid (Cutina GMS VPH)  Mg 

Liquid Lipid (Cremophor EL)  Mg 

% Surfactant (%PVA)  Mg 

  

  

Response Predicted Actual 

Particle size (um) (Y1) 273.663 256.55±5.21 

ZP (Y2) 31.5106 28.22±2.33 

%EE (Y3) 68.5189 71.61±3.48 
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The optimized batch was prepared (n=3) and responses were measured. There was no 

significant difference between predicted and observed actual responses. Thus the derived 

model was validated using the prepared optimized check point batches. 

 

 

5.3.3: Evaluation of selected batches 

5.3.3.1: Physicochemical characterization: As the SLN or NLC dispersion has to be 

incorporated in the topical formulation, its physicochemical properties like colour, odour, 

stability on centrifugation are important to consider for better formulation development 

(Table 5.20). It was observed that the SLN/NLC formulation was of white colour and did 

not have any characteristic odor. These characteristics favor the use of SLN/NLC 

dispersion in topical formulation. The formulation was stable on centrifugation which 

showed that there were no aggregated particles present in the formulation.  

Table 5.20: Results of Physicochemical property of the NLCs/SLNS 

Property SLNs DISPERSION NLCs DISPERSION 

Colour White dispersion White dispersion 

Odour Odourless Odourless 

Stability on centrifugation 

(200 g for 20 minutes) 
Stable on centrifugation Stable on centrifugation 

 

5.3.3.2 Particle Size, PDI, and ZP: Table 5.21 showed the results of the size of SLNs 

and NLCs as measured by ZetaSizer. Particle Size and PDI of SLNs and NLCs were 

presented in Fig. 5.8 and Fig. 5.9. 

Table 5.21: Results of Particle Size, PDI, and ZP 

SLNs NLCs 

Z-

average 

(nm) 

PDI 
Zeta potential 

(mV) 

Z-

average 

(nm) 

PDI 

Zeta 

potential 

(mV) 

217.7±4.5 0.288±0.08 -37.8±5.63 237.9±6.8 0.245±0.09 -39.8±5.47 
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Fig. 5.8: Particle Size and PDI of SLNs 

 

Fig. 5.9: Particle Size and PDI of NLCs  

From the fig. 5.81 and 5.9, it was observed that size of NLCs was comparatively more 

than SLNs. The liquid lipid present in NLCs might have contributed to the larger size, but 

the size was in nano scale. Both SLNs and NLCs were in nano range which may provide 

better occlusion and interaction with skin for increased penetration. The PDI in the range 

of 0.2 – 0.3 indicated that the samples were monodispersed in nature.  

5.3.3.3 Zeta Potential: Zeta potential is a key factor to evaluate the stability of colloidal 

dispersion. In general, zeta values near to ±30 mV indicates that the SLNs give good 

stability in dispersion due to less chance of cohesion force between particles. As shown 

in Fig 5.9 and 5.10, zeta potential of optimized batch for SLNs and NLCs were -37.8 ± 
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5.63 mV and -39.8 ± 5.47 mV respectively, nearer to ±30mV. This indicated that the 

dispersions of SLNs and NCLs might remain deflocculated and would be physically 

stable.  

 

Fig. 5.9: Zeta Potential of SLNs 

 

Fig. 5.10: Zeta Potential of NLCs 

5.3.3.4 Assay and % EE: Assay for either the SLNs or NLCs was found to be in the 

range of 97 to 98%. The loss may be due to processing steps involving transfer of the 

samples from one to another beaker or stirring.  % EE for SLNs was in the range of 55 – 

63 % whereas for NLCs it was 60 - 65%. For SLNs less % EE was observed. The drug 
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exhibited more solubility in liquid lipid than solid lipid. This might be the reason for high 

% EE in NLCs than SLNs.   

5.3.3.5 Occlusion Test: The occlusion effect is one of the major effects responsible for 

penetration enhancement by lipid based nanoparticles. The occlusion will increase the 

hydration of the skin and due to hydration, the penetration enhancement is achieved. 

NLCs have been investigated as carriers for enhanced skin delivery of sunscreens, 

vitamins A and E, triptolide and glucocorticoids. Their enhanced skin penetration was 

primarily due to an increase in skin hydration caused by the occlusive film formed on the 

skin surface by the SLN/NLC. A 31% increase in skin hydration has been reported 

following 4 weeks application of lipid nanoparticles enriched cream. An occlusion factor 

of zero means no occlusive effect compared with the control, and 100 is the maximum 

occlusion factor. The results of occlusion factor for SLN Dispersion, NLC Dispersion, 

Gel incorporating plain drug and Gel incorporating SLN/NLC dispersion at different time 

points were shown in Table 5.22 and Figure 5.11.  

 

 

 

 

Table 5.22: Occlusion Factor of SLNs/NLCs and incorporated Gel formulations 

Time 

(hrs) 

Occlusion Factor 

SLN 

Dispersion 

NLC 

Dispersion 

Gel 

Incorporating 

Plain Drug 

Gel 

incorporating 

SLN 

dispersion 

Gel 

incorporating 

NLC 

Dispersion 

6 15±0.13 17±0.76 5±0.93 22±0.63 24±0.31 

24 22±0.66 26±0.95 9±0.14 29±0.51 30±0.24 

32 27±0.94 28±0.85 11.5±0.54 32±0.53 33±0.79 

48 31±0.38 33±0.86 14±0.35 39±0.64 41±0.85 
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Fig. 5.11: Occlusion Factor of SLNs/NLCs and incorporated Gel formulations 

The Gel incorporating NLC dispersion showed highest occlusion factor. The gel 

incorporating plain drug showed significantly less occlusion factor with comparison to 

Gel incorporating NLC/SLN dispersion. It might show less hydration and less penetration 

enhancement. 

5.3.3.6 DSC ANALYSIS: Differential Scanning Calorimeter (DSC) is used to provide 

information on both physical and energetic properties of a compound or formulation. 

DSC measures the heat loss or gain resulting from physical or chemical changes within a 

sample as a function of the temperature. Examples of heat-absorbing processes 

(endothermic measurements) are fusion, boiling, sublimation, vaporization, and 

desolvation and solid-solid transitions. Crystallization is usually an exothermic process, 

i.e. energy is liberated. Qualitative measurements of these processes have many 

applications, such as the study of purity, polymorphism, solvation, degradation and 

compatibility of substances. DSC analysis has been used to characterize the state and the 

degree of crystallinity of lipid dispersions, semi-solid systems, polymers and liposomes. 

It allows the study of the melting and crystallization behaviour of crystalline material like 

lipid nanoparticles. The breakdown or fusion of the crystal lattice by heating or cooling 

the sample gives information on polymorphism, crystal ordering, eutectic mixtures or 

glass transition processes. DSC experiments are useful to understand solid dispersions 
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like solid solutions, simple eutectic mixtures or, as in the case of SLN and NLC, drug and 

lipid interactions and the mixing behavior of solid lipids with liquid lipids, such as oils. 

The DSC curves of (A) Tazarotene, (B) Glyceryl Monostearate, (C) Lyophilized NLCs, 

(D) Lyophilized SLNs were shown as Figure 5.12 (A) to (D): 

 

Figure 5.12 (A): DSC curves of Tezarotene 

 

 

Figure 5.12 (B): DSC curves of Glyceryl Monostearate 

 

Figure 5.12 (C): Lyophilized NLCs 
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Figure 5.12 (D): DSC curves of Lyophilized SLNs 

 

The DSC curve of the drug (DCPT 069) showed sharp peak at 2500C.The DSC Curve of 

the glyceryl monostearate showed one endothermic peak below 1000C. It shows the 

respective melting point of the drug and Excipients. The formulations were lyophilized 

for DSC analysis. The NLC dispersion showed no endothermic peak around 2500C that 

indicated complete entrapment of drug. The SLN product was showing small 

endothermic peak between 2500C to 2550C. The drug expulsion during the storage as 

well as lyophilization process might be the reason for this characteristic endothermic 

peak.   

 

5.3.3.7 XRD ANALYSIS: XRD study was performed to understand the crystalline 

property of the formulation and the bulk drug. It is hypothesized that during the 

formulation of the nanoparticles by homogenization technique, the drug was converted in 

to amorphous form. The lipids were also converted in to its unstable α-form. The XRD 

study of the Tazarotene and the lyophilized formulations were compared (Figure 5.13 (A) 

to (C). The 2θ values were compared to study the relative crystalline nature of 

Tazarotene, Lyophilized NLC, and Lyophilized NLCs (Table 5.23). The intensity of the 

XRD peaks were in order Drug>SLNs>NCLs. Among the SLNs and NCLs, SLNs 

showed higher crystalline property than the NCLs. The least peaks height was in NCLs. It 

was concluded that the after incorporation of Tazarotene in the lipid nanoparticles, the 

drug loses its crystalline behavior. 
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Figure 5.13 (A): XRD Graph of Tazarotene. 

