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Abstract 

In current era of controlled release drug products and targeted drug delivery, niosomes are 

novel formulations of enormous significance. Niosomes provide greater formulation 

adaptability, more prominent physical cohesion and chemical perseverance. Niosomes 

can entrap lipophilic drugs and drugs of hydrophilic nature. Furthermore they augment 

the solubility of less soluble drugs in water, along with prolonged release effect. 

Cyclosporine A (CsA) is an immunosuppressant drug of exceptional importance, and is 

adopted as model drug. This drug has a low therapeutic index, and it has many toxic 

effects. After oral administration its bioavailability is variable due to poor absorption. So 

prime goal of this research was to formulate niosomal vesicles of cyclosporine A, to 

enhance its solubility and sustained release effect, consequently enhancing its 

bioavailability.  

Thin film hydration method was used for the preparation niosomes. Eleven niosomal 

formulations were successfully prepared. Nonionic surfactants and cholesterol was used 

in formulations.To determine the average drug content of CsA, HPLC method was used.  

This method was also validated as per protocols of ICH and used in determination of 

entrapment efficiency, in vitro and in vivo studies. The size range of niosomal 

formulations were from 415 nm to 1049 nm. The polydispersity index and zeta 

potential was in range of 0.259 to 0.572 and 23.8 to 35.2 mV respectively. Transmission 

electron microscopy revealed the spherical shape of niosomes in finally selected niosomal 

formulation F10. In the formulations F1, F2, F3, F4, F5 and F6 the formulation F2 exhibited 

the highest entrapment of 77.28%. In F2 the ratio of sorbitan monostearate and 

polysorbate 60 with cholesterol was 6:4. In formulations F7, F8, F9, F10 and F11, F10 

achieved the maximum entrapment efficiency. In formulation F10 nonionic surfactants 

used were span 20 and brij 35 along with cholesterol in ratio (1:1). This formulation F10 

exhibited maximum entrapment efficiency of 89.31%.  

No significant shift of peaks was found in ATR-FTIR analysis, which designates that 

there were no interactions.and CsA is compatible with niosomal components. DSC 

thermograms of niosomal formulations depicts that in niosomes the drug is amorphous in 

nature. Stability studies were conducted for three months, and it was found that niosomes 

were stable at 4°C and 25°C. But at refrigerated temperature 4-8 °C the amount of drug 

retained in niosomes was greater than at 25°C.  
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In vitro drug release testing depicts improved dissolution along with controlled release 

behavior in all formulations (F 1 – F11).In vitro release studies at pH 1.2 and 7.4 showed 

that for all niosomal formulations the percentage release of drug was significantly greater 

as compared to drug aqueous dispersion. Formulation F10 having span 20 and brij 35 

mixed surfactants, presented better dissolution and augmented sustain release rates in 

comparison with other formulations. Kinetic modeling of drug release of niosomal 

vesicles exhibited that they follow zero order release. To calculate the release exponent 

(n) kinetic model of korsemeyer and peppas was used. It exhibited that drug transport 

mechanism is anomalous. 

For in-vivo studies selected optimized niosomal formulations F2 and F10 were figure out. 

As a control CsA aqueous dispersion was used. PK Solver software was used for analysis 

of pharmacokinetic parameters. The values of AUC 0-inf, Tmax  and MRT 0-inf of 

niosomal formulations F10 and F2 were significantly greater than the CAD, confirming the 

sustained release and improved bioavailability of CsA. However, F10 formulation 

displayed greater AUC 0-t, Cmax and mean residence time as compared to F2, due to 

mixed surfactant system of span 20 and brij 35 used in F10 formulation along with 

cholesterol which improves the bioavailability and results in more sustain release effect of 

CsA. So it was found that niosomal formulations based on mixed surfactants, is effective 

delivery system for prolonged delivery of CsA along with improved oral bioavailability. 

Keywords: Immunosuppressant drugs, Cyclosporine A, Niosomes, Nonionic 

surfactants, entrapment efficiency, Span 20, brij 35, In-vivo studies. 
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Chapter No 1 

1.1. Introduction 

Pharmaceutical research is striving to transport active pharmaceutical ingredient to appropriate 

site of action for therapeutic effectiveness and lessen the side effects. To achieve this goal 

appropriate carriers are used that protects the drug from degradation and rapid clearance (Lee & 

Yeo, 2015). Over the couple of decades the researchers have extraordinary interest on niosomes 

to improve bioavailability of drugs and to target specific cells and organs (Marianecci et al., 

2014a).  

Niosomes are promising drug carrier as they are non-immunogenic, compatible and 

biodegradable. Niosomes are formulated by self-assembly of nonionic surfactants and 

cholesterol (Cho) in aqueous medium (Ag Seleci et al., 2016). Niosomes can be utilized as a 

transporter for delivery of immunosuppressant drugs, genes and drugs of low solubility. 

Niosomes resolve the issues of low bioavailability, insolubility, instability and fast degradation 

of  active pharmaceutical ingredients (Bagheri et al., 2014). 

Different routes of drug transport are utilized to increase therapeutic effectiveness by 

controlling pharmacokinetic pathways of active pharmaceutical ingredient. It includes 

administration through oral, parenteral, and topical routes, but the oral route is favorite in 

majority of patients and it gives better compliance (Wen et al., 2015).  Presently, novel drug 

delivery is perceived appropriate to enhance the solubility and bioavailability of active 

pharmaceutical ingredients (Kumar et al., 2013b). The adequacy of novel delivery systems to 

improve bioavailability is a principal concern of research. The medication delivery systems are 

viewed as effective, when they can transport the medication from biological membranes without 

degradation, to a particular site of action, along with sustain release effect (Tiwari et al., 2012).   

At present, tremendous research work is going on to explore the colloidal and vesicular 

particulate systems for efficient delivery of drugs. Niosomal vesicles are prepared by surfactants 

like spans and tweens etc and Cho hydration. On the basis of nature of amphiphiles in aqueous 

medium the surfactants made a bilayer vesicle by using energy of heat or physical agitation etc. 

In niosomal vesicles, hydrophilic heads remain in aqueous solvent while hydrophobic parts are 

arranged away from the aqueous medium. (Kazi et al., 2010). They can encapsulate both 

lipophilic and hydrophilic drugs in outer lipid layers and internal hydrophilic section respectively 

(Machado et al., 2018). To some extent niosomes are related to that of liposomes, but  

Furthermore niosomes are more economical and stable in contrast to liposomes (Varun et al., 
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2012).Various studies demonstrated that niosomes reduce the adverse effect along with 

prolonged and targeted release of drugs (De et al., 2018). High formulation versatility is 

available in niosomes as variety of nonionic surfactants, lipids and charge inducing agents are 

commercially available for their preparation (Pardakhty, 2017).  

The commonly employed surfactants in niosomal formulations are pluronic  surfactants, tweens 

and spans etc (Pardakhty et al., 2007). The negative charge inducers include phosphatidic acid 

and dicetylphosphate and positive charge inducers include cetylpyridinium chloride and 

stearylamine. They prevent aggregation of niosomal vesicles (Junyaprasert et al., 2008). In 

human body its immune system furnishes the primary defense in opposition to foreign 

molecules and pathogens (Simon et al., 2015). But in the introduction of graft of an organ or 

tissue can evoke a destructive immune reaction which can cause exclusion of the grafted new 

tissue.   

So immunosuppressive agents are employed to inhibit rejection of transplanted tissues.Other 

therapeutics uses include autoimmune disorders like acute glomerulonephritis and psoriasis etc 

(Thomson et al., 1993). Important immunosuppressive drugs include cyclosporine, sirolimus, 

tacrolimus, azathioprine, mycophenolate mofetil, alemtuzumab and prednisolone. 

Immunosuppressive agents suppress the immune function by one of several mechanisms of 

action which suppress cell mediated immune reactions. They cause depletion of T lymphocytes, 

blocks calcineurin, blocks IL-2 synthesis and some agents blocks cytokine stimulated cell 

proliferation (Finkel et al., 2009b).  

In immunosuppressive agents cyclosporine A (CsA) is of remarkable significance. It is 

extracted from fungus Tolypocladium inflatum gams (Walker, 2007). CsA is white in color and 

in powder form. It is not soluble in aqueous medium, but soluble in methyl alcohol, acetone, 

ether, dichloromethane and chloroform, (Sean & Paul, 2009). CsA is a strong 

immunosuppressive drug. Its major use was to inhibit rejection of grafts after bone marrow 

transplants, lungs, kidney, pancreas liver and heart. It is furthermore used for prohibition and 

treayment of severe psoriasis, aplastic anemia, and eczema and in serious rheumatoid arthritis 

when 2nd line drugs are unsuitable or unproductive. The therapeutic index of CsA is low with 

many toxic effects, which includes nephrotoxicity, hepatotoxicity, neurological problems, 

gastrointestinal intolerance and hypertrichosis. In organ transplantation general dose of CsA is 

10-15 mg/kg per day for 7 to 14 days postoperatively. This dose is then decreased slowly to 2-

6 mg /kg per day for maintenance (Katzung et al., 2009). 
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In the formulation of niosomes the surfactants employed were sorbitan monolaurate (Span 20), 

polysorbate 60 (Tween 60), Polyoxyl (23) lauryl ether (Brij 35) and sorbitan monostearate 

(Span 60). Single and mixed surfactant system were used along with cholesterol in appropriate 

ratio to formulate niosomes e.g combination of tween 60 and span 60 were used in formulation 

F2, and Span 20 and Brij 35 were used in formulation F10. The addition of lipids or Cho in 

niosomes is necessary, as it support the bilayer assembly and is used as membrane bilayer 

stabilizer. For stability of niosomes a positive charge inducer hexadecyl pyridinium chloride 

(HPC) was used in formulations.  

Thin film hydration method was employed for the formulation of niosomes. The HPLC method 

was developed for measuring average drug content of CsA. This method was validated as per 

protocols of ICH. This protocol was employed in determination of entrapment efficiency, in vitro 

release studies and in in vivo evaluation and pharmacokinetics studies of CsA. Niosomes were 

characterized for zeta size, zeta potential, polydispersivity index (PDI) and determination of 

entrapment efficiency. Transmission electron microscopy (TEM) was employed to study the 

shape outer structure of niosomes. Differential scanning calorimetry (DSC) and attenuated total 

reflectance / Fourier transform infrared (ATR-FTIR) techniques were used in studies of drug 

and surfactants interaction etc. Drug release studies were accomplished by utilizing phosphate 

buffer saline (PBS) at pH 1.2 and 7.4 by employing dialysis bag method. 

In-vivo evaluation of optimized formulations F2 and F10 were also designed. In-vivo studies were 

conducted on twenty four healthy and normal albino rabbits (1.2-1.6 Kg). The subjects were 

given appropriate oral doses of optimized formulation and plain aqueous suspension by non-

crossover design. To calculate blood levels of CsA, developed HPLC method was used. Various 

pharmacokinetic parameters like peak plasma Conc, area under the plasma Conc time curve, 

half-life, mean residence time and elimination rate constant etc were also analyzed by using PK 

Solver software. 

1.2.  Problem Statement 

When CsA is administered orally it has variable pharmacokinetics and bioavailability due to 

the poor absorption. So research is continue on novel delivery methods to additionally upsurge 

the bioavailability of CsA by augmenting its solubility and dissolution profile (Kim et al., 

1997). Sandimmune® was oil based formulation of CsA, it has great intra and inter patient 

inconsistency and low bioavailability. Pre systemic metabolism of CsA in the gut wall and 

liver also reduced its bioavailability. Sandiummune Neoral® is a microemulsion based 
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formulation. It relatively improved bioavailability of CsA. Yet, research is proceeding to 

additionally manage its variable pharmacokinetics and bioavailability  (Ritschel, 1996).  

Literature showed that liposomes comprising of sodium deoxycholate demonstrates enhanced 

entrapment  of CsA to some extent and improved bioavailability in contrast to microemulsion 

and liposomal formulations (Guan et al., 2011). But liposomal formulations are expensive and 

its development methods are complicated. In this scenario, if we prepare niosomes of CsA the 

issues engaged with liposomes can be overwhelmed. The side effects will be reduced along 

with enhanced dissolution profile and bioavailability of CsA. The unfavourable 

pharmacokinetic, safety profile, low therapeutic index of CsA makes it, appropriate nominee 

for niosomal formulations. Due to sustain release behavior of niosomes patient compliance 

will also be improved. The cost of formulations of niosomes is also relatively low and 

development methods are easy and simple.  
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1.3. Aim and objectives  

The fundamental point of this study was to prepare and assess niosomes of an 

immunosuppressant drug i.e CsA. These niosomal formulations have improved 

bioavailability and solubility and have also a sustained release profile. 

     To achieve the above mentioned aim following objectives were made. 

a. To formulate niosomes of an immunosuppressant drug i.e CsA as model drug.  

b. To evaluate effect of different nonionic surfactants and Cho proportions in niosomes. 

c. To conduct the characterization of niosomes such as particle size, polydispersivity 

index and zeta potential, by using Malvern zetasizer.  

d. Morphology of the CsA loaded niosomes was studied by scanning electron microscopy 

(SEM), and transmission electron microscopy (TEM). 

e. To determine effects of cholesterol and nonionic surfactants on, entrapment of CsA and 

in vitro release of the niosomal vesicles. 

f. To study interactions between CsA and components of niosomes using ATR-FTIR. 

g. To evaluate physical state of CsA in niosomal formulations through thermal analysis. 

h. To develop HPLC method for measuring average drug content of CsA and validate it 

according to guidelines of ICH. 

i. To determine the stability of niosomal formulations of CsA on two distinctive temperatures 

i.e 4-8°C and 25°C. 

j. To determine the in vitro release of CsA by employing dialysis bag method. 

k. To evaluate and compare the plasma level profiles of selected niosomal formulations F2 

and F10 and aqueous CsA dispersions by in vivo studies on healthy albino rabbits. 

l. To determine and compare pharmacokinetics parameters of optimized formulations F2, 

F10 and plain aqueous CsA dispersion by using PK Solver software.   
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Chapter No 2 

2. Review of Literature 

2.1. Niosomes 

Niosomes are nanocarriers which are prepared by hydration of Cho and nonionic 

surfactants. Niosomal vesicles can be used for the encapsulation of lipophilic and 

hydrophilic active pharmaceutical ingredients. Niosomes can be unilamellar or 

multilamellar. They can deliver drug to target site (Marianecci et al., 2014a). In seventies 

niosomes were first prepared by cosmetic industry. From that point forward they have 

been utilized to improve the bioavailability of active pharmaceutical ingredients  

(Uchegbu & Vyas, 1998). Surfactants which are frequently used for formulation of 

niosomes are span 20, brij 35 and ploxamers etc (Geusens et al., 2011). 

2.1.1. Characteristics of niosomes  

Niosomes are like liposomes in respect of assembly and physical characteristics. But they 

have greater formation versatility, economical, stable and has easy production in contrast 

to liposomes. 

The niosomal formulations can alter the pharmacokinetics of encapsulated drugs. 

Niosomes are also suitable for delivery of active pharmaceutical ingredient to a specific 

organ or target (Abdelkader et al., 2014). Surfactants employed in preparation of 

niosomal vesicles are biodegradable and non-immunogenic. Niosomes can enhance 

bioavailability of BCS class-II drugs, which have low solubility (Kumar et al., 2013a). 

Niosomes can decrease unfavorable impacts of different active pharmaceutical 

ingredients having low therapeutic index (Schroeter et al., 2010). Niosomal vesicles 

release drug in a sustained manner. Niosomes is a water based formulation, so they have 

more compliance rate in patients, as compared to oily dosage forms (Nasir et al., 2012). 

2.2. Composition of niosomes 

Composition of niosomes includes cho, nonionic surfactants and charge inducing agent.  

2.2.1. Cholesterol (Cho) 

Physical characteristics and structure of niosomes are dependent on interaction of Cho 

with nonionic surfactants. On addition of 30-50 mol % of Cho many surfactants form 

vesicles. HLB value of surfactants and amount of Cho to be added are co related to each 

other. So as the HLB esteem increments over ten it is also needed to raise the 

concentration (Conc) of Cho. Conc of Cho in niosomes effect the mechanical strength of 
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bilayer and permeability of water. In the niosomes as the amount of Cho increases up to 

some extent the entrapment efficiency and hydrodynamic diameter also raised. But 

according to some scientist declining the molar ratio of Cho increases the drug 

entrapment. So we can say that role of Cho is controversial, and its amount is to be 

adjusted case to case, according to physical characteristics of nonionic surfactants and 

active pharmaceutical ingredient (Marianecci et al., 2013b). 

Actually after reaching certain Conc of Cho entrapment efficiency is declined may be due 

to a decline in volume diameter (CPP ˂ 0.05). Cho interacts with surfactants like span 60 

through hydrogen bonding in the bilayer of niosomes as shown in Figure No 2.1 (Kumar 

& Rajeshwarrao, 2011).  

 

Figure 2.1: Structural interaction between cholesterol and Span 60 (Kumar & 

Rajeshwarrao, 2011).  

. 

Cho is an amphiphlic molecule it orientates its aliphatic chain in the direction of 

surfactants hydrocarbon chain and OH group towards aqueous phase. Cho also prevents 

leakage of active pharmaceutical ingredient  (Sankhyan & Pawar, 2012). 

2.2.2. Nonionic surfactants 

In liposomes phospholipids are incorporated. While in niosomes non-ionic surfactants are 

employed which are chemically stable. Studies showed that amphiphiles other than 

natural phospholipids can form vesicles which are similar to liposomes.  The additional 

amphiphiles which can be used in preparation of vesicles include synthetic ionic and 
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nonionic surfactants saturated and unsaturated fatty acids.  The aims of vesicular system 

include slow release of drug resulting in sustained activity, reduced toxicity, targeting and 

modification of distribution profile of drugs (Vyas & Khar, 2013).  

In the hydrophilic heads of nonionic surfactants have no charge groups. In aqueous 

medium when nonionic surfactants are dispersed. The structures are formed in which 

hydrophobic tails are towards organic phase and hydrophilic heads are towards aqueous 

segment. This characteristic of surfactants helps in development of  vesicles (Moghassemi 

& Hadjizadeh, 2014). 

The commonly employed nonionic surfactants are as follows. 

2.2.2.1. Alkyl ethers 

They can be utilized to encapsulate peptides and proteins. It includes alkyl glycerol ethers 

and brij Surfactants. Alkyl glycerol ethers are used widely in vesicle forming. They are 

compatible with other surfactants, stable and nonirritant to skin. They are used in vesicle 

formation of sodium sitogluconate. Brij Surfactants (Polyoxyethlene alkyl ethers) are 

manufactured by the polyethoxylation of linear fatty alcohols. They contains  repeated 

units of oxyethylene (Mullen et al., 1998).  

 

Table 2.1: Characteristic features of polyoxyethylene alkyl ethers. 

 

Sr 

No 

Name Synonym Molecular weight HLB 

value 

1 Polyoxyethylene 4 lauryl ether Brij 30 Colorless to pale yellow liquid 9.7 

2 Polyoxyl (23) lauryl ether Brij 35 White waxy solid 16.9 

3 Polyoxyl 2 cetyl ether Brij 52 White waxy solid 5.3 

4 Polyoxyl 20 cetyl ether Brij 58 White solid 15.7 

5 Polyoxyl 2 stearyl ether Brij 72 White waxy solid 4.9 

6 Polyoxyl 2 oleyl ether Brij 92 
Pale yellow liquid 

4.9 

7 Polyoxyl 20 oleyl ether Brij 99 Cream soft waxy solid 15.3 
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Common Brij surfactants include polyoxyethylene 4 lauryl ether (Brij 30). Manconi et al 

formulate niosomes of by employing brij 30 with high entrapment efficiency. Brij 30 

forms large unilamellar vesicles (Manconi et al., 2002). Brij 35 (Polyoxyl (23) lauryl 

ether) is a nonionic polyoxyethylene surfactant that is most frequently used in various 

protein methods and in HPLC applications. It was used in proniosomal gel of flurbiprofen 

(Kumar, 2012). Polyoxyethylene cetyl ethers (Brij 58) is cetyl derivative of 

polyoxyethylene and has vesicle forming capability. Brij 72 and 76 have good 

appreciable vesicle forming properties. Multilamellar vesicles are prepared by Brij 72 

good entrapment efficacy. Vesicles formulated by Brij 72 entrap more finasteride then 

vesicles of Brij 76. This may be due to less HLB 4.9 in contrast to HLB of Brij 76 which 

is 12.4 (Kumar and Rajeshwarrao 2011). 

Alkyl ethers are used as solubilizing agents, emulsifying agent, penetration enhancer and 

wetting agent etc (Rowe et al., 2006). Brij Surfactants (Polyoxyethlene alkyl ethers) are 

used in cosmetics and topical formulations. In emulsions they act as emulsifying agents. 

They act as  solubilizing agents for drugs of low solubility like griseofulvin, 

chlordiazepoxide and cortisone acetate (Elworthy & Patel, 1982). Generally alkyl ethers 

are nontoxic and nonirritant, but some in high Conc may have greater irritant potential 

(Rowe et al., 2006). 

2.2.2.2. Alkyl ester 

They include polyoxyethylene fatty acid esters (Tweens) and sorbitan fatty acid esters 

(Spans). These are vastly utilized in food pharmaceutical formulations and cosmetics 

(Lawrence, 2003).   

Table 2.2: Characteristic features of polyoxyethylene fatty acid esters (Tweens). 

Sr No Name Synonym Formula 
Molecular 

weight 
HLB value 

1 Polysorbate 20 Tween 20 C58H114O26 1128 16.7 

2 Polysorbate 40 Tween 40 C62H122O26 1284 15.6 

3 Polysorbate 60 Tween 60 C64H126O26 1312 14.9 

4 Polysorbate 80 Tween 80 C64H124O26 1310 15.0 

 

Their functional category is wetting agent, dispersing agent, solubilizing mediator, 

suspending and emulsifying mediator. Polysorbates have a warm and bitter taste. They 

have a characteristic odor. Their yellow in color and oily liquid in physical form at 25°C. 
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Their storage for long time can result in development of peroxides, so they would be 

warehoused in cool and dry place in a container which is well closed and should be 

protected from light. 

In alkyl esters anhydrides of sorbitol and ethylene oxide are copolymerized. So the alkyl 

esters are mixture of molecules of different size instead of single uniform compound 

(Rowe et al., 2009). Polysorbates are widely utilized in pharmaceutical emulsions as 

emulsifying mediators for oil soluble vitamins and essential oils. They can also improve 

the  bioavailability of substrates of P- glycoproteins (Nerurkar et al., 1996). Polysorbates 

are utilized in pharmaceutical formulations & products of food. Normally they are non-

hazardous and nonirritant, but in few cases they may cause hypersensitivity reactions. An 

estimated safe daily consumption according to WHO protocol for polysorbates 20, 40, 60 

and 80 are up to 0.025 g/kg body weight (Rowe et al., 2009). 

Table 2.3: Characteristic features of Sorbitan esters or sorbitan fatty acid esters (Spans). 

Sr No Name Substitute Formula 
Molecular 

weight 
HLB value 

1 Sorbitan monolaurate Span 20 C18H34O6 346 8.6 

2 Sorbitan monopalmitate Span 40 C22H42O6 403 6.7 

3 Sorbitan monostearate Span 60 C24H46O6 431 4.7 

4 Sorbitan monooleate Span 80 C24H44O6 429 4.3 

 

The functional category of Sorbitan esters is solubilizing agent, dispersing mediator, 

wetting agent, nonionic surfactant, suspending agent and emulsifying agent. The color of 

sorbitan esters is cream to amber colored. They have distinct taste and odor. Sorbitan 

monooleate and Sorbitan monolaurate are viscid liquid and yellow in color. Sorbitan 

monopalmitate and Sorbitan monostearate is cream solid in appearance. 

Sorbitan esters are employed as lipophilic nonionic surfactants in cosmetics, 

pharmaceuticals and food products. They are employed in emulsions, creams and lotions 

in dermal preparations. They are also employed as self-emulsifying agent for poorly 

soluble drugs (Fatouros et al., 2007). 

Sorbitan esters are enormously used in pharmaceutical formulations they are normally 

non-hazardous and nonirritant. However occasionally they may cause skin reactions after 
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topical application. The WHO recommended its suitable daily intake at up to 0.025 g/kg 

body weight (Rowe et al., 2009). 

2.2.2.3. Pluronic class surfactants 

The pluronics are sequence of narrowly associated block copolymers of propylene & 

ethylene oxide. Typical poloxamer grades include 124, 188 and 237 etc. Poloxamers are 

waxy, free flowing and prilled granules, white in color. They are fragrance-free and 

distasteful. At room temperature they are colorless liquid. Their functional category is 

solubilizing , emulsifying & wetting agent. 

Poloxamers are employed as solubilizing mediators and emulsifying agents in 

pharmaceutical formulations. The polyoxypropylene part is hydrophobic while 

polyoxyethylene part is hydrophilic (Mata et al., 2005). Poloxamer 407 was used to make 

gel of meloxicam, which is then converted to niosomal gel. The study shows that 

therapeutic efficacy of meloxicam were superior in niosomal gel as compare to 

conventional gel (Muzzalupo & Tavano, 2015). Poloxamers are used in ointment, bases 

of suppositories and gels and as binding and coating agent in tablets. Poloxamer 188 is 

used as stool lubricant for the management of constipation. Poloxamers may also be used 

in the management of renal stones and as wound cleaning product. It may also be used in 

eye drops as wetting agent. They are nonirritant and non-hazardous material. In body 

poloxamers are not metabolized. Toxicity studies in animals exhibited it to be none 

irritating, when used in 5 & 10% w/v concentration on the gums, skin, and eyes. No 

serious adverse effects were observed when administered to rabbits up to 0.5g/kg/day. In 

humans 0.001-10% w/v poloxamer solutions cause no hemolysis for eighteen hours 

duration (Rowe et al., 2009). 

2.2.2.4. Alkyl amides 

Vesicles are found to be produced by alkyl glucosides and galactosides along with amino 

acid spacers. By and large alkyl groups in all vesicles forming amphiphiles comprise of 

completely or somewhat saturated C12 to C22 hydrocarbons. Amide complexes by using 

fluorocarbon chains are reported to form vesicles and disk shaped structures which could 

be used as drug carriers (Zarif et al., 1994). 
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2.2.3 Charged molecules 

They are employed to stabilize the niosomes. Dicetyl phosphate (DCP) and phosphatidic 

acid are negative charge inducers. HPC and stearylamine are positive charge inducing 

agents. They are used to prevent aggregation of niosomal vesciles. Their quantity used in 

formulations is 2.5-5 mol %. Zeta potential of 30 mV is generally requisite for stability, 

while between five to fifiteen mV indicates the inadequate flocculation and zeta potential 

between three to five mV indicates high flocculation. Charge inducing agents can also be 

used to formulate charged niosomes which are used for skin permeation enhancement (Hu 

& Rhodes, 1999; Marianecci et al., 2014a). 

2.3.  Some Technical aspects of niosomes  

Important technical aspects of niosomes are as follows. 

2.3.1. Hydrophilic lipophilic balance (HLB) 

It is measure of the balance to which surfactant is lipophilic or hydrophilic. HLB values 

help in selection of surfactants. HLB values also affect the entrapment efficiency of 

niosomal formulations. The range of HLB value is from 0 to 20 for nonionic amphiphiles.  

Less HLB value (<9) demonstrates lipophilic nature of surfactants, they are mostly 

soluble in oils. While high HLB value (>11) indicates hydrophilic nature of surfactants, 

they are mostly soluble in water. Generally anti foaming agents have HLB 1 to 3, wetting 

and spreading agents have HLB 7 to 9, water in oil emulsifier have HLB 3 to 6 and Oil in 

water emulsifier have HLB from 8 to 16 (Marwa et al., 2013; Royer et al., 2018). 