 

Figure 5.13 (B): XRD Analysis of Lyophilized NLCs 
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Figure 5.13 (C): XRD Study of the SLN 

. 

Table 5.23 : Intensity Counts of Peaks in RD 

DRUG 2452 2298 1646 1576 1352 1286 1087 1075 1029 979 

NLC 643 620 617 614 596 596 582 581 575 573 

SLN 828 743 732 643 626 595 592 583 574 571 

 

5.3.3.8 SEM ANALYSIS: The SEM analysis was utilized to analyze the morphology of 

the lipid nanoparticles. The SEM images of Silver Coated NLCs and Silver coated SLNs 

were presented in Figure 5.14 (A) and (B). From the SEM analysis, it was concluded that 

the both NLCs and SLNs were almost spherical in their shape. 
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       Figure 5.14 (A): Silver Coated NLCs          Figure 5.14 (B): Silver coated SLNs 

 

5.3.3.9 Evaluation of Gel: 

(A) pH: The pH of the gel containing either SLNs or NLCs formulation was found to be 

in the range of 6.3 to 6.8 which was much related to skin pH. The applied gel would not 

cause any irritation or discomfort to patient. 

Initially the gel formed with Carbopol showed acidic pH around 4 - 4.5. It was not 

suitable for application to skin. The consistency of the swelled dispersion was less rigid 

having less viscosity. After neutralization with triethanolamine (TEA), the gel became 

rigid and pH of the gel was near to neutral. The hydration of carbopol molecules when 

dispersed in water leads to partial uncoiling of every molecule. When these acidic 

Carbopol molecules were neutralized with basic TEA, it converted to salt form its acidic 

property. It lead to thickening of the carbopol and provided the desired pH for skin 

application. 

(B) Drug Content: The assay of the drug in gel was found to be in the range of 96 – 

98%, which was in acceptable limit. 

(C) Homogeneity: To draw a conclusion on homogeneity of the gel sample, appearance 

and assay were checked. For assay, three samples were taken from different area of the 

container and were compared for homogeneity. The samples were found homogenous in 

nature and non-gritty. The assay for the samples was in the acceptable range.  

(D) Viscosity: The viscosity of the NLC gel and SLN gel was found to be 29,235 cps and 

29,789 cps, respectively. The viscosity favoured the extrusion of the gel from the 

collapsible tube container as well as easy handling by patient during use. 

Table 5.24: Viscosity of SLN/NLC gel 

Formulation Viscosity (cp) 
Speed 

(rpm) 

Torque 

(μnm) 
Temperature (·c) 

NLC GEL 29,235 20 9.46 25 

SLN GEL 29,789 20 14.16 25 

 

5.3.3.10 In - vitro Drug Release: The In vitro release is the important parameter which 

can be utilized to compare the release characteristic of the product in vivo by finding 
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appropriate correlation and also to study batch to batch uniformity. The drug release of 

the Tazarotene, NLC formulation, Gel containing plain Drug and the Gel containing 

NLCs were shown in Table 5.25 and Figure 5.15. 

Drug suspension showed slower release as the drug has not having sufficient solubility in 

dissolution media. The drug being BCS class II in nature, the dissolution is the rate 

limiting process for its absorption. Increasing solubility in dissolution media using the 

lipid based formulation approach; either SLNs or NLCs had led to increase in-vitro 

dissolution as seen from Fig. 5.25. The increased dissolution rate might be due to 

increase solubility of drug by lipid and surfactant used. The added advantage of nano-

sizing had led to increased solubility. When drug / SLNs / NLCs were incorporated in the 

carbopol 980 NF Gel, the release of the drug was hindered as it has to diffuse through the 

gel matrix. So, the drug release in gel at the end of 24 h was lesser than the pure drug or 

formulation in SLN/NLC. Initial high release from SLN/NLC was due to burst release or 

due to the drug present on peripheral portion or entrapped drug. But when added in gel, 

the burst release was controlled and the diffusion of drug occurred on controlled manner 

for up to 24 hr. 

Table 5.25: In-vitro cumulative % drug release study of selected formulations 

Tim

e 

(hr) 

Drug 

Suspensio

n 

Gel 

Containing 

Plain Drug 

NLC 

Formulation 

Gel 

containing 

NLC 

formulation 

SLN 

Formulation 

Gel 

Containin

g SLN 

0 0  0 0 0 0 0 

0.5 5.2±1.4 3.5±1.5 3.7±2.2 2.2±1.5 3.2±2.5 1.7±2.4 

1 7.6±2.7 4.2±2.1 7.1±2.7 5.1±2.8 5.9±3.1 2.6±1.5 

2 10.1±2.1 6.3±3.9 15.2±1.7 9.4±3.1 11.9±4.2 5.5±1.4 

3 12.4±3.6 8.4±2.8 23.1±2.9 15.8±3.8 17.5±2.8 8.3±2.5 

4 17.6±1.3 10.1±2.6 32.1±3.4 21.9±2.6 22.9±3.1 11.2±3.1 

5 25.5±3.6 13.1±3.1 39.3±1.5 25.7±3.7 29.7±2.6 14.9±4.2 

6 29.3±2.6 15.5±4.2 47.9±2.5 29.9±4.2 35.3±1.4 19.1±1.8 

7 32.9±1.7 16.3±3.7 55.9±3.9 33.3±1.9 43.1±3.1 22.8±2.4 

8 37.5±3.5 18.0±4.2 63.7±2.8 39.3±2.6 47.2±3.2 25.4±3.1 

24 51.1±1.3 33.3±5.3 89.1±3.9 56.1±2.1 82.7±1.6 45.3±2.6 
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Figure 5.15: In-vitro cumulative % drug release study of selected formulations 

 

5.3.3.10 Kinetics of Drug Release: 

In order to determine the mechanism of drug release, in vitro drug release data were 

subjected to various kinetic models such as zero order, first order, Higuchi’s and 

Korsemeyer-Peppas’ equation, Hixon-Crowell, and Baker-Lonsdale using DD Solver 1.0 

(Table 5.26). 

 

 

Table 5.26: Model Fitting for drug release 

Model 

R2 Value 

Drug 

Suspen 

sion 

Gel 

Containing 

Plain Drug 

NLC 

Formulat

ion 

Gel 

containing 

NLC 

formulatio

n 

SLN 

Formulati

on 

Gel 

Containi

ng SLN 

Zero 0.5709 0.7800 0.6576 0.6493 0.8354 0.8699 

First 0.8420 0.8815 0.9851 0.9033 0.9943 0.9575 

Higuchi 0.9281 0.9631 0.9202 0.9343 0.9198 0.8958 

Korsemeye

r-Peppas 
0.9322 0.9928 0.9342 0.9457 0.9743 0.9700 
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Hixon-

Crowell 
0.7708 0.8512 0.9808 0.8420 0.9863 0.9353 

 Baker-

Lonsdale 
0.9204 0.9510 0.8851 0.9205 0.8740 0.8742 

 

As seen from Table 5.26 for model fitting for drug release, the gel containing either 

drug/SLN/NLC followed Korsemeyer-Peppas model. The ‘n’ values for Korsemeyer –

Peppas model were 0.621, 0.571 and 0.771 for drug containing gel, NLC containing el 

and SLN containing gel respectively. The mechanism of drug release was found to be 

non-Fickian diffusion controlled, as slope values were found in between 0.5 to 1. Based 

on the ‘n’ value for Korsemeyer –Peppas model, it was found to be anomalous non-

fickian drug release for the gels. To Find out flux of the drug from the membrane 

quantity of the drug released is divided by area of drug release (Q/A). The plot of Q/A vs. 

time was plotted. The slop of the plot indicates the flux. Here Flux is 0.812 and 0.662 

from gel containing SLN and NLC respectively. 

 

5.3.4 Stability study 

5.3.4.1 Stability study of NLC/SLN dispersion: The stability study was performed to 

check the change in the particle size, zeta potential , total drug content and % EE of NLC 

and SLN dispersion formulation. The time point were selected as 0 day,10 days, 30 days, 

45 days, 60 days and 90 days and the two storage conditions selected were  room 

temperature (270C) and refrigerator (2-80C). The results of particle size, zeta potential , 

total drug content and % EE were presented in Table 5.27(A) to (D) and Figure 5.16 (A) 

to (D) respectively (n=3). 

Table 5.27(A): Results of Stability study of NLC/SLN dispersion for particle size 

Condit

ions 

Formulati

on 

Average Particle Size (nm ± SD)* 

Initial 10 days 30 days 45 days 60 days 90 days 

Room 

Tempe

rature 

NLC 

Dispersion 

223±1.3

6 

225±1.8

6 

232±3.9

6 

240±1.9

8 

242±4.8

2 

256±2.9

8 

SLN 

Dispersion 

196±2.8

5 

210±2.9

6 

217±2.3

5 

237±0.5

4 

259±6.4

7 

268±1.7

5 

Refrig

erator 

NLC 

Dispersion 

223±3.1

2 

223±1.4

7 

226±1.5

7 

229±1.8

7 

231±1.4

8 

236±4.8

2 
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SLN 

Dispersion 

196±5.8

2 

203±2.5

8 

207±2.1

6 

214±2.1

8 

227±1.5

6 

231±2.8

8 

 

 

 

Table 5.27(B): Results of Stability study of NLC/SLN dispersion for zeta potential 

Condit

ions 

Formulati

on 

Average Zeta Potential(mV ± SD)* 

Initial 10 days 30 days 45 days 60 days 90 days 

Room 

Tempe

rature 

NLC 

Dispersion 
-48.4±0.12 -41.7±0.28 -34.2±0.76 -30.1±0.11 -25.7±0.35 -21.4±0.89 

SLN 

Dispersion 
-40.1±0.21 -35.5±0.29 -30±0.37 -23.3±0.51 -20.1±0.87 -16.4±0.41 

Refrig

erator 

NLC 

Dispersion 
-46.4±0.16 -43.1±0.51 -42.2±0.27 

-

36.32±0.52 
-34.2±0.12 -28.2±0.56 

SLN 

Dispersion 
-40.1±0.24 -37.1±0.78 -33.3±0.32 -28.6±0.24 -24.1±0.11 -21.7±0.23 

 

Table 5.27(C): Results of Stability study of NLC/SLN dispersion for total drug 

content 

Condit

ions 

Formulati

on 

Total Drug Content (% Assay) 

Initial 10 days 30 days 45 days 60 days 90 days 

Room 

Tempe

rature 

NLC 

Dispersion 
99.98±0.01 99.94±0.01 99.89±0.03 99.81±0.07 99.78±0.04 99.69±0.02 

SLN 

Dispersion 
99.99±0.01 99.96±0.03 99.91±0.07 99.8±0.04 99.76±0.02 99.71±0.03 

Refrig

erator 

NLC 

Dispersion 
99.98±0.03 99.95±0.01 99.92±0.01 99.76±0.02 99.74±0.02 99.7±0.1 

SLN 

Dispersion 
99.99±0.04 99.93±0.04 99.86±0.03 99.82±0.08 99.78±0.01 99.74±0.14 

 

Table 5.27(D): Results of Stability study of NLC/SLN dispersion for %EE 

Condit

ions 

Formulati

on 

% EE ±SD* 

Initial 10 days 30 days 45 days 60 days 90 days 

Room 

Tempe

NLC 

Dispersion 
68.25±0.68 67.23±0.46 65.23±1.23 61.34±3.12 58.28±2.01 55.23±1.89 
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rature SLN 

Dispersion 
61.82±2.46 58.23±1.04 50.07±1.89 43.12±2.09 38.43±2.11 33.96±2.13 

Refrig

erator 

NLC 

Dispersion 
68.25±2.11 67.93±1.46 67.23±1.68 65.48±2.90 62.13±3.21 59.23±1.09 

SLN 

Dispersion 
68.25±0.68 67.23±0.46 65.23±1.23 61.34±3.12 58.28±2.01 55.23±1.89 

 

 

 

 

 

Figure 5.16 (A): Effect on Size of NLC/SLN during stability study 

 

 

Figure 5.16 (B):  Effect on Zeta potential of NLC/SLN during stability study 
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Figure 5.16 (C): Effect on Total Drug Content of NLC/SLN during stability study 

 

Figure 5.16 (D): Effect on %EE of NLC/SLN during stability study 

The storage was done for three months. There was increased in the size of the 

NLCs and the SLNs after plonged period of time. The reason behind the increase in the 

size might be due to oswald ripening. The particles might be agrregated with each other 

and formed the bigger particles. 

The increase in the size was explained by the stated mechanisms as Figure 5.17. 

Both NLCs and SLN showed increase in the size. 
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Figure 5.17:  Mechanisms for increase in size of NLC/SLN during stability study 

Zeta potential is one of the most important parameters that affect the stability of 

the formulation. The charge present on the surface of particle may impart the repulsive 

forces between the dispersed particles that repulsion force imparts the stability to the 

dispersed system. The Zeta potential value may reach towards zero on storage. Generally, 

zeta potential less than -20mV and more than +20mV shows appropriate stability. Even at 

the end of three months, the zeta potential value was more than -15 mV. This might be 

the reason for the stability of the system after 90 days. However, there was significant 

decrease in the zeta potential over the time. The Surfactant layer adhered to the particle 

surface is imparting charge to the particles. Over the period of time, this layer may lose 

its integrity. This might be the reason for decrease in the zeta potential (Figure 5.18). 
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Figure 5.18: Role of Zeta potential for stability of Dispersed system 

The drug may show different stability profile in different dosage form. To study 

the stability of DCPT 069 in the NLC and SLN formulation the Assay was performed at 

the different time interval. The result showed that there was no significant decrease in the 

% assay of the drug after storage of three months at both storage conditions in both NLCs 

as well as in SLNs. It indicated that DCPT 069 was stable in the SLNs and NLCs. 

% EE is one of the important parameters for the efficiency of the nanoparticulate 

system. The % EE was significantly decreased in the SLN formulation, but not in NLC 

formulation. Lipids utilized for the formulation might be converted in to its stable β form 

and forms the perfect crystalline matrix with no space for any foreign material (Drug). 

But in NLCs, different type of lipids were utilized, therefore the perfect crystalline matrix 

was formed and so there was space for the drug to remain entrapped (Figure 5.19). This 

might be the reason for higher entrapment efficiency of NLCs after storage of three 

months. 

   

SLN              NLC 

Figure 5.19: Structural difference between NLC and SLN 
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5.3.4.2 Stability study of gel incorporated with NLC/SLN: For stability study of Gel 

incorporating NLC and SLN, pH, Assay and psychorheological acceptability were 

analysed. The results (n=3) were shown in Table 5.28 and Figure 5.20 (A) and (B). 

Table 5.28: Results of Stability study of gel incorporated with NLC/SLN 

Sampling 

Time 

GEL INCORPORATIN NLC GEL INCORPORATING SLN 

Storage condition Storage condition 

Room Temp. 

(27oC) 

Refrigerator 

(2-8oC) 

Room Temp. 

(27oC) 

Refrigerator 

(2-8oC) 

pH 

Initial 6.87±0.02 6.87±0.03 6.31±0.08 6.31±0.04 

10 days 6.35±0.05 6.71±0.04 6.15±0.02 6.26±0.02 

30 days 6.01±0.07 6.53±0.05 6.01±0.03 6.11±0.05 

45 days 5.98±0.03 6.31±0.01 5.93±0.03 5.98±0.02 

60 days 5.82±0.03 6.25±0.02 5.88±0.02 5.91±0.04 

90 days 5.71±0.01 5.98±0.01 5.81±0.01 5.85±0.08 

  %Total drug content 

Initial 96.25±1.02 96.25±1.32 95.82±1.89 95.82±1.21 

10 days 96.16±1.62 96.12±1.35 95.77±1.98 95.8±1.11 

30 days 95.95±3.98 96.07±1.98 95.61±1.43 95.77±2.14 

45 days 95.86±2.66 95.75±2.11 95.55±1.34 95.68±3.21 

60 days 95.86±1.98 95.75±3.22 95.51±2.16 95.61±2.11 

90 days 95.43±2.53 95.58±1.09 95.41±2.53 95.58±0.98 

  Psychorheologically  acceptability 

Initial Yes yes yes yes 

10 days Yes yes yes yes 

30 days Yes yes yes yes 

45 days Yes yes yes yes 

60 days Yes yes yes yes 

90 days Yes yes yes yes 
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Figure 5.20 (A): Effect on pH of NLC/SLN Gel during stability study 

 

 

Figure 5.20 (B): Effect on Total Drug content of NLC/SLN Gel during stability 

study 

 It was concluded that the gel incorporated with NLCs and SLNs showed 

better solubility and here was no significant change in the pH and the % assay of the drug 

at the storage conditions. 