2.3.2. Critical Packing Parameter (CPP) 

It is related to geometry of the niosomal vesicles. The shapes of the nanostructures can be 

forecasted by CPP. It is based on the symmetry of the surfactants. So CPP predicts the 

vesicles establishing capability of surfactants (Uchegbu & Vyas, 1998). It is calculated by 

the equation given below. 

CPP =   𝑣 / lc × ao 

𝑣 = Volume of hydrophobic group  

lc = The critical length of hydrophobic group  

ao = Area of hydrophilic head group 

If CPP is ≤ 1/3 e.g small hydrophobic tail with bulky head group, leads to spherical 

nanospheres. If 1/3 ≤ CPP ≤ 1/2 leads to formation of vesicles which are not spherical and 

bilayer vesicles can form if 1/2 ≤ CPP ≤ 1. If CPP ≥ 1 then it results in inverted micelles. 
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So CPP helps in forecasting the structure and morphology of amphiphilic solutions (Ag 

Seleci et al., 2016). 

2.3.3. Gel-liquid transition temperature 

Preparation of niosomal vesicales and their size and structure is governed by the 

temperature of aqueous medium. It must be more than the gel to liquid temperature of 

phase transition. It also affects shape of niosomes. Encapsulation efficiency of niosomes 

also depends on transition temperature. (Biswal et al., 2008) 

Spans consist of esters of sorbitan along with fatty acids. As the length of the acyl chain 

raises their gel transition temperature also raises. Span 20 is liquid at 24 °C and has C9 

chain. Sorbitan monostearate has gel transition temperature of 56°C with C15 chain. 

Sorbitan monopalmitate has gel transition temperature of 46-47°C and C13 chain. (Kumar 

& Rajeshwarrao, 2011). 

2.4.  Methods of preparation  

Niosomes can be formulated by several procedures. Frequently used techniques are given 

below. 

2.4.1. Ether injection method   

In this procedure Cho, nonionic surfactants and charge inducing agents are mixed in 

organic solvents like methyl alcohol or chloroform etc. Then this solution is inoculated 

drop wise using 14 gauge needle into 20 ml of phosphate buffer saline containing drug. 

This is stirred by magnetic stirrer and retained at 60 °C for 45 to 60 minutes. Mixing was 

proceeded until all ether vaporizes. Vaporization of ether forms vesicles. Niosomes of 

rifampicin are prepared by ether injection method. Naproxen niosomes are also prepared 

by this method (Jain & Vyas, 1995; Sailaja & Shreya, 2018).  Large unilamellar vesicles 

are formed by this method. Main drawback of this procedure is that little amount of ether 

is mostly left in niosomal  suspensions, which is problematic to eliminate (Mehta et al., 

2013). 

2.4.2. Reverse phase evaporation method 

In this procedure surfactants & lipids are in different molar ratios were dissolved in 10-15 

ml chloroform / methanol assortment (2:1, v/v). Then the organic solvent was gradually 

evaporated by employing rotary evaporator at 60 °C. On the internal wall of flask a thin 

dry film was designed. The film was dissolved again in twelve ml ether. Then a solution 

comprising of drug in four ml acetone along with six ml PBS (pH 7.4) was incorporated. 

This blend was sonicated for two minutes. Then whirled by hand and sonicated another 

time for two minutes in a sonicator bath. To disrupt the gel formed, the dispersion formed 
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was rotary evaporated. Then ten ml PBS (pH 7.4) was incorporated. To remove remaining 

diethyl ether, rotary evaporation was continued for further 15 minutes. The niosomal 

vesicles were left at 4°C to mature overnight. Above mentioned steps may be conducted 

in aseptic conditions under laminar flow hood for sterility. Niosomes of acetazolamide 

are also prepared by this method (Guinedi et al., 2005). Niosomes of paclitaxel are also 

formulated by reverse phase evaporation procedure (Zarei et al., 2013). 

2.4.3. Thin-film hydration method (TFH) 

In this procedure nonionic surfactants and lipids are incorporated in an organic solvent 

like methyl alcohol or chloroform. In rotary evaporator under vacuum this solution is 

evaporated. A Thin film is designed on the wall of round bottom flask. The dried lipid 

film was hydrated usually with 20 ml PBS (pH 7.4) with mild spin in water bath at 60 °C 

for one hour. Then the niosomal formulation formed was stored at 4 °C overnight so that 

they get mature. Niosomes of etoricoxib were formulated by thin film hydration 

procedure (Ravalika & Sailaja, 2017). Niosomes of propranolol hydrochloride are also 

formulated by this method (Moghimipour et al., 2014). 

2.4.4. Microfluidization method   

Micro fluidization procedure is employed to make unilamellar vesicles. It is grounded on 

submerged jet principle.  This method has two fluidized streams unite at ultrahigh speeds, 

in properly organized minor scale channels with in the interaction compartment. The 

breach of thin liquid sheet along a common front is organized so that energy provided 

remains with in area of vesicles formulation. This procedure gives more output, niosomes 

of better shape and small size are produced (Tangri & Khurana, 2011). 

2.4.5. Supercritical carbon dioxide fluid (scCO2) 

In this method, Cho and nonionic surfactants added in PBS, are incorporated into view 

cell. Then carbon dioxide is introduced in to the view cell. Temperature of cell is raised to 

sixty degree centigrade. In view cell pressure is maintained at two hundred bar. The 

system is stirred magnetically for thirty minutes until equilibrium is achieved. At that 

time pressure is released and finally  vesicles are achieved (Manosroi et al., 2008). 

2.4.6. The bubble method 

This is method of one step provision of niosomal vesicles lacking the usage of organic 

diluents. Its apparatus consist of round bottom flask having triple necks. It is placed in 

water bath to regulate the temperature. In the 1st and 2nd neck cool water reflux and 

thermometer is placed and from 3rd third neck stream of nitrogen comes. Lipids and 

nonionic surfactants are distributed together in buffer (PH 7.4) at seventy degree 
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centigrade. The dispersion was mixed for fifteen seconds with high shear homogenizer 

and instantly “bubbled” at seventy degree centigrade by means of nitrogen (Chandu et al., 

2012). 

2.4.7. Sonication 

The drug solution, surfactants, cholesterol and buffer is sonicated. For sonication titanium 

probe sonicator is used at 60 °C for three minutes to form vesicles. By using this 

procedure small unilamellar vesicles are formulated from large multilamellar vesicles, 

which are prepared by other procedures. 

2.4.8.Trans membrane pH gradient 

Lipids & surfactants are mixed in organic solvent and vaporized in vacuum. So thin film 

is formed on the wall of flask. This film was hydrated by citric acid. Multilamellar 

niosomes are produced. These vesicles are freeze thawed thrice followed by sonication. In 

it aqueous solution with active pharmaceutical ingredient is incorporated and vortexed. 

The pH is raised up to 7.0-7.2 with 1M solution of disodium phosphate. The assortment is 

then heated at sixty 60°C for ten minutes to finalize the niosomal vesicles (Sankhyan & 

Pawar, 2012; Singh, 2013). 

2.4.9. Proniosome technology 

It contains manufacture of precursors of niosomal vesicles. Proniosomes can be made by 

coacervation phase separation or by method of slow spray-coating. Then these 

proniosomes are hydrated by mixing with water and it gives a useful vesicle delivery 

concept. Proniosomes have ability of drug delivery through different routes (Sankar et al., 

2010). Proniosomes technique is employed for formulation of niosomes comprising of 

beclometasone dipropionate (Elhissi et al., 2013) and valsartan etc (Gurrapu et al., 2012).  

2.5. Purification of niosomes  

In niosmal formulations mostly the complete drug is not encapsulated. So it is required to 

remove un encapsulated drug. Common methods to remove unentrapped drug are as 

follows. 
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2.5.1. Dialysis method 

It involves diffusion and osmosis of solutes and fluid transversely a semi permeable 

membrane. This method is widely used by scientist for separation of niosomes. The 

niosomal vesicles are poured into dialysis bag.  Then the free active pharmaceutical 

ingredient is dialyzed against PBS. 

2.5.2. Gel filtration 

Gel filtration technique can be used to separate the niosomes on sephadexzG75 orzG50 or 

sephadex G25. It is a popular technique that gives high yield of niosomes (Marianecci et 

al., 2014a). 

2.5.3. Ultracentrifugation  

Centrifugation and ultracentrifugation techniques are widely used to separate niosomes. 

Centrifugation process is used to eliminate the genetic material which is not entrapped in 

niosomes. Niosomes of nystatin were separated by ultracentrifugation done at 4°C (El-

Ridy et al., 2011).  

2.6. Applications of niosomes in drug delivery and targeting 

Niosomes are capable to deliver many drugs and diagnostic agents. By using niosomal 

formulation physico-chemical parameters of drug and targeting can be influenced. To 

explain niosomes pharmacological and diagnostic significance, the information available 

in literature is summarized below. 

2.6.1. Oral delivery 

The favorite & easy route of administration for large number of active pharmaceutical 

ingredients is oral route. But in this route majority of drugs face bioavailability problems due 

to reduced solubility and little dissolution rate along with erratic absorption. Many 

techniques and novel delivery techniques are adopted to enhance the dissolution behavior of 

insoluble drugs e.g microencapsulation, spray drying, nano fibers, liposomes, solid lipid 

nanoparticle, complexation and inclusion of surfactants (Marianecci et al., 2014a). Niosomal 

vesicles can enhance the stability of active pharmaceutical ingredient in gastrointestinal tract. 

The niosomes of paclitaxel along with span 40 increase its stability in gastrointestinal tract 

(Bayindir & Yuksel, 2010). Niosomes of ganciclovir along with Sorbitan monopalmitate, 

Sorbitan monostearate and Cho were used in a in vivo evaluation in rats. Theses niosomes 

shows five times high bioavailability of the active pharmaceutical ingredient drug as 

compared to tablets (Akhter et al., 2012). 
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In type II diabetes metformin is given as first line remedy, but it has many side effects 

like gastric discomfort, allergic reactions lactic acidosis and chest pain etc. Its niosmal 

formulation along with Sorbitan monopalmitate, Sorbitan monostearate  and Cho showed 

high entrapment efficacy and prolonged release of active pharmaceutical ingredient  

which can result in improvement of drug efficacy (Sankhyan & Pawar, 2013). 

Oxcarbazepine niosomes were prepared to improve its anti convulsant activity. It’s in 

vivo evaluation in albino wistar rats shows rise in mean residence time and sustain release 

properties (Sakthivel et al., 2013). Niosomal vesicles of lornoxicam were formulated by 

using Sorbitan monostearate and Cho. Their in vitro study showed that these niosomes 

can deliver constant and extended release of lornoxicam. Such sustained activity might 

result in lessening of adverse effects of lornoxicam associated with frequent 

administration (Bini et al., 2012). 

Proniosomes are waterless preparation formed by appropriate carrier coated with nonionic 

surfactants. On hydration they can be transformed to niosomal vesicles. Proniosomes 

stabilize delivery system of drugs without disturbing their characteristics. Proniosomes 

celecoxib along with span 60 and Cho showed good results on human volunteers. Its 

mean relative bioavailability was greater as compare to conventional capsules (Nasr, 

2010). Proniosomes of valsartan also shows increased bioavailability in ex-vivo 

evaluation on intestine of rats. So proniosomes can be used to increase oral delivery of 

valsartan (Gurrapu et al., 2012). 

Niosomes also stabilizes the therapeutic peptides in the gastrointestinal area. In vitro 

evaluation by yoshida et al shows that niosomes increase the stability of vasopressin in 

intestine (Yoshida et al., 1992). Mannosylated vesicles were employed as carriers of 

Deoxyribo nucleic acid vaccine, which result in initiation of immunity. Sorbitan 

monostearate and lipids were employed in preparation, and then coated by an amended 

polysaccharide ᴏ-palmitoyl mannan (OPM). It protects niosomes from bile salt which 

initiated enzymatic degradation & dissolution in gastro intestinal tract. It also enhances its 

attraction in the direction of antigen presenting cells of peyer’s patches. This research  

shows the ability of OPM coated vesicles as vaccine carrier of  DNA also it can be 

employed  for immunization by oral route (Jain et al., 2005). 

2.6.2 Parenteral delivery 

The parenteral rout is very efficient and fast rout of administration of pharmaceutical 

substances, but it require frequent injections. Niosomes provide targeted drug delivery 

and delayed release of active pharmaceutical ingredient in controlled manner through 
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parenteral route. These qualities help to solve the issue of parenteral drug delivery 

particularly for drugs of less bioavailability and narrow therapeutic index. 

Nano-Niosomes of acyclovir were developed by using span 20 and Cho by Mukherjee et 

al. It’s in vitro evaluation demonstrate that nano-niosomes could sustain release the drug 

by increasing the residence time, so dose related systemic toxicity of acyclovir can be 

reduced by these nano-niosomes. Their stability was also better as compare to liposomes 

(Mukherjee et al., 2007) 

Nystatin is antifungal drug used since 1950s. It was encapsulated in niosomes, which can 

be administered parenterally. Vesicles of nystatin were formulated by employing 

cholesterol span 40 and 60 etc. Neutral and positively charged niosomes gives the 

maximum entrapment and slow delayed release behaviour. In vivo evaluation of nystatin 

vesicles reduce the hepatotoxicity and nephrotoxicity and increased level of active 

pharmaceutical ingredient in vital organs. So niosomes of nystatin can be administered 

parenterally, with reduced side effects and makes nystatin a more active antifungal drug 

(El-Ridy et al., 2011). 

Cisplatin niosomes were formulated by Cho and span 40, later they were lyophilized. 

They were studied in rabbits having VX2 tumor. The rabbits injected locally with 

cisplatin niosomes gives significantly good outcomes of reducing the growth of tumor as 

compare with the drug solution. So these may be used as valuable anticancer formulation 

with less toxicity (Yang et al., 2013). The vesicles which are pH sensitive were prepared 

by derivative of cholesterol i.e cholesteryl hemisuccinate and nonionic surfactants. The 

result of DSC showed that the melting peak of drug is disappeared which exhibit that 

drug is encapsulated in niosomes. The in vitro study shows that these niosomes are 

significantly pH sensitive. In in vivo study the pH sensitive vesicles exhibited a greater 

tumor targeted effect along with less damage to organism as compare to drug solution and 

simple niosomes (Wang et al., 2012). Nonionic surfactant vesicles are also used in 

injectable vaccine formulations. Niosomes are potent adjuvants to stimulate immunity 

cause low toxicity and have good stability (Brewer & Alexander, 1992). In mice 

defensive immunity to genital herpes infection can be induce by using niosomes having 

either polylysine reach peptides or recombinant of glycoprotein B of type 1 herpes 

simplex virus (Cortesi et al., 2013). 

Various techniques and ligands used to change surface of niosomes are comparable to 

those which are employed in liposomal preparations. Niosomes conjugated with glucose 

derivative 5 are used for brain targeted delivery system for anti-cancer drug doxorubicin. 
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In in vivo study these niosomes showed good delivery of doxorubicin to brain, reduced 

accumulation of doxorubicin in heart and extended circulation in blood as compared to 

commercial formulation of doxorubicin when administered intravenously to rats 

(Bragagni et al., 2012). More research is continued to develop a ligand mediated 

niosomes for targeted drug delivery system.  

2.6.3. Pulmonary delivery 

For local treatment and systemic therapies, lungs have been considered an effective route 

in the last few decades. Niosomes is efficient approach for targeting of active 

pharmaceutical ingredient and for the enhancement of passage of drug from the barrier of 

mucus and hence increased intracellular uptake. The previous research reports that 

niosomal vesicles can be used for aerosol administration which has ability to reach lower 

airways and has prolonged release with fewer side effects. Liposomes are also used for 

aerosol formulations but it has certain problems e.g storage stability which is associated 

to oxidation process, and outflow of entrapped active pharmaceutical ingredient. 

Synthetic phospholipids used in liposomes are also expensive and natural phospholipids 

present inconstant purity. So niosomes is an alternative to liposomes which is economical 

and more stable. So non-ionic surfactants like polysorbate 20 could be employed for 

delivery of glucocorticoids to lungs, for local inhalation and systemic management of 

pulmonary inflammations e.g fibrosis of lungs, chronic diseases of lungs and  asthma. 

(Marianecci et al., 2010). 

In severe infection, inflammatory disease and cancer of lungs the importance of 

pulmonary administration increases. Similarly in disease of bronchial mucus 

hypersecretion it is required that corticosteroids reach the receptors in cytoplasm of 

bronchial epithelial cells, which is only possible through pulmonary delivery. Niosomes 

can be used to overcome this problem, vesicles which consist of Cho, bilayers of 

surfactants encompassing aqueous phase are very important as they have many 

advantages like chemical stability, lower cost as compare to liposomes etc. 

Beclomethasone dipropionate was entrapped in niosomes and it was determined in vitro 

with simulated mucus by employing diffusion experiments. It was found that this novel 

approaches has an improved penetration from mucus layer. So they can be utilized to cure 

obstructive pulmonary illnesses and in other lung diseases (Terzano et al., 2005). 

To cure the leishmanial and fungal infection amphotericin B is used, but it cause 

nephrotoxicity. Liposomes of amphotericin B are very expensive and also require 
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parenteral administration. In this scenario niosomes are very important as they have 

minimal toxicity and enhanced efficacy. So treatment with aerosolized amphotericin B 

niosomes results in greater levels of drug in lungs & skin, pulmonary and hepatic delivery 

of amphotericin B also increases, with minimal toxic effects (Alsaadi et al., 2012). 

Niosomal formulations of ciprofloxacin HCL were formed using sorbitan monostearate, 

polysorbate 60 and Cho. It has enhanced entrapment and stability and has nebulization 

efficiency of about 77.9 ± 2.8. These niosomes showed less cytotoxicity in contrast to free 

drug. So it was established that niosomes can be employed as important transporter of 

ciprofloxacin to lungs (Moazeni et al., 2010). 

Nonionic surfactant vesicles (niosomes) of rifampicin were prepared by using span 85 

having diameter of 8-15µm. In vitro release of drug shows its better bioavailability. In 

vivo studies shows that these niosomes localized 65% of the active pharmaceutical 

ingredient in lungs by controlling size of vesicles (Jain & Vyas, 1995). 

2.6.4. Dermal and transdermalzdelivery 

For treatment of skin diseases drugs are applied directly on skin. By using this method 

greater Conc of drug is confined at the spot of therapeutic action, its absorption in blood 

is less so systemic adverse effects are reduced. In this method first pass effect is avoided, 

drug drug interaction and drug food interactions are reduced. Low penetration rate of drug 

is main disadvantage of transdermal drug delivery (Marianecci et al., 2013c). Niosomes 

enhance the permeation of drugs and also has uninterrupted fusion of vesicles with 

subcutaneous layer which cause increased penetration of drugs from niosomes. Niosomes 

has delayed release of drugs, increased stability of drugs and has capability to transport 

both lipophilic and hydrophilic active pharmaceutical ingredients (Marianecci et al., 

2013b). 

Antibacterial agent enoxacin is encapsulated in niosomes and liposomes for topical 

application, and it shows good skin permeation. In vitro study on mouse shows that 

liposomes and niosomal formulation also reserve a large volume of enoxacin in skin. 

These formulations have high penetration and uninterrupted fusion of vesicles with 

stratum corneum which increase the penetration of enoxacin in skin. But formulations of 

niosomes shows greater stability as compare to liposomes, also niosomes are more 

economical (Fang et al., 2001). 

Niosomes of tretinoin were formulated from Cho and sorbitan esters etc. In vitro 

evaluation of niosomes was done by employing franz diffusion cells and it shows a faster 
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drug release as compare to tretinoin solution (Manconi et al., 2002). Niosomal and solid 

dispersion gels of ketoprofen were prepared to enhance its transdermal delivery. These 

gels were produced by utilizing hydroxyl propyl methyl cellulose, methyl cellulose and 

carboxy methyl cellulose, along with penetration enhancers like polysorbate 80 and oleic 

acid. In vitro release studies were done and result shows that permeation of ketoprofen 

from niosomal gel was highly prolonged, dissolution is enhanced and skin permeability 

was increased as compare to conventional gel (Ahmed et al., 2013). 

Niosomes of meloxicam were prepared to enhance its skin delivery. Meloxicam has many 

side effects when administered orally. So these niosomal vesicles were formulated from 

Sorbitan monostearate and Cho in 6:4 molar ratio. When these niosomes were tested on 

animals it showed marked inhibition of edema in animals as compare to free meloxicam and 

piroxicam gels. It was also concluded that vesicle size and Cho content are inversely 

proportional and niosomes are  promising vehicle for transdermal provision of meloxicam 

(El-Menshawe & Hussein, 2013). 

Niosomes of ibuprofen were prepared by using tween 20 and span 60 having hydrophilic 

lipophilic balance values 16.7 and 4.7 respectively. Cho & cholesteryl hemisuccinate 

were also added as pH sensitive moiety. After in vivo study on hairless rat skin it was 

found that topical delivery of ibuprofen was more effective by niosomes of span 60 as 

compare to niosomes of tween 20. This conduct is may be due to reduced lipophilic 

nature of the tween 20 (HLB=16.7) which makes it problematic for the niosomes to 

penetrate in the skin (Carafa et al., 2009). 

Vinpocetine is a less soluble derivative of vincamine. It is employed for the management 

of cerebral degenerative diseases. In the ischemic patients it also enhances the cerebral 

flow with cerebrovascular sickness. Currently available vinpocetine oral formulations 

have less bioavailability as it exhibits vigorous first pass effect and its absorption is less. 

So a unique delayed release proniosomes were planned by employing sugar esters as 

nonionic surfactant. On topical application by skin water hydration, these pro niosomes 

were transformed to niosomes. As compare to oral tablets, the absorption of vinpocetine 

from proniosomes was higher. So proniosmes might be an auspicious delivery system for 

vinpocetine (El-Laithy et al., 2011). 

The niosomal gel of lopinavir and ethosomal gel formulations was compared. The results 

showed improved profile of niosomes as compare to ethosomes of lopinavir. In vivo 

bioavailability evaluation in male wistar rats exhibited increased level of absorption of 
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lopinavir via transdermally as compare with its oral suspension. So it was concluded that 

niosomal gels have great potential as novel delivery system for delivery of lopinavir 

transdermally (Patel et al., 2012). 

For topical delivery of vaccines, Maheshwari et al formulate niosomal vesicles by 

employing surface protein of hepatitis B as antigen and cholera toxin B as adjuvant. 

Results showed that administration of hepatitis antigen by utilizing niosomal vesicles, 

showed efficient stimulation of serum immune response. So these niosomal vesicles can 

be employed for transport of vaccines topically (Maheshwari et al., 2011). 

2.6.5. Ocular delivery 

Eye is very important part of human body. For ocular drug delivery we have to overcome 

several physiological and anatomical barriers. Research is going on to use bioadhesive 

carriers to pass these barriers. The reasons for low bioavailability of active 

pharmaceutical ingredients from ocular dosage form are due to impenetrability of corneal 

epithelium and production of tears. To cure various ocular problems primitive ophthalmic 

solution, ointments and suspension are not enough. So research is going on to use novel  

delivery methods like niosomes, liposomes and microemulsions  to improve the ocular 

delivery of drugs (Kaur et al., 2004). 

To decrease the cardiovascular and other adverse effects of timolol maleate its niosomes 

were prepared which are coated by chitosan and carbopol. It’s in vitro evaluation and 

intra ocular pressure reducing effect was checked in albino rabbits. The results were 

matched to a commercial timolol in situ gel. Niosomal formulation shows a sustained 

effect upto eight hours with lesser systemic side effects which indicates that niosomal 

formulation is significantly better (Aggarwal & Kaur, 2005). Niosomes increase the 

bioavailability and low corneal penetration by conventional ophthalmic vehicles. 

Niosomal vesicles of acetazolamide were prepared by using sorbitan monopalmitate, 

sorbitan monostearate and Cho. The intraocular pressure reducing effect of acetazolamide 

niosomes was measured in rabbits. Results showed that multilamellar acetazolamide 

niosomes are more effective and exhibited sustained reduction in intra ocular pressure as 

compare to plain niosomal vesicles and solution of drug (Guinedi et al., 2005). 

The niosomes of antibiotic gentamicin sulphate were prepared for ophthalmic delivery in 

controlled manner. The surfactants utilized were brij 35, tween 60 and tween 80. In vitro 

evaluation demonstrated that niosomes exhibit high retention of gentamicin sulphate, and 
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in vitro release was delayed in contrast to drug solution. So niosomal formulation of 

gentamycin are better than simple drug solution (Abdelbary & El-gendy, 2008). 

Niosomes of naltrexone hydrochloride were prepared by Sorbitan monostearate. In vitro 

evaluation of these vesicles exhibited that release of naltrexone hydrochloride was 

significantly controlled. Ex vivo transcorneal permeation studies demonstrated that niosomal 

vesicles can control naltrexone permeation and improve its corneal penetrability. These 

niosomes are also found practically nonirritant (Abdelkader et al., 2011). Proniosomes 

derived niosomes are used for topical ophthalmic transport of tacrolimus. These proniosomes 

contains Cho, poloxamer 188, and lecithin. The in vitro studies of niosomes showed that 

drug retention was higher as compared to commercial ointments (Li et al., 2014). 

Niosomal formulations having ethanol and small amount of Cho can be an effective 

ocular delivery technique for hydrophilic and hydrophobic active pharmaceutical 

ingredients. Novel nano- sized elastic niosomes (ethoniosmes) of prednisolone sodium 

phosphate were prepared by utilizing span 60 and lipids by thin film hydration method. 

These niosomes show good bioavailability as compare to solution and suspension eye 

drops of prednisolone. The time requisite for curing of severe ocular inflammation 

induced by clove oil was decreased to half with these niosomes. Also the intraocular 

elevation side effect was meaningfully decreased than that of conventional solution and 

suspension eye drops (Gaafar et al., 2014). 

2.6.6. Gene delivery 

To treat various inherited or acquired disease research is continue on gene therapies or by 

using genetic material. Many investigators suggest gene therapy as therapy of 21st 

century. Many barriers decrease the effective transport or manifestation of genetic 

material into cells of our body. Various delivery methods were established to upsurge the 

efficiency of cellular uptake and biodistribution of genetic materials. Cationic niosomes 

are used as non-viral transporters for oligonucleotide and plasmid provision. Nonionic 

surfactants like spans and tweens are employed as adjuvants for the preparation of carriers 

of gene which are lipid based. Tweens have an dynamic part in biological assimilation 

along with DNA hence it promotes expression of genes (Marianecci et al., 2014a). 

To enhance the cellular delivery and stability of oligonucleotides, modified cationic 

niosomes of polyethylene glycol (PEG) can be employed. PEG-modification 

meaningfully decreases the binding of serum proteins. It also prevents aggregation of 
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particles in serum. The loaded nuclear acid drug showed enhances resistance to nucleases 

of serum. In contrast to cationic vesicles the PEGylated niosomal vesicles exhibited a 

enhanced efficiency of oligonucleotide cellular uptake in serum. In vivo evaluation 

revealed that PEGylated cationic niosomal vesicles are auspicious delivery system for 

enhanced  oligonucleotide potency, they are also economical (Huang et al., 2008). 

The major cause of vitiligo is the disturbances in the synthesis of tyrosinase. Niosomes 

were prepared by tween 61 and cholesterol. The thin lipid film was dissolved in refined 

water to gain non-elastic vesicles and if the thin lipid film was dissolved in 25% ethanol 

elastic cationic niosomal vesicles are achieved. It was determined that loading of plasmid 

in non-elastic and elastic niosomes was 0.130 and 0.1 mg per sixteen mg of the 

ingredients of niosomes respectively. The plasmid loaded elastic cationic niosomal 

vesicles provides enhanced specific tyrosinase activity in contrast to plasmid loaded non-

elastic cationic vesicles and free plasmids. (Khositsuntiwong et al., 2012). 