 

5.4 CONCLUSION 

Psoriasis is a chronic, systemic, inflammatory disease most commonly manifested 

by painful and pruritic skin lesions on the elbows, knees, scalp, genitals, and trunk. 

Biologic, phototherapy, topical and systemic treatments can induce reduction of psoriasis, 
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but such treatments depend on the severity of disease. Most patients with psoriasis have 

limited disease (less than 20% of the body surface area), so topical therapy is usually 

sufficient for such patients. Novel formulations based on nanocarriers may be promising 

to overcome the limitation of conventional formulations because of reduction in dose, 

dosing frequency, dose-dependent, side effect with enhanced efficacy in treatment of 

psoriasis.  

The lipid nanocarriers such as solid lipid nanoparticle (SLN), nanostructured lipid carrier 

(NLC), liposomes, ethosomes, microemulsions and lipid nanocapules are studied as a 

topical drug delivery system and Lipid nanoparticles showed many advantages of 

colloidal carriers. SLNs are termed as the first generation lipid based nanoparticles and 

have wide applicability in pharmaceutical medicine due to chemical stability, physical 

stability and biocompatibility with large number of drugs. SLNs have several other 

advantages such as modified release of the active compound, lipophilic and hydrophilic 

drugs incorporated easily and increased in skin hydration. NLCs are composed of both 

solid and liquid lipids. Liquid Lipids (oil) incorporation causes structural imperfections of 

solid lipids due to which a perfect crystalline structure is deviated to form a crystal lattice 

with many spaces. The spaces are assumed to be imperfection, but these are the actual 

spaces where drug homes itself. Hence the liquid lipid are used which determines the 

state of nanocarriers as well as its loading capacity. Release pattern of the active 

constituents is also based on the blend of solid and liquid lipids. NLC is a blend of solid 

and liquid lipid which allows increased loading of the drug and have greater stability.  

Tazarotene is the first receptor-selective retinoid for the topical treatment of 

plaque psoriasis. By regulating gene transcription, tazarotene normalizes abnormal 

keratinocyte differentiation, reduces epidermal hyper proliferation, and decreases 

inflammation, the 3 pathogenic factors in psoriasis, thereby producing a more normal 

expression of skin differentiation in psoriatic lesions.  

The aim of the present study was to formulate, develop and optimize tazarotene 

SLNs and NCLs loaded gel for the treatment of psoriasis using statistical design. The 

formulated Lipid nanoparticles were evaluated for the size, Zeta potential, % EE, 

Thermal Behaviour, Occlusion Study, XRD Study, SEM analysis and in-vitro drug 

release.  Based on the results of single factor experiments of preliminary trials, three 
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independent variables, Solid Lipid (Cutina GMS VPH): Liquid Lipid (Cremophor EL) 

ratio, Lipid (Cremophor EL): Drug (Tazarotene) ratio, % PVA), were confirmed as 

independent variables as X1, X2, and X3 respectively for formulation development of 

lipid based nanocarriers of tazarotene.  The SLN and NLC formulations containing 

tazarotene were formulated by statistical approach of Box-Behnken Design (BBD) using 

Design Expert Software trail version (Stat-Ease Inc. Minneapolis, MN, USA) by 

Response Surface Methodology augmented with 5 center points.  The dependent 

variables for the BBD batches were taken as size (Y1), zeta potential (Y2) and % 

entrapment efficiency (Y3). The contour plot and response surface plots were utilized in 

the optimization of the formulations. The optimized formulation was selected by 

desirability approach employing overlay plot using Expert Design software trial version. 

Stability study was carried out and the formulations were found stable.  
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Cell based, Ex Vivo and In Vivo Study of Lipid Based Nanocarriers of 

Tazarotene for Treatment of Psoriasis 

 

6.1 INTRODUCTION: 

Psoriasis is one of the life threatening skin diseases and it is an immune-mediated 

disorder with hyperkeratosis and other inflammatory reactions. Psoriasis can be 

categorized as mild, moderate and severe conditions and mild psoriasis leads to the 

formation of rashes, and when it becomes moderate, the skin turns into scaly. In severe 

conditions, red patches may be present on skin surface and becomes itchy. Topical 

delivery of drug is always prescribed for psoriasis for local action and to avoid first pass 

metabolism. Conventional methods of drug delivery systems are inefficient to provide 

target effect and higher bioavailability with its short half-life and instability of the drug. 

Novel Drug Delivery Systems (NDDS) are the systems other than conventional delivery 

systems which include liposomes, niosomes, microemulsions, transferosomes, 

ethosomes, emulsomes, invasomes, dendrimers, nanoparticles, hydrogel, etc. Novel drug 

delivery systems help to target into the tissues through skin layers and can provide better 

therapy for topical treatment of psoriasis (Nitha Vincent, Ramya Devi D, Vedha Hari BN, 

Progress in psoriasis therapy via novel drug delivery systems, Dermatology Reports 

2014; volume 6:5451). 

Lipid based drug delivery system were prepared with the hypothesis that by the virtues of 

their lipidic nature and nanometric particle size, they would be able to increase the 

permeable fraction through skin and might reduce the dose required to exhibit the 

therapeutic activity and decrease the toxicity of the drug. The evaluation of 

pharmacodynamic activity is useful to confirm the extent to which the objectives have 

been achieved. To deduce the exact mechanism of permeation of the lipid-based drug 

delivery systems, in vivo pharmacodynamics was performed in animals. 

In recent years, attempts were made for successful formulation development of 

antipsoriatic agents by employing novel lipid based carriers like Liposome, Niosome, 

Microemulsion, Nanoemulsion and nanoemulsomes, Nanostructured lipid carrier, 

Ethosome, Novasome, Solid lipid nanoparticle, etc. Nanostructured lipid carriers (NLCs) 
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are the latest generation of Solid lipid nanoparticles (SLNs) possessing improved 

properties of drug loading, modulation of the release profile, and stable drug 

incorporation during storage. NLC systems are a promising carrier for the topical 

delivery of antipsoriatic drugs as revealed by enhanced skin permeation, negligible skin 

irritation, and the compatibility of the drugs.  

However, there have been no comparative studies of tazarotene lipid based formulations 

for treatment of psoriasis. The aim of the present research was to study the efficacy and 

safety of tazarotene lipid based formulations and to compare the same with the standard 

therapy using Zorotene Gel. Tazarotene formulation of NLCs, SLNs, Gel of NLCs and 

SLNs were developed and optimized using Box-Behnken Design (BBD) using Design 

Expert Software trail version by Response Surface Methodology augmented with 5 center 

points (Mayurbhai P. Parmar1, Dr. L. D. Paterl, Bhoomita G. Hadia, Lalaji Rathod and 

Kinjal Parikh, World Journal of Pharmaceutical Research, Vol. 8, Issue 10, 2019, 1830-

1871) and found stable in stability study. The formulations were evaluated for 

cytotoxicity study for MTT assay and cellular uptake using confocal microscopy, ex-vivo 

study for histopathology and skin deposition, biochemical analysis, in-vivo animal study 

using mice for acute dermal toxicity, and anti-psoriatic activity and the results were found 

promising.  

  

6.2 MATERIALS & METHODS 

6.2.1 Materials: The list of materials used in the present work was presented as Table 

6.1. 

Table 6.1: List of Materials 

Materials Sources 

A431 cell line NCCS Pune, India 

Dulbecco’s Modified Eagle Medium Himedia, India 

Fetal Bovine Serum Himedia, India 

Chloroform RFCL Limited , India 

Methanol RFCL Limited, India 

Di Sodium Hydrogen Phosphate Merck, India 

Potassium Dihydrogen Phosphate Merck, India 

Protamine Sulphate Merck, India 

DCPT 069 Amoli Organics Ltd,India 

Glyceryl Monostearate Cutina, Germany  
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Galol (Glyceryl Mono Stearate) Gattefose, Germany  

Compritol 88 Gattefose, Grrmany 

Gelucire 50/13 Pellets Gattefose, Germany  

Precirol Gattefose, Germany  

Oleic Acid Sasol, Germany  

Imwitor 948 Sasol, Germany  

Imwitor 491 Sasol, Germany  

Arlamol Croda, Germany  

Miglyol 840 Sasol, Germany  

Miglyol 829 Sasol, Germany  

Acconon Cc-6 Abitech, Germany  

Cremophor El ( Peg-35 Castor Oil) Basf, Germany  

PVA Basf Germany 

Poloxamer F 127 Lutrol, Basf, Germany 

Tween 80 Croda, Germany  

Protamine Sulphate Merck, Germany  

Di Sodium Hydrogen Phosphate Merck, Germany  

Potassium Dihydrogen Phosphate Merck, Germany  

Carbopol 980 NF Lubrizole, Germany  

Distilled Water - 

 

6.2.2 Equipments: The list of equipments used in the present research was presented as 

Table 6.2. 

Table 6.2: List of Equipments 

Equipments Manufacture / Make 

Electronic Balance Cpa2245 Sartorius, Germany  

Homogemizer Ultraturrex T25 Basic Ika Labortechnik, Germany 

Hot Plate Cum Magnetic Stirrer Ika( Rh Basic), Germany 

Probe Sonicator Up100h Hielscher Ultrasound Technology, Country 

Zeta Sizer Nanoseries Nano- Zs Malvern Instruments, , Country 

Centrifuge 5702 Eppendorf, Germany  

UV -Spectrophotometer Beckman Du ® 640, Usa 

Brookfield Viscometer Cap 2000+ Viscometer., Usa 

Vortex Mixer(Ika Vortex Genius 3) Ika Labortechnik, Germany 

pH Meter temp controlled LABINDIA , India  

Micropippets Eppendorf Research, Germany 

Refrigerator Samsung Silver Nano Health System, Japan 

Bath Sonicator  Elma ® S 10 H Elmasonic , Country 

HPLC Beckman Du ® 640, Usa 
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DSC Instrument Dsc-60, Shimadzu, Japan 

XRD Instrument Brucker Axs, D8 Advanced, Germany 

Scanning Electron Microscope  Jsm-5610lv, Jeol, Japan 

 

6.2.3 Animals: The in vivo study was performed on male BALB/c mice (30-45 g) 

procured from Pretox Research Centre, Surat, India. The protocol for the study was duly 

approved by Institutional Animal Ethics Committee. All experimental procedures were 

carried out as per Committee for the Purpose of Control and Supervision of Experiments 

on Animals (CPCSEA) guidelines released by Ministry of Environment, Forests and 

Climate Change, Govt of India. The animals were housed in polypropylene cages under 

laboratory conditions of controlled environment of temperature 25 ± 2 °C, 60 ± 5% RH 

and 12 h dark/light cycle. Three animals per cage were fed ad libitum with animal feed 

allowing free access to drinking water. After acclimatization, the animals were randomly 

allocated to groups having six animals in each group for pharmacodynamic study. 

 

6.2.4 Estimation of Tazarotene: The method was described in details in Chapter 4 

Section 4.4.1.   

 

6.2.5 Method of Preparation of Lipid Nanoparticles i.e. SLNs and NLCs: The method 

was described in details in Chapter 4 Section 4.4.2.   

 

6.2.6 Evaluation of Parameters of Tazarotene Formulations: The method was 

described in details in Chapter 4 Section 4.4.3. 

 

6.2.7 Cytotoxicity Study: 

A 431 (Skin cancer) epithelial cell line procured from NCCS, Pune, India was used for 

cytotoxicity study. 

Media Preparation: DMEM (Dulbecco’s Modified Eagle Medium) (procured from 

HiMedia) with added 10% Fetal Bovine Serum (FBS) and 0.5% antibiotic solution was 

used as media for culturing cells at 37°C. The cells of A 431 were maintained in 5% CO2 

incubator.   
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Subculture procedure: After 70 – 80 % confluency of cells in culture flask, subculturing 

was carried out. The complete media from the flask was removed aseptically in laminar 

air flow hood. After gentle wash with PBS 7.4, the trypsin – EDTA treatment for NMT 2 

min was carried out. The trypsin – EDTA treatment detaches the adherent cells from the 

flask and the roundup of the cells was visible under microscope. The cell suspension was 

then transferred to centrifuge tube. After centrifuge for 2 min at 1000 rpm, the 

supernatant was removed and the cells were re suspended in complete media. The cells 

were counted using neubauer’s chamber under microscope after staining with tryphan 

blue. Accordingly, the cells were subcultured in other flask after appropriate cell density 

was obtained.  

(A) MTT assay: 

Principle: The MTT assay is colorimetric assay for measuring the activity of enzymes 

that reduce MTT to formazan, giving a purple colour. This conversion reaction takes 

place in mitochondria and so the assay is therefore a measure of mitochondrial activity. 

Hence, In-vitro cytotoxicity of the developed formulation can be evaluated by using MTT 

assay. Since the formulation is non-toxic to cells, the cells would convert the yellow 

MTT dye to purple coloured formazan. Lesser the toxicity of the formulation, the more 

will be the viability resulting in purple color development after the treatment which can 

be compared to control.  

Yellow MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, a tetrazole) 

is reduced to purple formazan in the mitochondria of living cells. The amount of 

formazan produced is directly proportional to the viable number of cell in range of cell 

lines. Dimethyl-sulfoxide was added to dissolve the insoluble purple formazan product 

and make a coloured solution. The absorbance of this coloured solution is then quantified 

by measuring at 570nm wavelength using ELISA plate reader.  
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Procedure: After counting the cells, 104 cells were seeded in each well of 96 well plate 

with 200 µl of complete media. After the cells get adhered at  around 24 h, the 

formulation treatment was given for 6 h using 1000 µg/mL, 500 µg/mL, 100 µg/mL and 

10 µg/mL concentration. After the treatment, the formulation was removed and 10 µL of 

MTT dye (5 mg/mL) was added to each well containing 100 µL of complete media. The 

cells were further incubated for 4 h after MTT treatment. Then 100 µL of DMSO was 

added to each well for solubilization of Formazan crystal. After adding DMSO, the plate 

was incubated for 2 h to allow the solubilization of formazan crystal. Then absorbance 

was read at 570 nm using ELISA plate reader. Based on the comparative absorption of 

control cells, the % viability was calculated.  

(B) Cellular uptake using confocal microscopy  

Qualitative cellular uptake was carried out after proliferating the cells on a coverslip in a 

6 well plate. The cells were treated with formulations prepared by replacing the drug with 

Coumarin-6 dye for 4 h. After treatment, the coverslips were washed with phosphate 

buffer saline pH 7.4 thrice. DAPI was used to stain nuclei. Following staining, the 

coverslips were mounted using glycerin. The slides were observed using confocal 

microscopy (ZEISS LSM, Germany) and images were processed for color channeling 

using ZEN lite – Blue edition software. 

 

6.2.8 Ex-Vivo Study: 

Drug penetration into certain layers of the skin can be achieved using lipid based 

vesicular drug delivery system such as SLN and NLC as a consequence of the creation of 

a supersaturated system. Supersaturation is a very useful method of enhancing the 

permeation of drugs across membranes such as skin. Unlike other methods, it does not 

interfere with the ultrastructure of the stratum corneum. Incorporation of lipid vesicle into 

transdermal or topical formulations (creams, ointments, emulsions, gels) can be 

performed to create supersaturated systems. The increase in saturation solubility will lead 

to an increased diffusion pressure of drug into the skin. The developed semi-solid 

systems consist of a three-dimensional vehicle (hydrogel or hydrophilic cream) which is 
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interpenetrated by an aqueous dispersion of SLNs and NLCs. During storage, the drug 

remains in the lipid matrix because these particles preserve their original structure. 

Method: Ex vivo study was performed using full-thickness rat abdominal skin. After 

euthanasia by cervical dislocation, the abdominal skin of rat was removed and dipped 

into phosphate buffer solution (pH 6.8). After removing hair from the rat skin by electric 

clipper, it was mounted (stratum corneum facing upward) on Franz diffusion cell 

(diameter 1 cm, effective surface area 0.785 cm2) filled with 20 mL diffusion media in 

receptor chamber. The media was pH 6.8 buffer maintained at 37±0.5°C. The 

formulations, drug loaded SLN and drug loaded NLC in hydrogel and drug suspension in 

hydrogel, equivalent to 1 mg of drug were placed on the skin. 1 mL aliquot was 

withdrawn at predetermined time points for up to 24 h and was analyzed by validated 

HPLC method.   

At the end of the permeation for 24 h, the skin surface was washed thrice with the 

diffusion media. The collected diffusion media was filtered through 0.22 µm nylon filter 

(Himedia, India) under vacuum and the filtrate was analyzed by HPLC (Shimadzu, 

Japan) to determine the drug remained on the skin. 

To determine drug deposition in skin, the skin was chopped into fine pieces and 

homogenized by tissue homogenizer in methanol with intermittent sonication cycles. The 

drug so extracted in methanol was analyzed by HPLC after filtration and centrifugation. 