2.6.7. Diagnostics theranostics 

Niosomes has emerged to increase the delivery of imaging agents for lymphomas. It was 

found that grouping of glucose conjugates and PEG on the surface of vesicles  

meaningfully enhance targeting of tumor cells of an captured paramagnetic agents 

evaluated with nuclear magnetic resonance imaging in cancer cells (Luciani et al., 2004). 

Tavano et al (2013) encapsulated doxorubicin into magneto-niosomal vesicles to 

determine its physicochemical characteristics and in vitro evaluation. Polysorbate 60 and 

pluronic L64 were employed as nonionic surfactants. Entrapment efficiency of 

Doxorubicin was influenced by configuration of lamellar membranes. Morphology of 

niosomes was not influenced by loading of magnetic ferrofluid. This is because of 

adequate affinity among drug and magnetic material. These niosomes could be a efficient 

functionalized materials for magnetically controlled therapy of cancerous diseases 

(Tavano et al., 2013). 

Niosomes loaded with magnetic nanoparticles (MNPs) were developed by Marianecci et 

al (2013). Vesicles were evaluated for time stability, iron contents dimensions and bilayer 

features. It was found useful in development of appropriate theranostic approaches. The 

studied vesicular formulations suggested the significance of surfactant physicochemical 

properties in trapping the MNPs of different polar nature, due to their flexibility of 
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niosomal bilayer and morphological structure. These characteristic makes them very 

attractive among drug delivery systems (Marianecci et al., 2013a). 

2.6.8. Natural products delivery 

Natural products are used to cure diseases since ancient times. They have still great 

importance due to less cost and less side effects. Scientist are investigating new plant 

products as it is more beneficial and economical, as compare to expensive new discovery 

of active pharmaceutical ingredients. Niosomal vesicles can be employed to transform the 

pharmacokinetics of plant products and to achieve targeted delivery. The niosomes of 

Ginkgo biloba extract (GbE) were formulated by polysorbate 80, sorbitan monooleate and 

cholesterol by film dispersion homogenization method. The suspension of GbE niosomes 

was freeze dried to enhance the stability of vesicles. In spray drying procedure drug 

entrapment was 77.5% and in freeze drying process was 50.1%. The in vitro evaluation 

showed that GbE vesicles can prolong the release of flavonoid glycosides for up to 48 

hours in PBS (pH 6.8). The in vivo investigation demonstrated that the flavonoid 

glycoside content in the brain, kidney, lungs and blood of rats cured by GbE niosomes 

was larger than in rats, to whom oral GbE tablets were given. Glycosides of flavonoid 

were not identified in tissues of brain in rats which are given GbE tablets orally, but it 

was found in tissues of brain in rats, to whom niosomal vesicles of GbE were given. So it 

was concluded that for the delivery of Ginkgo biloba extract niosomes are promising oral 

system (Jin et al., 2013). 

Ellagic acid is a strong antioxidant but its solubility and permeability are low. It niosomal 

vesicles were formulated along with sorbitan monostearate and polysorbate 60 for 

transdermal provision. In vivo evaluation showed niosomes of ellagic acid were effective 

in the transport of ellagic acid through human epidermis in contrast to ellagic aids plain 

solutions. So the outcomes indicated that the sorbitan monostearate and polysorbate 60  

vesicles  are possible carrier of ellagic acid for skin delivery (Junyaprasert et al., 2012). 

Liquorice extracts are used in dermatitis, eczema and psoriasis. Niosomes of 

monoammonium glycyrrhizinate were formulated by Cho, polysorbate 20 & cholesteryl 

hemisuccinate. In vivo study showed that these niosomes reduced edema and nociceptive 

response when linked with simple ammonium glycyrrhizinate and empty nonionic 

surfactant vesicles. So these neutral niosomes showed increased antinociceptive and anti-
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inflammatory response in contrast to ammonium glycyrrhizinate (Marianecci et al., 

2014b). 

Curcumin is the active ingredient of spice turmeric, it has been employed as herbal 

remedy since ancient times. Proniosomes is effective vesicle delivery technique. It has 

capability to transport active pharmaceutical ingredient through transdermal route. 

Proniosomal gel formulations were formulated by polysorbate 20, sorbitan monostearate, 

sorbitan monooleate and cholesterol by ether injection method. The effect of these 

formulations were studied for chronic inflammation in complete freuds adjuvant 

prompted arthritis in rats and for acute inflammation in carrageenan prompted edema of 

rat paw. The results showed that curcumin loaded proniosomal formula was nonirritant, 

nontoxic and similar effect like indomethacin. (Kumar & Rai, 2012). 

Silymarin is extract of seeds of Silybum marianum. It is employed in the cure of hepatic 

and gallbladder problems since more than 2000 years. Niosomes of silymarin were 

formulated with sorbitan monopalmitate, sorbitan monostearate and Cho. The selected 

formulations of niosomes were studied for their hepatoprotective effects against oxidative 

stress induced by carbon tetrachloride in albino rats. Liver function tests were employed 

to determine the degree of liver protection. Niosomal formulation of silymarine gives a 

marked reduction in serum alkaline phosphatase (SALP) level and transaminase levels as 

compared to silymarin suspension. Furthermore these niosomes were found to be 

harmless as per histopathological investigations (El-Ridy et al., 2012). 

2.7. Immunosuppressant drugs 

For defense against harmful foreign molecules our body has dynamic immune system. 

But sometimes these defense mechanisms organize problems instead of becoming 

beneficial, for example autoimmune disorders, hypersensitivity responses, and refusal of 

transplanted organ or tissues. Immunosuppressants are very important in handling of such 

ailments. In advance medical sciences replacement of tissues and organs like bone 

marrow, kidney or heart are frequently done. Latest pharmaceuticals are now developed 

which only prevents rejection of transplanted tissues whereas avoiding the patient 

becoming weak immunologically. Now a days main target of immunosuppressive drugs is 

to modify lymphocyte function by employing medications or antibodies against proteins 

of immune system. To minimize toxicities combination of immunosuppressive agents in 

low dose are used in treatment. Immunosuppressive treatment generally comprise of two 
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to four drugs with dissimilar mechanisms of action that interrupt various levels of 

activation of T cells. The activation of immune system comprises of three signal model.   

Signal 1 comprises of T-cell stimulation at receptor of CD3 by an antigen.  

Signal 2 is also known as costimulation. It happens when CD86 and CD80 on the surface 

of APCs occupy CD28 on T cells. Signal 1 and 2 trigger many intracellular signal 

transduction passageways. One is calcium-calcineurin pathway, cyclosporine and 

tacrolimus target this pathway. These pathways activate the fabrication of cytokines 

which arezinterleukin (IL)-2, IL-15, CD 25 and CD 154. IL-2 then binds to CD 25 on the 

surface of other T-cells to stimulate mammalian target of rapamycin (mTOR), given that 

signal 3. Signal 3 is the inducement for T-cell production (Goral, 2011). 

Immunosuppressive agents are generally classified into four major groups. 

2.7.1. Selective inhibitors of cytokines 

The important drugs included in this group are tacrolimus, cyclosporine and sirolimus. 

Cytokines are signaling proteins and nonspecific antigen. They fix to receptors on surface 

of cells. These cytokines stimulate the cytotoxic T lymphocytes and macrophages. 

Immunosuppressive agents inhibit the immunity and decrease the immune response 

which results in decrease graft rejection. For example cyclosporine and tacrolimus 

interferes with the production and activity of interleukins which result in supersession of 

immune response. Sirolimus decrease the immune response by inhibiting the cellular 

response to IL-2 (Hardinger et al., 2017). 

2.7.2. Immunosuppressive antimetabolites 

The drugs in this group are azathioprine, mycophenolate mofetil and mycophenolate 

sodium. The drugs in this group are mostly used along with calcineurin inhibitors like 

tacrolimus and cyclosporine or they are used with corticosteroids. The drugs in this group 

inhibit purine synthesis thus inhibit immune system. Azathioprine is prodrug, it is first 

transformed to 6-mercaptopurine (6-MP) and then to thioinosinic acid. This nucleotide 

produces the immunosuppressant effect by inhibiting purine synthesis. Similarly 

mycophenolate mofetil is hydrolyzed in gastro intestinal tract to mycophenolic salt, which 

is strong, revocable uncompetitive inhibitor of guanosine phosphate. So like 6-MP it 

divests the speedily flourishing T and B cells of a vital constituent of nucleic acids which 

result in suppression of immune system (Molina-Ruiz & Mazaira-Fernández, 2012).  
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2.7.3. Antibodies 

In this group the main drugs are alemtuzumab, antithymocyte globulins, basiliximab, 

daclizumab and muromonab. In the thymus, thymocytes are established and function as T 

cell precursor. The antibodies established in contradiction of them are organized by 

human lymphoid cells by immunization of human lymphoid cells or big rabbits. They are 

mostly used along with additional immunosuppressant drugs. They can also be employed 

to cure corticosteroids resistant acute rejection or severe rejection events. The antibodies 

attach on the superficial layer of flowing T lymphocytes, which then endures 

opsonization, apoptosis complement mediated devastation and antibody dependent 

cytotoxicity. The cells attach to antibody are phagocytosed in liver and spleen which 

outcomes in lymphopenia and impaired T-cell reactions which result in suppression of 

immune system. 

Muromonab-CD3 is a murine monoclonal antibody, when it binds to T-lymphocytes it 

blocks its recognition site and disrupts its function. Circulating T cells are depleted and its 

immune response is decreased. Basiliximab and daclizumab are IL-2- receptor 

antagonists. These two are used to avoid acute refusal in kidney transplants in 

combination with corticosteroids and CsA, but not useful in the cure of ongoing rejection 

(Shao et al., 2017). 

2.7.4. Corticosteroids 

Corticosteroids are the oldest pharmacological agents to be used for immunosuppression 

both in autoimmune disorders and transplantation. Common corticosteroids are 

prednisone or methylprednisolone. They are used to defeat chronic graft versus host 

disease and in acute rejection of solid organ allografts. They are also used in other 

autoimmune conditions like refractory rheumatoid arthritis and asthma. They affect the T 

lymphocytes and they reduce lymphocyte populations by lysis or redistribution. 

Corticosteroids have many adverse effects like diabetogenic, they could lead to 

osteoporosis, hypertension hypercholesterolemia and cataracts on use for long time. So it 

is tried to reduce it use as much as possible in maintenance of allografts (Finkel et al., 

2009b; Trevor et al., 2010). 
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Among all the immunosuppressant drugs CsA has unique importance. We select CsA as a 

model drug. Limited information is found for encapsulation of CsA in niosomes using 

nonionic surfactants, so in our study we focus on niosomal formulation of CsA.  

2.8. Cyclosporine A profile 

2.8.1. History of cyclosporine A 

In immunopharmacology discovery of CsA commenced a new age in 1971. In start it was 

studied as an anti-fungal agent. As it has narrow spectrum so clinically it failed to exhibit 

any importance. Later in 1976 J.F. Borel discovered its immunosuppressive effects. Its 

medical use was started in 1983. Cyclosporine has three nonproprietary names 

a. Cyclosporine: This name was allocated by the adopted names council of United 

States. 

b. Cyclosporin: (without terminal ʻeʼ) is defined in British Pharmacopoeia (BP) as a 

British approved name (BAN). 

c. Ciclosporin: European union legislation necessitating harmonization of the BP 

with the European pharmacopoeia (EP) gives the term ciclosporin in UK. This is 

given by World health organization (WHO) and is an International nonproprietary 

name (INN) (Upton, 2001). 

2.8.2. Synthesis 

In 1984 synthetic cyclosporine was produced. Then it was possible to chemically modify 

it in every possible way. However none of its derivative has been found to have greater 

potency or decreased side effects than cyclosporine itself also known as CsA.  

 

Figure 2.2: Scanning electron micrograph of cyclosporine A crystals in purest form 

(Upton, 2001). 
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After ingestion CsA is extensively metabolized in human and animals. Its metabolites are 

cyclosporine B, C, D, E, F and G etc. But all these have less immunosuppressant activity 

as compare to CsA and are also associated with greater kidney toxicity (Wang et al., 

1989). CsA is most important active pharmaceutical ingredient from the family of 

hydrophobic cyclic undecapeptides. It is immunosuppressive agent and is also 

antirheumatic drug. It is therapeutically employed for the inhibition of rejection of bone 

marrow, liver, kidney or heart allografts (Czogalla, 2009). 

2.8.3. Molecular formula 

Molecular formula of CsA is C62H111N11O12.  

2.8.4. Structural formula 

CsA is acyclic peptide and has the following chemical structure (Blanda et al., 2018). 

 

 

 

 

Figure 2.3: Structure of Cyclosporine A 
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2.8.5. Molecular weight 

Molecular weight of CsA is 1202.6 g. 

2.8.6. Description 

CsA is a white powder of finely crystalline in nature. 

2.8.7. Melting point 

Melting point of CsA is 148-151 ° C. 

2.8.8. Solubility   

CsA is insoluble in aqueous medium, it has aqueous solubility of 40 µg / ml at 25 °C. 

Usually it is soluble in organic solvents and lipids. In alcohol its solubility is more than 

80,000 µg / ml at 25 °C. It is also solvable in ether, dichloromethane, acetone, 

chloroform, and in methyl alcohol. It is soluble in saturated hydrocarbons to some extent. 

2.8.9. Storage  

As a dry powder it is stored in 2-8 °C in dark (Czogalla, 2009). 

 2.8.10. Biopharmaceutics classification system (BCS) 

Biopharmaceutically CsA comes in class II. It has high permeability and less solubility 

(Yang, 2010). 