(A) Histopathology: Animals were killed by decapitation after anesthesia then after skin 

biopsies were taken and preserved in 4% paraformaldehyde solution containing glass 

vials. 4 µm thick sections were stained with hematoxylin–eosin to determine gross 

histopathology and collagen deposition, respectively. Sections were examined for 

presence of Munro’s microabscesss, elongation of rete ridges, and capillary loop dilation 

by direct microscopy. The vertical epidermal thickness between the dermoepidermal 

junction and the lowest part of the stratum corneum were examined. The percentage 

relative epidermal thickness of all the groups was calculated in comparison with the 

positive control group. It was also examined for mean thickness of stratum corneum and 

stratum granulosum. The slides were analyzed at 400-fold magnification using optical 

microscope. 
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(B) Skin deposition study: For qualitative analysis of the skin deposition the 

fluorescence dye was used. The NLC/SLN was prepared with 6-coumarin as a 

fluorescence dye. For the purpose of this study the optimized formula is used except the 

drug is replaced with the dye. Here the 6-coumarin is selected as the marker dye because 

its physicochemical properties are somewhat similar to drug. The Formulated SLN/NLC 

were evaluated for other response parameters as to check the similarity of the formulation 

with the drug loaded nanoparticles. Gels incorporating various formulations were applied 

on rats abdominal skin. After six hours the rat was sacrificed and skin was excised and 

immediately immersed in 10% buffered formalin, dehydrated in graded concentrations of 

ethanol, immersed in xylene, and then embedded in paraffin. The 5-μm thick sections of 

skin were cut using microtome and were mounted on slide using commercial glycerol’s 

mounting fluid. The paraffin wax was removed by warming the slide gently, until the 

wax melted, and then was washed with xylene followed by washings with absolute 

alcohol and water. The slides were prepared and analyzed under the fluorescence 

microscope. 

(C) Biochemical Analysis: The tissues were excised and store in formalin solution at -

20° C until used for the estimation of hydroxyproline content.  The tissue samples were 

hydrolyzed with 6N HCL for three hours at 130° C then after neutralized to pH 7.0. After 

that tissue was subjected to chloramines-T oxidation for 20 min. after 5 min 2.5 ml each 

to ehrlich reagent was added. The sample tube was immersed in a water bath at 60° C for 

25 min. Tubes were transferred to ice bath for cooling. Samples were stirred after 

addition of 6.6 ml Isopropyl Alcohol. At last, samples were analyzed in 1 cm cuvettes by 

UV spectrophotometer at a wavelength 557 nm against control (distilled water). 

6.2.9 In-Vivo Animal Study:[3][5][6] 

Animals: The in vivo study was performed on male BALB/c mice (30-45 g) procured 

from Maliba college of Pharmacy, Surat, India. The protocol for the study was duly 

approved by Institutional Animal Ethics Committee, Maliba college of Pharmacy, Surat, 

India, vide protocol approval no: MPC/IAEC/24/2017. All experimental procedures were 

carried out as per Committee for the Purpose of Control and Supervision of Experiments 

on Animals (CPCSEA) guidelines released by Ministry of Environment, Forests and 

Climate Change, Govt of India. The animals were housed in polypropylene cages under 
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laboratory conditions of controlled environment of temperature 25 ± 2 °C, 60 ± 5% RH 

and 12 h dark/light cycle. Three animals per cage were fed ad libitum with animal feed 

allowing free access to drinking water. After acclimatization, the animals were randomly 

allocated to groups having six animals in each group for pharmacodynamic study. 

(A) Acute Dermal Toxicity Study: The acute dermal toxicity performed according to 

the Organization for economic co-operation and development (OECD) guidelines no. 402 

[3]. Approximately 24 h before the test, 10% hairs of the body were removed from the 

dorsal area of the test animal using shaving blade. Animals were divided into three 

groups having 6 animals in each groups study. Group I animals were considered as 

control, Group II and Group III animals received topically test formulation – SLN gel and 

NLC gel at 0.1%w/w of drug dose respectively (Table 6.3). All animals were monitored 

for 14 days for changes in fur, eyes, behavior and toxic reactions. 

Table 6.3:  Acute Dermal Toxicity Study 

Groups (n=6) 
Samples topically applied at a dose of 0.1%w/w in 

gel 

1 Normal control Placebo gel (In-house developed) 

2 Formulation-1 treated SLN gel 

 

(B) Anti-Psoriatic Activity Evaluation 

Animal Model: Imiquimod (IMQ) induced psoriatic model [4] [8]: The dermatitis 

was induced by topical application of IMQ on mouse dorsal skin as it closely resembles 

human plaque-type psoriasis lesions - not only with respect to phenotypic presentation 

and histological characteristics, but also in the development of the inflamed scaly skin 

lesions. Therefore, the murine psoriasis model was constructed in this study by topical 

application of IMQ on mouse dorsal skin. 

Mechanism to induce Psoriasis:  

- Activation of TLR7 and TLR8 expressed by monocytes, macrophages and dendritic 

cells → increased activation of pro-inflammatory cytokines and chemokines. 

- Infiltration of T cells, dendritic cells, macrophages and neutrophils.  

- Altered dermal vascularity. 
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Figure 6.1: Mechanism of Psoriasis induction using Imiquimod 

 

In brief, the BALB/c mice were topically applied with a daily dose of 5 mg IMQ 

commercially available cream on the shaved dorsal skin and right ear for 10 days. The 

treated area was examined daily for skin inflammation or lesions, the clinical psoriasis 

area and severity index (PASI) was scored based on the extent of erythema, scaling and 

epidermal thickening of the inflammation on the dorsal region. The extent of epidermal 

thickening was determined at ear site, which is aggravated in case of psoriasis. Treatment 

was initiated with the formulations from 7th day onwards keeping aside Group – 1 

(control) and Group – 2 (IMQ treated group - received only imiquimod dose). The rest of 

the groups received a daily treatment of the formulations in the evening along with 

continuous dose of IMQ which was applied in the morning.  

To score the severity of inflammation of the back skin, an objective scoring system was 

developed based on the clinical Psoriasis Area and Severity Index (PASI), except that for 

the mouse model the affected skin area is not taken into account in the overall score. 

Erythema, scaling, and thickening were scored independently on a scale from 0 to 4: 0, 

none; 1, slight; 2, moderate; 3, marked; 4, very marked. The level of erythema was scored 

using a scoring table with red taints [7]. The cumulative score (erythema plus scaling plus 

thickening) served as a measure of the severity of inflammation (scale 0–12). At the days 

indicated, the ear thickness of the right ear was measured in duplicate using a micrometer 

[8]. The increase in ear thickness was used to indicate the extent of inflammation. At the 

end of the study (21st day), all animals were euthanized. 

On 21st day (7 days IMQ + 14 days treatment) the mice were sacrificed and skin was 

collected from each animal. Punch biopsies of lesioned skin samples from each mouse of 
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each group were fixed in 4% paraformaldehyde and paraffin embedded for histological 

analysis. The grouping of animals was presented in Table 6.4. 

Table 6.4: Grouping of animals for Anti-psoriatic activity assessment 

Groups (n=6) Treatment  

1 Normal Control Untreated 

2 Disease Control - IMQ treated IMQ 

3 Zorotene Gel® treatment (marketed formulation) IMQ + Zorotene gel 

4 Formulation-1 treatment IMQ + SLN gel 

5 Formulation-2 treatment IMQ + NLC gel 

 

6.3 RESULTS & DISCUSSION 

6.3.1 Cytotoxicity Study: The MTT assay is colorimetric assay for measuring the 

activity of enzymes that reduce MTT to formazan, giving a purple colour. The results of 

MTT study were presented in Table 6.5 and Figure 6.2. 

Table 6.5: Results % Viability of MTT study 

Conc. 

(ug/mL) 

% Viability 

Drug SLN NLC 

1 102.1 101.9 100.3 

10 100.2 98.9 100.2 

20 98.2 96.1 99.6 

30 96.7 95.4 97.6 

40 95.6 96.3 93.1 

50 94.2 95.2 92.8 

100 95.2 94.3 93.6 

 

 

Fig. 6.2: Results of % Viability of MTT Assay 
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As shown in Fig. 6.2, the cell viability was in the range of 93-100 %. At higher 

concentration of SLN/NLC, the cell viability was less. As compared with pure drug, the 

reason for decrease in % viability might be due to the presence of surfactant. The 

surfactant molecules at higher concentration may have led to irreversible changes in cell 

that lead to apoptosis of cells. The in vitro cell toxicity study develops the basis for in 

vivo or ex vivo study. From the %viability study, it was concluded that the formulation is 

safe for external use. 

6.3.2 Cellular uptake using confocal microscopy:  

Cellular uptake and distribution was studied using coumarin – 6 fluorescent marker 

loaded NLS and SLN formulations. As the drug tazarotene is hydrophobic in nature, 

coumarin-6 was chosen as hydrophobic model dye to mimic its nature. Qualitative study 

of cellular internalization of formulation was studied by confocal LASER scanning 

microscopy. Figure 6.3 showed cellular image for cells incubated with NLC and SLN 

formulation. Dense nuclei area is stained in blue by DAPI flurophore, whereas green 

color is due to formulation loaded with coumarin – 6. Abundance of green color in 

formulation treated cell indicates internalization of formulation. Formulation did not 

appear in the nucleus area; however, its perinuclear location might be important for 

higher drug concentration around the nucleus. The punctual intracellular concentration of 

formulation within the cells indicated their location in certain compartments, such as 

endosomes or lysosomes. 

Fig. 6.3: Assessment of cellular uptake 
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6.3.3 : EX- VIVO STUDIES:  

6.3.3.1 Ex vivo permeation study: Ex vivo permeation study of tazarotene in form of 

prepared formulations was compared with the marketed formulation – Zorotene. From 

the study results, it was observed that drug permeation across the skin barrier from the 

NLCs was faster than other formulations. Reasonably, it might be due to increased 

solubilization and permeation of nano-sized vesicular formulation compared to drug 

suspension. This data can be correlated with the occlusion study results.  

Table6.6:   Ex-vivo Permeation Study 

 

Time Drug in gel SLN in gel NLC in gel 
Zorotene  

(Marketed Gel) 

0.5 0 0 0 0 

1 3.2±0.8 2.6±1.5 2.1±0.8 3.2±1.8 

2 7.5±1.4 4.3±2.9 4.5±2.1 4.5±2.1 

4 8.4±2.8 10.3±2.5 14.8±3.8 8.2±2.8 

6 10.1±1.6 11.2±3.1 19.9±2.6 11.8±4.6 

8 12.1±2.1 13.9±4.2 24.7±3.7 13.2±2.7 

12 19.5±2.2 21.1±1.8 32.9±4.3 21.2±4.2 

16 22.3±4.7 28.8±2.4 38.3±3.2 24.1±3.9 

20 24.0±3.2 34.4±3.1 42.3±2.1 27.9±2.6 

24 25.3±6.3 40.3±2.6 52.1±2.2 32.1±2.1 

 

Within 24 h, 40.3±2.6% and 52.1±2.2% drug diffused from Tazarotene’s SLN hydrogel 

and Tazarotene NLC hydrogel respectively. On the other hand, only 25.3±6.3 % ILO and 

32.1±2.1% tazarotene drug diffusion was observed from prepared gel and marketed gel 

(zorotene) respectively. This might be due to the rate limiting step of dissolution of drug 

itself. 



GTU 151 

 

 

Figure 6.4  Ex vivo drug permeation study 

  

 

 

Figure 6.5   Drug release and deposition - ex vivo study 

As seen from above figure 6.5 , the permeation (% drug released) of tazarotene from SLN 

and  NLCs is more compared to the marketed gel and drug in gel at the end of 24 h of 

study. This is owing to nano sized vesicles which increased permeability across the skin. 

As SLNs and NLCs permeate through the intracellular or extracellular pathways, it 

showed increased permeation through the skin. % drug deposited inside the dermal layer 

was highest in case of NLCs and SLNs in hydrogel. This may be attributed to occlusion 
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effect and nanometer size range of the prepared novel formulation. Conversely, the pure 

drug which was not able to overcome the barrier properties of skin showed higher % drug 

retained on skin. 

6.3.3.2 SKIN DEPOSITION STUDY: 

The penetration of Fluoroscent dye in the skin was captured through florescent 

microscope. 

 

Figure 6.6 : Normal fluorescence of the skin 

 

Figure 6.7 : Skin deposition of fluorescent dye by plain gel 
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Figure 6.8 : Skin Deposition of Fluorescent dye by NLC GEL 

 

Figure 6.9 : Skin deposition by SLN GEL 

From the skin deposition study we can conclude that the gels incorporating NLCs and 

SLNs shows higher drug concentration in skin compared to plain gel. The epidermal 

targeting with the lipid nanoparticles is shown here.  

6.3.3.2 Histopathology 

The toxic potential of the formulation was analyzed from histopathological study. The 

group treated with IMQ which causes inflammation served as disease control (negative 

control) (A). The group without any treatment served as normal control (positive control) 

(B). The treatment groups i.e. marketed gel (zorotene gel) (C), NLC gel (D) and SLN gel 

(E) treated groups were compared with the positive and negative control groups.  
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The HE staining of dorsal skin was performed to observe the histological changes of the 

skin induced with IMQ and then treated with different formulations. As shown in Figure 

6.10, mice treated with IMQ, presents an increased epidermal hyperplasia, elongation of 

rete-like ridges, acanthosis in the epidermis, and perivascular infiltration of the 

inflammatory cells in the upper dermis, resembling closely a phenotype typical of human 

psoriatic skin. Additionally, abnormal keratinocyte differentiation with marked 

hyperkeratosis was observed. The hyperplasia of basal and suprabasal keratinocytes 

resulted in epidermal thickening. Whereas, the cross section of untreated skin shows no 

sign of destruction. The cross section of the skin treated with marketed gel, SLN gel and 

NLC gel does not show any signs of the toxicity. The histopathology of the skin treated 

with lipid nanoparticles formulation was comparable with the untreated skin (control 

group). The SLN and NLC are prepared from the biodegradable lipids which are 

generally nontoxic in the nature. Keratinocytes rupture seen in negative control and 

revival of the same was considered as a measure of improvement as seen in NLC gel 

treated group. This proved the nontoxic behavior of lipid based formulations. 

 
 

Figure 6.10: Histopathology Study 
(A – Group I – Normal Control, B – Group II – Disease Control, C – Group III – Zorotene 
gel treated, D – Group IV – NLC gel treated, E – Group V – SLN gel treated) 
 

6.4: In Vivo Studies 
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6.4.1 Acute Dermal Toxicity Study: 

In Acute dermal toxicity study, sample topically applied at a dose of 0.1% w/w gel. After 

14 days observation, all animals were found to be normal and there were no changes in 

fur, eyes, and behavior of treated animals. There were no toxic reactions like 

inflammation redness, erthyma observed on skin. Hence, formulation was found to be 

safe for topical application. 

6.4.2 Anti-Psoriatic Activity Evaluation: 

(A) Induction of psoriasis – ear thickness measurement: The results of the right ear 

thickness after psoriasis induction at the 7th day and after treatment with the prepared 

formulations were shown in Table 6.6 and Figure 6.4. The redness and scaling started to 

appear from 4th day and increased progressively till 7th day. Right ear started developing 

a component of redness, epidermal thickening and inflammation. After the treatment, 

skin of the mice was assessed visually and there was reduction in redness and 

inflammation of the treated groups. The maximum increase in ear thickness was observed 

on the 7th day after IMQ treatment in all the groups. After 7th day all group were daily 

treated as described in table 2 and further ear thickness was measured using micrometer 

regularly. Significant decrease in the ear thickness was observed at the end of 21 days for 

the treatment groups of SLN and NLC formulations. The epidermal thickening which 

happened as a result of inflammation contributed to the increase in ear thickness which 

could be easily visualized in IMQ treated group. The decrease in the ear thickness might 

be attributed due to the reduction in the inflammation on application of NLC/SLN gel. 

Table 6.7: Ear Thickness in mm for Anti-Psoriatic Activity Evaluation 

Day 0 7 9 12 15 18 21 

Normal Control 0.22 0.23 0.22 0.23 0.24 0.23 0.22 

Disease Control 0.22 0.36 0.35 0.32 0.34 0.35 0.33 

Drug gel (In-house) 0.21 0.35 0.32 0.29 0.3 0.26 0.29 

Zorotene gel 0.22 0.35 0.32 0.28 0.29 0.27 0.28 

NLC gel 0.23 0.36 0.31 0.29 0.27 0.23 0.21 

SLN gel 0.23 0.36 0.32 0.28 0.27 0.25 0.22 
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Figure 6.11: Ear Thickness in mm for Anti-Psoriatic Activity Evaluation 

(B) Induction of psoriasis – Macroscopic Observation by PASI score: The results of 

macroscopic observation in animals after topical application of formulations were shown 

in Table 6.7. Severity index was calculated by observing the psoriatic lesion by naked eye 

at the end of 21 days treatment. Result of % Relative epidermal thickness in both test 

group - NLC gel treated (Group IV) and SLN gel treated (Group V) - were 56.38% and 

51.28% respectively which was higher compare to Group III (40.24%) but lesser that that 

of Normal control group (96.34%) which indicated good anti-psoriatic strength of the 

formulation. There was also less severity index observed in test (Group IV and Group V) 

compared to marketed formulation treated animal groups. 