2.8.11. Mechanism of action 

CsA inhibits T-cell function by attaching to immunophilins. Immunophilins are 

cytoplasmic proteins which are important to cytokines and in T-cell receptor activation. 

CsA fixes to cyclophilin and form complex which obstruct cytoplasmic phosphatase 

which is calcineurin. Calcineurin controls the capability of the T cells to translocate to the 

nucleus and enhance the fabrication of important cytokines like IFN- γ, IL-2 & 3. In 

reaction to T-cell receptor activation cyclophilin inhibit the improved production of 

cytokines (Trevor et al., 2010). Some latest studies shows that CsA also inhibit the 

stimulation of p38 and JNK signaling which are activated by antigen recognition, which 

makes CsA an inhibitor of  T cell activation which is also highly specific (Matsuda & 

Koyasu, 2000). 

2.8.12. Pharmacokinetics 

CsA as unchanged drug is responsible for immunosuppressive activity, its certain 

metabolites (e.g., AM1, AM9, AM4N) also contribute some part of this 

immunosuppression. Dissemination of CsA into red blood cells is reliant on concentration 

of drug and temperature. Patient’s lipoprotein concentration and hematocrit may also 

effects the plasma Conc of drug. When the same dose is administered, blood 

concentration of CsA is higher than plasma concentration as the drug is distributed into 
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erythrocytes. To determine biologic fluid CsA concentration both High pressure liquid 

chromatography (HPLC) and Radio immune assay (RIA) methods are used.  

2.8.12.1. Absorption 

The absorption of CsA is variable after oral administration and is incompletely absorbed. 

The absorption depends on transplant type, individual patient, post transplantation time, 

gastro intestinal condition (e.g reduced by diarrhea) and the type of preparation 

administered.  Absorption of CsA is also erratic during long term therapy and in patients 

of hepatic allograft. 

Peak plasma and blood CsA concentration occur at about 2 to 3.5 hours following oral 

administration of formulations of drug. After oral administration the CsA is metabolized 

on first pass by liver. Oral bioavailability of CsA averages about 30% among different 

allograft recipients. It also shows considerable inter individual variation ranging from 2-

89 %. In one study 600 mg dose of CsA was administered orally as a conventional 

solution. It gives peak plasma concentration of 540 ng / ml in three to four hours and its 

range is 240-1250 ng/ml. Its mean absolute bioavailability was about 30%. In renal 

transplant patients after oral administration of modified formulation peak blood 

concentration of CsA occurs from 1.5 - 2 hours. 

AUC and peak blood Conc of CsA achieved after administration of the modified oral 

preparation is decreased by foodstuff. When the oral formulation of Neoral was 

administered after half an hour consumption of high fat meal the AUC and peak blood 

concentration of CsA was decreased by 15 and 26 % respectively. Another study shows 

the AUC and peak blood Conc of CsA is decreased by 13 and 33 % respectively with 

high fat meal (e.g 669 calories, 45 gm of fat).  

In hepatic transplant patients 2-8 years of age being treated with Neoral given orally at a 

dosage of 101 mg (5.95 mg/kg) in three divided doses. The peak blood Conc of CsA was 

629 ng/mL as determined by RIA and AUC over one dosing interval was 2163 ng•h/mL. 

Organ rejection occurs less frequently when trough blood Conc of the drug was greater 

than 100 ng / ml. If trough serum Conc is reported to be more than 500 ng/ml it may 

induce nephrotoxicity (Büchler et al., 2005; McEvoy, 2016).  

2.8.12.2. Distribution 

CsA is enormously distributed into tissues and body fluids and outside the blood volume. 

After administration of single 600 mg dose orally in with average hepatic and renal 

function the apparent volume of distribution is thirteen L/kg. Subsequently CsA given 
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through IV route in solid organ allograft recipients the volume of distribution (Vss) is 3-5 

L/kg. About 90-98% of CsA in plasma is protein bound, mainly to lipoproteins (85-90%). 

In blood the distribution of drug is dose dependent. 41-58% into erythrocytes, 4-9% into 

lymphocytes, 33-47% of drug is distributed into plasma and 4-12% into granulocytes. 

In animals and humans CsA crosses the placenta. In renal transplant patients who 

received 0.450 gm of drug in a day throughout the pregnancy. At 36 weeks the drug was 

not present in amniotic fluid. Anyhow cord blood and maternal Conc at delivery were 

0.054 and 0.086   mg/L respectively. In milk CsA is also disseminated. In a patient who 

received 0.450 gm of the drug in a day during gestation. The Conc of drug in milk was 

0.101, 0.109, and 0.236 mg/L on the 2nd, 3rd and 4th days of the postpartum period 

respectively. Animal studies showed that CsA is disseminated in milk up to 2% of dose 

given in maternal subject.  

2.8.12.3. Metabolism 

In liver CsA is metabolized extensively through enzyme system of cytochrome P-450 by 

isoenzyme CYP3A. It is also metabolized in kidney and gastro intestinal tract to about 

thirty metabolites which were detected in urine, bile, blood and feces. As compare to 

parent drug the pharmacologic and toxicological activity of these metabolites is less. 

After administration of CsA orally, it experiences vigorous first pass metabolism. Several 

metabolic routes are involved in its metabolism. Conjugation of metabolites or hydrolysis 

of the cyclic peptide chain does not appear to be an important pathway for CsA 

metabolism. Oxidation of CsA at its 1-λ, 4-N-desmethylated and 9- γ positions yield 

major metabolites known as AM1 (M17), AM4N (M21) and AM9 (M1) respectively. In 

patients of renal transplant the ratio of AUC at steady state for AM1 and AM9 to that of 

CsA did not differ between conventional oral formulation and the modified oral 

formulations (Akagi et al., 1991). 

2.8.12.4. Excretion 

In normal adults the half-life of initial phase (t1/2α) is 1.2 hours and half-life in terminal 

elimination phase (t1/2β) has averaged 8.4-27 hours. CsA clearance from blood after IV 

administration is about 5-7 mL/minute per kg as determined with data using HPLC from 

hepatic or renal transplant patients. In infants the clearance of drug is may be several 

folds higher and in older children clearance is twice as high as that in adults. Cardiac 
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transplant patients show slightly slower CsA clearance. Average clearance of CsA from 

blood is 10.6 mL/minute per kg in a research on patients of kidney transplant. According 

to research on kidney relocate patients of age 2-16 years the range of clearance of CsA is 

9.8 -15.5 mL/minute per kg. CsA is mostly excreted via bile mainly in metabolites form. 

About 6% of dose of drug was excreted in urine and 0.1% excreted unchanged. 

2.8.13. Therapeutic uses 

CsA is immunosuppressive agent and is also disease modifying antirheumatic drug. It is 

used to avert refusal of liver, renal, heart allografts & bone marrow allotransplantation. 

CsA is sometimes employed along with corticosteroid therapy for improved results. It is 

also used to treat chronic allograft rejection in patients not responding to other 

immunosuppressant drugs e.g azathioprine. In rheumatoid arthritis CsA is also used. It 

may be used alone or in combination of methotrexate. It is used in patients who are not 

responding well to NSAIDs and other disease modifying antirheumatic drugs (DMARDs) 

e.g gold compounds and penicillamine etc. CsA is one of important DMARDs that can be 

used when it is appropriate. CsA is also used in immunocompetent patients with severe 

recalcitrant plaque psoriasis who are non-responsive to systemic therapy (e.g 

methotrexate and retinoids). It is also used in patients for whom other medicines are 

contraindicated. On stopping therapy with CsA results in relapse of psoriasis, but rebound 

occurs rarely. CsA has also give good results in the handling of refractory inflammatory, 

fistulizing and chronically active crohn’s disease. CsA can also be used to treat condition 

having immunological basis. It has also used to treat pancreatic or corneal allograft 

rejection (McEvoy, 2016). 

CsA has also ophthalmic use. It is used to treat keratoconjunctivitis sicca (dry eyes). It 

increases the tear production. It is also used to prevent corneal graft rejection (Ames & 

Galor, 2015). 

2.8.14. Dosage and administration 

 CsA is administered orally as nonmodified (conventional) or modified formulations. It 

can also be administered intravenously. In organ transplantation in mature and children of 

over three months dose is 10-15 mg/kg 4-12 hours, if use alone prior to transplantation. 

Then 10-15mg/kg dose per day for 1-2 weeks which is then decreased slowly to 2-6 

mg/kg per day. The dose may be accustomed accordingly to CsA Conc in plasma and 

kidney function. Dosage may also be reduced if corticosteroids are given in combination. 

If required one third dosage may be given intravenously for 2-6 hours. In bone marrow 
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transplantation dose is 3-5 mg /kg per day for three months. Intravenous route may be 

used 2-6 hours prior to transplantation and for two weeks after operation. In nephrotic 

syndrome 5 mg/kg by mouth is given in two divided dose. The dose of CsA is 2.5 mg/kg 

daily in two separated doses for rheumatoid arthritis. The dose can be raised up to 4 

mg/kg per day if required. Dosage can be adjusted after three to six months according to 

response. In children under 18 year of age it is not recommended. For severe psoriasis 

and severe eczema CsA can be used. Its usual dose is 2.5 mg/kg daily in two separated 

doses for 2 weeks. If initial effective result not comes the dosage can be raised up to 5 

mg/kg. Intravenously it can be given in glucose 5% or sodium chloride 0.9%. Dose of 50 

mg can be diluted up to 20-100 ml. Intermittent infusion can be given up to 2-6 hours 

(Association & Britain, 2009). 

Common brands CsA common brand in Pakistan is Sandimmun Neoral®. Its capsule 

liquid filled for emulsion (modified) is available in strength of 25, 50 and 100 mg. For 

parenteral use injections are also available in strength 50 mg/mL (McEvoy, 2016). Eye 

drops of CsA 0.05% are also available with the brand name of Ropsol® and Cylor® etc 

(Erum et al., 2017). 

2.8.15. Adverse effects 

It includes tremor, paranesthesia, headache, hirsutism and gum hyperplasia. The major 

complications include hepatotoxicity, nephrotoxicity, neurotoxicity and hypertension etc. 

Erythromycin, clarithromycin, ketoconazole, itraconazole, diltiazem oral contraceptives 

and grape fruit juice are common drugs that raise CsA levels and result in toxic effects. 

Patients should be observed for liver function tests and blood counts regularly. CsA 

facilitates the development of malignant lesions in dermis. Skin cancer risk is mainly 

owing to reduced immune surveillance and human papilloma virus infection (Walker, 

2007). 

Many adverse effects depend on dose, so it is essential to check blood levels of the CsA. 

Kidney function is monitored to check nephrotoxicity. Reduction of CsA dosage results 

in reversal of nephrotoxicity in several cases. But in 15% patients it may be irreversible. 

Concomitant administration of drugs that cause kidney dysfunction like aminoglycosides, 

diclofenac and naproxen can increase the nephrotoxicity. Infections are also common in 

patients receiving CsA, viral diseases due to cytomegalovirus and herpes group are also 

common. On parenteral administration anaphylactic reaction can also occur. Other toxic 

effects comprise of hyperkalemia (so in these patients potassium sparing diuretics should 
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not be recommended) glucose intolerance, hyperlipidemia  and gum hyperplasia etc 

(Finkel et al., 2009a). 

 2.8.16. Drug drug interactions 

CsA interacts with many drugs, which may cause reduction in CsA levels causing an 

increased risk of rejection or elevation in CsA level which may cause toxicity. For 

example phenytoin, phenobarbital, carbamazepine, rifampicin and isoniazid are hepatic 

enzyme inducers and may cause reduction in CsA serum levels. 

Erythromycin, corticosteroids, ketoconazole, Iitraconazole, oral contraceptives and 

calcium channel blockers are hepatic enzyme inhibitors and they may cause increase CsA 

level. NSAIDs, aminoglycosides, amphotericin, ciprofloxacin and co-trimoxazole 

increase the nephrotoxic effect of CsA.  

Grape fruit juice increases the Conc of CsA in blood, so it should be circumvented for 

about an hour before dosage. This effect is may be due to reduction of metabolism of CsA 

as grape fruit juice inhibits the enzyme system in gut wall. 

2.9. Delivery of CsA using different drug delivery systems.  

Food and drug administration approve CsA in November 1983. It was then available for 

oral and intravenous administration. Sandoz now Novartis market CsA under brand name 

Sandimmune® in 1983. In 1990 its soft gelatin capsules were introduced (Singh & 

Narsipur, 2011). 

2.9.1. Oral solutions 

CsA has poor water solubility so extensive research was done on it using several 

solubilizing agents. In start CsA solutions in polyethylene glycol and miglycol 812 (a 

synthetic neutral oil) were developed but its oral bioavailability was unsatisfactory. 

Similarly it was tried to make self-emulsifying system by using emulsifiers like 

ethoxylated sorbitan oleate or soya lecithin but results were not satisfactory. Olive oil 

gives better result, and a study in dogs showed that one third of dose of solution in olive 

oil or labrafil M 1944 CS was bioavailable. As many patients are unable to drink olive oil 

Sandoz tried to develop a product that would form oil in water emulsion when added to 

another liquid such as orange juice or milk etc. In this regard good results were obtained 

with the mixture of labrafil M 1944 CS, olive oil (or maize oil) and ethanol. Solution 

prepared by these oils can be diluted with aqueous solutions as required forming a stable 

emulsion. Efforts were made to mask the oily taste by using flavoring agents but were not 

successful. The commercially available solutions were clear yellow and oily. 
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Due to the physicochemical properties of CsA, for intravenous dosage form require the 

addition of substance to make the drug soluble. The goal was to develop a product that 

contained 50 mg/ml CsA. Initially the dose was given in animal as an emulsion or in a 

solution containing alcohol, cremophor RH 40 and labrafil M 1944 CS. Micelle forming 

surfactants were used to solubilize CsA and as cremophor EL was less toxic it was 

selected as surfactant for CsA. Each ml of intravenous formulation contains 50 mg CsA, 

650 mg cremophor EL, and 32.9% alcohol (by volume). This is diluted further in normal 

saline or 5 % dextrose, total parentral nutrition or lipid emulsion solution. In these 

diluents it is stable for 72 hours.  