Table 6.8: Macroscopic examination – Psoriatic Scaling - PASI score 

Group 

% Relative 

epidermal 

thickness (μm)# 

Psoriasis Area and Severity 

Index (PASI)* 

Erythema Scales Thickness 

Group I (Normal control) 96.34 0 0 0 

Group II (Disease control) - 4 4 4 

Group III (Zorotene Gel) 40.24 3 3 2 

Group IV (NLC gel) 56.38 2 2 1 

Group V (SLN gel) 51.28 2 3 1 

#The % was calculated with reference to Disease control group.  

*PASI: 0 – none, 1 – slight, 2 – moderate, 3 – marked, 4 – very marked 
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6.5 Biochemical assay [11]  

The results of the Hydroxyproline content were shown in Figure 6.6.  

 
Figure 6.6: Hydroxyproline content in IMQ induced Psoriasis mice model 

The biochemical evaluation revealed no significant reduction in hydroxyproline content 

in treated group. The hydroxyproline content of the test group IV and V were found to be 

almost equal which was higher than that of disease control group.  An increase in 

collagen catabolism and regeneration is an important link in the pathogenesis of many 

diseases. 12 – 14% of all amino acid residues of collagen are hydroxyproline. Collagen is 

major constituent of the dermis, and is therefore involved in many facets of skin disease 

including psoriasis as well as the recovery process. 

 

6.6 CONCLUSION:  

Psoriasis is one of the life threatening skin diseases and it is an immune-mediated 

disorder with hyperkeratosis and other inflammatory reactions. The red patches may be 

present on skin surface and becomes itchy. Topical delivery of drug is prescribed for 

psoriasis for local action and to avoid first pass metabolism. Conventional methods of 

drug delivery systems are inefficient to provide target effect and higher bioavailability 

with its short half-life and instability of the drug. Novel drug delivery systems help to 
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target into the tissues through skin layers and can provide better therapy for topical 

treatment of psoriasis. 

By the virtues of their lipidic nature and nanometric particle size of lipid based drug 

delivery system, they would be able to increase the permeable fraction through skin and 

might reduce the dose required to exhibit the therapeutic activity and decrease the 

toxicity of the drug. In recent years, attempts were made for successful formulation 

development of antipsoriatic agents by employing novel lipid based. Nanostructured lipid 

carriers (NLCs) are the latest generation of Solid lipid nanoparticles (SLNs) possessing 

improved properties of drug loading, modulation of the release profile, and stable drug 

incorporation during storage. NLC systems are a promising carrier for the topical 

delivery of antipsoriatic drugs as revealed by enhanced skin permeation, negligible skin 

irritation, and the compatibility of the drugs.  

The aim of the present research was to study the efficacy and safety of tazarotene lipid 

based formulations and to compare the same with Zorotene Gel. Tazarotene formulation 

of NLCs, SLNs, Gel of NLCs and SLNs were developed and optimized using Box-

Behnken Design (BBD) using Design Expert Software trail version by Response Surface 

Methodology. The formulations were evaluated for cytotoxicity study for MTT assay and 

cellular uptake using confocal microscopy, ex-vivo study for histopathology and skin 

deposition, biochemical analysis, in-vivo animal study using mice for acute dermal 

toxicity, and anti-psoriatic activity and the results were found promising. They were 

found stable in stability study. 
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7.1 SUMMARY: 

About 125 million people are affected from Psoriasis in all over world (1% to 3% of the 

population worldwide). Psoriasis is a chronic skin disorder marked by periodic flare-ups 

of sharply defined red patches covered by a silvery, flaky surface. the primary disease 

activity leading to psoriasis occurs in the epidermis (a hyper proliferative skin disease 

with a markedly increased 5-6 times normal rate of epidermal turnover). 

Hence, as a alternative novel treatment modalities we have reported the successful development 

and characterization of SLN and NLC of tazarotene.  

 

 Nanocarriers possess numerous features that are advantageous for topical route of application . 

NLCs are colloidal carrier systems providing controlled release profiles for many substances 

.These carriers are composed of physiological and biodegradable lipids exhibiting low systemic 

toxicity and low cytotoxicity .Most of the used lipids have an approved status or are excipients 

used in commercially available topical cosmetic or pharmaceutical preparations. The small size of 

the lipid particles ensures close contact to stratum corneum and can increase the amount of Drug 

penetrating into mucosa or skin. Due to their solid lipid matrix, a controlled release from these 

carriers is possible. This becomes an important tool for enhancing the topical delivery of anti 

psoriasis drugs , to reduce systemic absorption, and when Drug produces irritation in high 

concentrations. As a result of film formation after topical application, occlusive properties have 

also been reported for NLC and SLN.  

 

ANALYTICAL METHOD: 

Both UV spectroscopic and HPLC methods were developed for the drug. The analytical methods 

are suitable to find the concentration of drug in the formulation, in release media. The HPLC 

method is sufficiently sensitive to find out the concentration of drug in Ex-vivo study. 

 

FORMULATION DEVELOPMENT: 

Here the NLCs Prepared by using Glyceryl monostearate as a solid lipid and the Cremophor as 

liquid lipid. The Melt emulsification –Sonication method is suitable to formulate the NLCs/SLNs. 

The NLCs/SLNs had been successfully incorporated in the hydrogel. The gel containing NLCs 

can show faster onset of action and prolonged duration of action. 

Various optimization techniques were used for the formulation development which includes 

traditional one factor at a time (OFAT) approach, the current mainstay optimization approach of 
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Design of Experiment as a part of QbD and probably a futuristic approach of artificial neural 

network (ANN). Process variables were optimized usinf OFAT approach. The major formulation 

variables which might affect QTPP of the formulation as identified from the Fish bone diagram 

and FMEA, were optimized using DoE – Box- Behnken Design.  

 

The Design of experiment concept was utilized to optimize various formulation parameters viz. 

Solid lipid: liquid lipid, Lipid:drug ,Surfactant concentration,Time for homogenization and 

Ultrasonication time. 

 

EVALUATION:  

Both the formulations were analyzed for the size, Zeta potential, %EE, Occlusion test, DSC , 

XRD, SEM and In vitro drug release study. NLCs shows better properties than SLNs. The 

hydrogels of the NLCs and SLNs were evaluated for the rheological parameters, pH, 

Homogeneity and total drug content. The cell cytotoxicity studies and cell Deposition studies 

were performed to evaluate toxicity and drug deposition.  

EX-VIVO STUDY: 

The Ex-vivo drug release study was compared for gel incorporating plain drug, Gel incorporating 

NLCs and Gels incorporating SLNs. Amount of drug deposited in the skin was calculated 

quantitatively as well as qualitatively. Lipid nanoparticles shows higher drug deposition in the 

skin compared to plain gels. 

IN VIVO STUDY: 

The in vivo studies were performed on male BALB/c mice. in vivo acute dermal toxicity 

studies were performed which established minor to no skin toxicity of formulation. 

Imiquomod induced psoriatic model is utilized to induce psoriasis and ear thickness 

measurements shows better pharmacodynamic effect of NLC and SLN incorporated gels. 

STABILITY STUDY: 

The stability studies were performed at two storage conditions viz room temperature (270C) and 

refrigerator (2-80C). The stability was performed for three months. The formulations were 

evaluated for change in size, Zeta potential, and % EE. NLC formulation was found stable during 

the storage. SLN formulations shows significant decrease in the %EE during the storage period. 

The gel fomulations does not show significant change in the pH, total drug content and 

psychorheological properties.       
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7.2 CONCLUSION: 

Various Topical anti- psoriatic preparations are available in the market, however they have 

certain limitations that demands the novel drug delivery system for the same purpose. Lipid 

Nanoparticulate systems fulfils the ideal characteristics for the formulation for topical drug 

delivery. To name a few, Low toxicity, low cost, large scale production, higher skin deposition, 

stability, prolonged duration of actions. Further development of the system can result in the 

market product of high revenue. The developed technology platform is proposed to be used for 

many other potential actives required to enhance topical drug delivery. It is further suggested that 

by changing the ratio of solid lipid and liquid lipid; release, permeation and hence 

pharmacodynamic activity can be modulated. 
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