As compare to oral solutions soft gelatin capsule gives better compliance in patients. So 

Sandoz develop soft gelatin capsules of CsA. Each capsule has glycerol, gelatin, corn oil, 

labrafil M 2125 CS and alcohol 12.7% by volume, red iron oxide, sorbitol, titanium 

dioxide and other ingredients. Aluminum blister packs were used to prevent evaporation 

of alcohol. When soft gelatin capsules were compared with oral solution. It was found 

patient prefer to take soft gelatin capsule as compare to oral solution which has oily taste. 

Studies also showed that soft gelatin capsule and oral solution are bioequivalent (Yee, 

1991). 

2.9.2. Microemulsion 

In 1995 U.S Food and drug administration approve Neoral® (microemulsion of CsA) to 

avoid rejection of bone marrow, liver and kidney transplant. Sandoz was developed 

Neoral and it is new preparation of CsA. It was grounded on technology of 

microemulsion and it gives increased absorption of medicine. This microemulsion 

preconcentrate was established to solve the issues of low and irregular absorption of CsA. 

This microemulsion preparation is very beneficial in patients who demonstrate low 

absorption of CsA from the standard oral preparation, in renal or hepatic relocate patients 

along with cholestasis or biliary diversion. CsA microemulsion are economical than the 

previous standard formulation (Coukell & Plosker, 1998; Noble & Markham, 1995). In a 

study by elder et al, the efficacy and pharmacokinetic profiles of two oral formulations of 

CsA sandimmune® and neoral® were compared in 37 patients of severe plaque psoriasis 

in a double blind, modified, randomized study. In this cross over analysis the relative oral 

bioavailability of CsA from neoral® was 54% higher as compare to sandimmune® (Elder 

et al., 1995).   
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2.9.3. Liposomes 

For aerosol delivery CsA liposomes can be used by jet nebulizers. It can deliver drug to 

lungs and alveolar macrophages directly. Its advantage includes aqueous compatibility, 

localized and sustained pulmonary release of drug. A concentrated preparation having 5 

mg CsA, 37.5 mg dilauroyl phosphatidylcoline per ml was nebulized with an Aerotech II 

nebulizer which generates an aerosol particle size distribution of 1.7 µm. So in this 

method less dose is required as compare to dose administered through oral or intravenous 

route, systemic toxicity is less and immunosuppressive activity remains for more time. So 

the importance of aerosol delivery of CsA is increasing (Waldrep et al., 1998). 

Liposomes which have sodium deoxycholate (bile salt) can be used to increase the 

bioavailability of CsA orally, which is poorly water soluble. Thin film procedure was 

employed. The entrapment of CsA was 95% with small leakage of CsA in the formulation 

procedure. From these liposomes in vitro release of CsA was less than five percent after 

12 hours. The outcomes of pharmacokinetic analysis in rats exhibited that liposomes 

having sodium deoxycholate are better than the sandimmune neoral® and conventional 

liposomes, in enhancing the bioavailability of CsA orally. The improved bioavailability 

of CsA was due to expedited absorption of liposomes having sodium deoxycholate.  

(Guan et al., 2011). 

2.9.4. Solid lipid nanoparticle (SLNs) 

SLNs of CsA were formulated by using glyceryl palmitostearate (GPS) and glyceryl 

monostearate (GMS) by high pressure homogenizer and melt homogenization. The 

average particle size of selected batches of GMS SLN and GPS SLN were established to 

be 0.131 µm and 0.158 µm and percentage entrapment were 83% and 97% respectively. 

GPS was considered better carrier for CsA due to high entrapment efficiency. So these 

CsA loaded SLNs can be employed to enhance bioavailability of CsA and it has also 

sustained release effect (Sawant et al., 2008). 

2.9.5. Ophthalmic preparations 

Solid lipid nanoparticles (SLNs) of CsA were prepared for ophthalmic use. These SLNs 

of CsA were formulated by high shear homogenization procedure afterwards ultrasonic 

procedure was done. In the formulation poloxamer 188, polysorbate 80 and compritol 888 

ATO were used. The CsA quantity was taken persistent at 0.05% in the entire dispersion. 
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The authors conclude that topical corneal effectiveness of active pharmaceutical 

ingredient can be enhanced by SLN technique, as SLN gives reasonable therapeutic levels 

of drug in aqueous humor of rabbit eyes. In vivo evaluation in rabbits exhibited that 

nanoparticle method is extremely auspicious in the ophthalmic delivery of drugs as 

compare to conventional drug delivery system (Gokce et al., 2009). 

CsA is lipophilic in nature and has anti-inflammatory effects. So CsA can be employed to 

cure dry eyes topically, it is accessible in the form of eye drops containing oil based 

surfactant. Surfactant can result in blurred vision. So scientists tried to prepare eye drops 

without surfactants having aqueous 0.05% (w/v) CsA. In which the CsA is existing in 

aqueous vehicle comprising of CsA / cyclodextrin (CsA/CD) nanoparticle. αCD has the 

greatest solubilizing and it increase the solubility of CsA above 0.05%  on adding of 5% 

(w/v)zαCD. γCD has good capability of forming nanoparticles and has encouraging 

profile of toxicology. So 07 eye drop preparations were evaluated. All have 0.05% (w/v) 

CsA along with benzalkonium chloride, polyvinyl alcohol and disodium edetate and 

different amount of CD. The formulation containing mixture of γCD and αCD shows 

good results. In this formulation Conc of αCD was at least 3% (w/v). αCD solubilize the 

CsA and γCD increase the formation of nanoparticles. The size of aggregate was suitable 

for eye drop preparation and also full fill the requirements of semi-solid eye preparation 

(Johannsdottir et al., 2015). 

Nanomicellar solution of CsA was developed for ocular delivery at anterior and posterior 

sides. To entrap CsA with in nanomicelles, a blend of octoxynol 40 and hydrogenated 

castor oil 40 was formulated. For in vivo study albino rabbits were used with topical 

instillation of eye drops. CsA loaded nanomicelles has size of 22.4 nm. Studies of CsA 

distribution in ocular tissue showed good CsA Conc in retina /choroid and anterior ocular 

tissues. So it was concluded that polymeric blend is harmless transporter for posterior and 

anterior tissues of eyes. So aqueous nanomicellar solutions can be used for ocular 

inflammation and keratoconjunctivitis sicca (Cholkar et al., 2015). 

2.9.6. Dermal preparations 

In some skin diseases like psoriasis, alopecia aerate and atopic dermatitis CsA can be 

used, but its poor absorption in skin cause problem. So amorphous nanoparticle 

suspension of CsA is formulated to increase skin penetration. The suspension has 5 % of 

CsA in water, vitamin E polyethylene glycol succinate is used to stabilize it. This 
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suspension is stable at room temperature for twelve months. It is an improved preparation 

for dermal delivery of CsA as exhibited by skin penetration data from tape stripping. At 

tape numeral thirty the breached quantity of CsA from nanoparticle was 6.3 times more as 

compared to simple drug powder. So it is look feasible that by amorphous CsA 

nanoparticle dermal formulation can be made to achieve improved dermal CsA delivery 

(Romero et al., 2016). 

For the treatment of chronic plaque psoriasis liposomal nanocarriers (lipogel) was 

prepared. It was prepared by phosphatidyl choline by thin film technique. The study 

showed that clinical efficacy of liposomal gel was better than CsA assimilated in simple 

cream. This lipogel result in uniform decrease of plaque promotion and did not develop 

hot spots (Kumar et al., 2016). 

2.9.7. Pulmonary delivery of Cyclosporine A  

In a research dry powder inhalers (DPIs) of CsA were formulated. These DPIs showed 

good aerosol dispersion performance, respirable fraction, fine particle fraction and high 

drug value in emitted dose. For direct delivery of CsA to the lungs, DPIs are employed as 

targeted transport method. Inhaled particles having range of size from 0.40 μm to 5 μm 

can competently reach the deep lung regions and smaller airways. Novel DPIs consist of 

nanoparticulate dry powders of dipalmitoylphosphatidylcholine DPPC / poly (ethylene 

glycol) (PEG)ylated phospholipid systems. The result showed that the DPI aerosol 

delivery systems have the capability to markedly decrease the adverse effects related to 

the systemic administration of CsA, and it also enhances the margin of safety, improved 

outcomes of patients and in lung transplant patients it also enhance the excellence of life 

(Wu et al., 2013). 

In a study to formulate porous mannitol transporters that combined CsA nanoparticles 

(NPs) for pulmonary delivery, ultrasonic spray-freeze-drying method was used. Two 

nanosuspension maintenance arrangements were studied first was a combination of 

lactose and lecithin system and second was a D-α-tocopheryl (TPGS) 

system. Formulations stabilized by TPGS delivered a improved uniformity of dose, and it 

gives better results as compare to lecithin. The authors conclude that CsA nanoparticles 

were effectively assimilated into the porous mannitol and it showed enhanced dissolution 

profiles and good aerosol performance (Leung et al., 2017). 
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2.10. Niosomes of Immunosuppressant drug (Cyclosporine A) 

Niosomes improves the solubility of drugs and in past several studies are available for 

improving solubility and dissolution profile of drugs. Niosomes have greater stability and 

easy to store and handle. Niosomal vesicles are belief to decrease the adverse effects of 

the drugs and they have greater formulation versatility. Niosomes of nystatin were 

prepared for parenteral administration which increase its bioavailability and reduces its 

toxicity, and they exert less nephrotoxicity and hepatotoxicity when tested in vivo (El-

Ridy et al., 2011). So it is expected that niosomal formulation of CsA will also reduce its 

side effects like nephrotoxicity. In the light of advantages of niosomal formulations 

explained above, lot of research work is in progress on niosomes, to enhance the system 

of drug delivery. Especially it can decrease the disadvantages associated with liposomes. 

Niosomes are also economical and have greater versatility (Marianecci et al., 2013b). 

Limited information is found for encapsulation of CsA in niosomes using nonionic 

surfactants, so in our study we focus on niosomal formulation of CsA. 
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Chapter No 3 

3. MATERIALS AND METHODS 

3.1. Materials 

i) Polysorbate 60 (Tween 60), Polysorbate 80 (Tween 80), Sorbitan monostearate (Span 

60), Sorbitone monooleate (Span 80) and Sorbitan monododecanoate (span 20) were 

procured from Daejung, Chemicals & Metals Co., Ltd, Korea. 

ii) Cyclosporine A (CsA) was acquired from Xi’an Lyphar & Biotech Co., Ltd, China.  

iii) Polyoxyl (23) lauryl ether (Brij 35) was acquired from Avonchem Ltd, Macclesfield 

Cheshire SK116PJ, United Kingdom.  

iv) Chloroform and methyl alcohol were procured from Daejung Chemicals & Metals 

Co., Ltd, Korea.  

v) Cholesterol, and 1-hexadecyl pyridinium chloride (HPC) were procured from Alfa 

Aesar GmbH & Co. KG, Germany.  

vi) Phosphate buffered saline tablets were acquired from Oxoid Ltd, England.  

vii) In the research lab, by utilizing distillation apparatus fresh distilled water was 

prepared. All the materials utilized in study are of analytical grade.  

3.1.a. Equipments  

Following are the equipments employed in the formulation and evaluation of niosomes of 

CsA. 

Table 3.1:  Equipments details that were used in the formulation and evaluation of 

niosomal vesicles of CsA. 

 
Sr. No. Equipment name Source 

01 Analytical balance AR2140 Ohaus Adventurer USA  

02 Aluminum hot plate stirrer, Multiple positions  Velp Scientifica, China Shanghai 

03 pH meter  inoLab® pH7110, Germany 

04 Mortar and pestle China lab 

05 Rotary evaporator Stuart RE300 United Kindgom 

06 Water bath  Memmert, Germany 

07 Mini Vortex Mixer i Swix Jr VT Neuation technologies, India. 

08 High speed microcetrifuge D3024R DLAB Scientific Co., Ltd. 

09 UV spectrophotometer, CE 7400S Cecil Instruments limited, UK. 

10 Agilent 1200 series HPLC system Progressive Avenue, San Diego 

11 Nicolet 6700 FTIR Spectrometer Thermo Scientific, USA 

12 Stability chamber Climatic lab, China 

13 TA Instruments SDT-Q600 Simultaneous TGA / DSC Artisan technology group USA 
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3.2. Methods 

The methods involved in niosomal formulation and its characterization are as follows. 

3.2.1. Preparation of niosomal Formulation 

The Niosomal vesicles of CsA were formulated along with nonionic amphiphiles and 

cholesterol by employing thin film hydration technique. The composition of different 

niosomal formulations F1, F2, F3, F4, F5, F6 and F7, F8, F9, F10, F11 are given in table 3.1 

and 3.2 respectively. The amount of CsA taken in each formulation was 25 mg which is 

equivalent to 21 µmoles. Briefly 500 µmol of nonionic surfactants / Cho in different 

molar ratios as given in table 3.2 and 3.3 were mixed in 15 ml organic mixture of 

chloroform / methanol (2:1). Then it was evaporated in rotary evaporator at 58°C, until 

thin film was formed on wall of round bottom flask. This thin film was then hydrated for 

one hour with 20 ml of PBS (pH 7.4) in water bath at 60°C, with slight stirring. Finally 

the formulations were refrigerated at 4-8°C overnight, for maturation of niosomal 

vesicles.  

 

Table 3.2: Composition of formulations of niosomes F1 - F6 based on tween 60, span 60, 

tween 80 and span 80. 

Sr 

No 

Code of 

Formulation  

Molar ratio 

(Surfactant : 

Cho) 

Surfactants (mg) Cho 

(mg) 

Amount of 

drug (mg) Tween 60 Span 60 

1 F1 7:3 229 75.36 57.99 25 

2 F2 6:4 196.35 64.59 77.33 25 

3 F3 5:5 163.62 53.83 96.66 25 

   Tween 80 Span 80   

4 F4 7:3 229.25 75 57.99 25 

5 F5 6:4 196.50 64.29 77.33 25 

6 F6 5:5 163.75 53.57 96.66 25 

 

Table 3.3: Composition of niosomal formulations F7-F11 based on span 20, span 60 and 

brij 35.  

Sr 

No 

Formulation 

Code 

Molar ratio 

(Surfactant : 

Cho) 

Surfactant (mg) Cho 

(mg) 

Amount of 

drug (mg) 
Name  Quantity 

1 F7 1:1 Span 20 86.61 96.66 25 

2 F8 1:1 Brij 35 299.88 96.66 25 

3 F9 1:1 Span 60 107.65 96.66 25 

   Surfactants (mg)   

   Span 20 Brij 35   

4 F10 1:1 43.31 149.94 96.66 25 

   Span 60 Brij 35   

5 F11 1:1 53.83 149.94 96.66 25 
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3.2.2. Physical Mixtures  

For the preparation of physical mixtures equimolar quantities of CsA, Cho and nonionic 

surfactants were mixed in a pestle mortar. Physical mixture 1 (PM1) was prepared by 

tween 60, span 60, Cho and CsA, and physical mixture 2 (PM2) was prepared by span 80, 

tween 80, Cho and CsA in ratio (1:1:1:1).  

Similarly physical mixture 3 (PM3) was prepared by span 20, brij 35, Cho and CsA, and 

physical mixture 4 (PM4) was prepared by span 60, brij 35, Cho and CsA in ratio 

(1:1:1:1). 

1. PM1:         (1:1:1:1)        CsA + Tween 60 + Span 60 + Cho 

2. PM2:         (1:1:1:1)        CsA + Tween 80 + Span 80 + Cho 

3. PM3:         (1:1:1:1)         CsA + Span 20 + Brij 35 + Cho 

4. PM4:         (1:1:1:1)         CsA + Span 60 + Brij 35 + Cho 

In mortar the constituents were mixed by pestle for about 15 minutes to prepare a 

homogenous physical mixture.  

3.2.3. Interaction studies by Attenuated total reflectance –Fourier transforms 

infrared (ATR FTIR) technique. 

ATR-FTIR was employed to determine the compatibility of the CsA and other 

constituents of niosomal formulation. The spectra of CsA, cho, non-ionic surfactants, 

niosomal formulations and physical mixtures were determined from ATR-FTIR (Thermo 

nicolet 6700, USA).  

For scanning pike single bounce ATR procedure was employed. Solid samples like CsA 

and cholesterol etc were placed on ATR cell and then directly measured, and for liquids 

samples like niosomal formulations, sample was poured on the small crystal spot and 

lever.  To avoid vaporization concave surface is positioned over it. (Khan et al., 2015a; 

Ravalika & Sailaja, 2017). 

3.2.4. Vesicle size and zeta potential 

The size, polydispersity index and zeta potential of niosomal vesicals were evaluated by 

utilizing zetasizer (Malvern zetasizer version 7.11, UK). The niosomal formulation (50 

micro liters) was diluted with 10 ml double distilled water for analysis. All readings were 

taken thrice and then mean value was determined. 

3.2.5. Study of morphology of niosomes  

Scanning electron microscope was employed to evaluate the morphology of niosomes. A 

drop of optimized niosomal formulations (F2 and F10) were taken and put on aluminum 

stub with adhesive sliver tape. Under vacuum aluminum stubs were stored overnight. 
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Then by using gold film of thickness 0.20 µm sputter coated. At suitable magnification 

photographs were taken (Bansal et al., 2013; Khan et al., 2015b). The finally selected best 

formulation (F10) was also studied using transmission, electron microscopy (TEM). The 

samples were prepared for TEM by placing minute quantity of formulation on carbon-

coated 200-mesh copper grid. Then this was conserved horizontally for sixty seconds. Then 

for staining one drop of 2% uranyl acetate was incorporated on the sample. Then it was 

imaged by employing TEM (Jeol JEM-1010, Jeol ltd, Japan) operating at an accelerated 

voltage input of eighty kV. Energy-dispersive X-ray analysis (EDX) of selected niosomal 

formulation (F10) was done for elemental analysis. In this study the standard used were 

CaCO3 (C), SiO2 (O), Albite (Na) and KCl (Cl) (Fay et al., 2005).  

3.2.6. Drug entrapment studies. 

To determine the entrapment efficiency of vesicles, ultracentrifugation of niosomal 

preparations was done at 12000 × g for thirty minutes at 4 °C. The supernatant was 

separated. Then niosomal vesicles were disrupted by using methanol (Barakat et al., 

2014).  The quantity of CsA in niosomal preparations was evaluated by High pressure 

liquid chromatography (HPLC) technique. Mobile phase was filtered by employing 0.45-

µm membrane filter. The samples were filtered by employing syringe filter of nylon. The 

flow rate was 1.0 ml/min. At 210 nm effluents were examined (Malaekeh-Nikouei et al., 

2011).The % drug entrapped was determined  by applying the following equation 

(Kamboj et al., 2014). 

                                  % Entrapment efficiency =
(DE ×100)

DI
    

 

Where DE is quantity of drug entrapped and DI is initial quantity of drug.  

For entrapment studies an HPLC method was developed and validated, detail of method 

are given in heading 3.2.6.1. 

3.2.6.1. HPLC assay and method development of cyclosporine A  

HPLC is an exceptional procedure for determining mean content of CsA. It is used to 

determine entrapment efficiency, in vitro and in vivo evaluation of CsA. The major 

advantages of HPLC are specificity, less sample preparation, high sensitivity and speedy 

results are achieved. CsA can be determined by HPLC at low UV absorbance 

wavelengths and it is an auspicious technique for determination of CsA. Numerous 

procedures have been established to determine CsA in biological matrices (Aljohani et al., 
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2017). In the light of literature review, a method is developed to evaluate niosomes of 

CsA. 

3.2.6.1.1. (a) Instrumentation  

The Agilent 1200 series HPLC technique was employed to analyze CsA. The system was 

furnished with G1315B Diode-array detector (DAD), autosampler, quaternary pump, and 

heated column compartment. The column used was Nucleosil C18 (25 cm × 3.2 mm, 5 

µm particle size).  

                (b) Chromatographic conditions 

An isocratic method was used for investigation with mobile phase comprising of water 

and acetonitrile in ratio (3:7, v/v), at 1 ml/min flow rate, mobile phase was pumped. The 

temperature of column was conserved at 70 °C. The run time was taken ten minutes and 

volume of injection was 20 µl. The absorbance of CsA was determined at 210 nm.  Each 

standard was analyzed in triplicate and mean peak areas were plotted against Conc to 

achieve the calibration curve (Guo et al., 2000; Lee et al., 1999). 

3.2.6.1.2. HPLC experimental method development  

For the development of experimental process on HPLC following parameters like λmax, 

selection of suitable column and temperature were determined. 

3.2.6.1.3. Determination of the λmax for CsA  

A standard CsA solution of 1 µg / ml was prepared to detect the λmax. The range of scan 

taken from 190 nm to 400 nm to identify maximum absorbance of CsA. 

3.2.6.1.4. Choice of column 

Different C18 columns were checked to get a better separation of CsA through HPLC 

technique, which includes Luna C18 (25cm × 4.6 mm × 5 µm), Nucleosil C18 (25 cm × 

3.2 mm, 5 µm) and core-shell kinetex C 18 (100× 2.1 mm ×2.6 µm). . The Nucleosil C18 

(25 cm × 3.2 mm, 5 µm particle size) column gives the finest results. On this column all 

succeeding analysis was done.  

3.2.6.1.5. Optimization of temperature  

On the basis of US Pharmacopeia and literature survey, dissimilar temperatures of 

column were evaluated, at 25, 50, and 70 and 75° C. The finest result achieved at 70° C.  
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3.2.6.1.6. Optimization of flow rate  

Altered rate of flow at 0.5, 1.0, and 1.2 ml/min were evaluated to acquire the best 

resolution and peak shape.  The finest resolution was established at 1 ml/ min. 

3.2.6.1.7. Preparation of stock and standard solutions 

Stock solution of CsA (1 mg / ml) was organized by dissolving ten mg of CsA in ten ml 

of methanol. Standard solutions (0.01, 0.05, 0.1, 0.5, 1, 1.5, and 2 µg / ml) were 

organized from stock solution by dilution with mobile phase. Then over this Conc range a 

calibration curve was plotted (Aljohani et al., 2017). 

3.2.6.1.8. Method validation 

Linearity, limit of detection (LOD) and limit of quantification (LOQ), assessment of 

intra-day and inter-day variability, stability and robustness was determined for validation.  

3.2.6.1.8.1. Linearity 

To determine linear relationship amongst CsA Conc range and response, linearity curve 

was used. Calibration curve of CsA was prepared by taking 0.01 µg / ml to 2 µg / ml in 

mobile phase and then peak area was determined. By plotting these values in a graph 

slope and coefficient of correlation (R2) was determined by fitting in a linear equation. 

3.2.6.1.8.2. Limit of detection (LOD) and limit of quantification (LOQ) 

LOD is taken as the lowest Conc of a drug in a sample which can be detected, but it is not 

necessary to be quantified. LOQ is the lowermost Conc of a drug in a sample that can be 

quantitatively determined, with suitable accuracy and precision.  

It is assumed for a linear calibration curve, that the instrument response y is linearly 

associated to the standard Conc x for a limited range of Conc. It can be demonstrated as. 

𝑦 = 𝑎 + 𝑏𝑥 

This model is employed to calculate the sensitivity b, LOD and LOQ. So the LOD and 

LOQ can be explained as 

LOD = 3𝑆𝑎 /𝑏 

                                                            LOQ = 10𝑆𝑎/𝑏 

where  

S a = Standard deviation of response  

b   = Slope.  

 

In method validation LOD and LOQ are very significant. To explain the minimum 

concentration of a drug the terms LOD and LOQ are used. LOD and LOQ parameters are 
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relevant to each other. The objective is to explain the smallest concentration of active 

pharmaceutical ingredient that can be identified but it has no assurance of the bias or 

imprecision of the outcome of assay (Pecchio et al., 2014; Shrivastava & Gupta, 2011). 

3.2.6.1.8.3. Assessment of intra-day and inter-day variability 

These parameters were employed to evaluate the accuracy and precision of the procedure. 

These parameters were determined by evaluating five samples on same day at dissimilar 

intervals of time. The inter-day precision and accuracy were determined by examining 

each sample on dissimilar days.  Intra-day and inter-day accuracy should be less than 

fifteen percent. Relative standard deviation (RSD) shows the precision and it should also 

be less than 15% as required by guidelines of U.S. Food and Drug organization. Relative 

standard deviation (% RSD) accuracy was determined by following formulas (Farooq et 

al., 2018). 

% Accuracy =
Mean observed Conc

Expected Conc
× 100 

 

% RSD =  
SD

Mean
 × 100 

3.2.6.1.8.4. Recovery 

Extraction was done by protein precipitation by employing acetonitrile. The relative 

recovery was determined by comparing the peak area of CsA in the extracted sample of 

plasma to peak area acquired by same Concs in the mobile phase. Every quantity was 

executed thrice for determination of recovery. The equation employed for recovery 

calculation is as follows 

Recovery = Pe / Pu × 100 

Pe = Peak areas of the extracted sample 

Pu = Peak areas of the un-extracted standards  (Pervaiz et al., 2015). 

3.2.6.1.8.5. Freeze thaw stability 

Freeze thaw stability was determined for 03 CsA Concs stored at -20 °C. These were 

thawed & re-frozen every week for four weeks duration to evaluate the long term stability 

of CsA. 

3.2.6.1.8.6. Robustness       

The conditions of HPLC were intentionally changed to investigate the influence on 

results. So thoughtful minor deviations were made in process conditions e.g changes of 

rate of flow, acetonitrile content of mobile phase and temperature of column.  



  

49 

 

3.2.7. Thermal analysis 

CsA, niosomal formulations, physical mixtures and other ingredients were subjected to 

differential scanning calorimetry (DSC) (TA Instruments SDT-Q600 Simultaneous TGA / 

DSC). The ingredients were weighed accurately (3-5 mg) in aluminum pans and covered 

with aluminum. In nitrogen atmosphere thermograms were taken. The rate of purging was 

taken at 50 ml min-1. The heating temperature of samples was taken from 10°C to 250 °C, 

and the rate of scan was taken at 10°C min-1 (Li et al., 2005).  

3.2.8. Determination of stability of formulations 

To determine the stability of niosomes the preparations were stored at temperature (4-8 

°C) and at normal room temperature (24°C ± 2) in transparent vessels. Specimens were 

taken at proper time interval, and entrapment was evaluated to characterize the stability 

profile (Ceren Ertekin et al., 2015). Visual examination was also done to evaluate any 

color changes in formulation (Khan et al., 2015b). 

3.2.9. In vitro release studies 

To determine the In vitro release of formulations of CsA (F1 - F6) and (F7 - F11) and CsA 

aqueous suspension, dialysis membrane method was used. Drug release study was 

conducted at gastric, pH 1.2 and intestinal, pH 7.4. Tests of drug release were conducted 

under sink condition. Dialysis membrane was soaked in distilled water over nightly then 1 

ml of formulation was added in dialysis membrane. Dialysis membrane was clamped 

from both side and placed in a beaker having one hundred ml of PBS of pH 1.2 and pH 

7.4. The temperature was taken at 37 °C, and the stirring speed was adjusted at 100 rpm. 

The dialysate samples were collected at 0, 0.25, 0.50, 0.75, 1, 1.25, 1.75, 2.5, 4, 

5.5,8,12,16,20 and 24 hours. Same amount of fresh PBS was added when sample was 

collected. The samples were assayed by utilizing HPLC technique (El-Ridy et al., 2014; 

Wagh & Apar, 2014).  

3.2.10. Release kinetic behavior 

In vitro dissolution is very important in drug development. Many theories and kinetic 

models explain dissolution of drug from modified release and immediate release 

formulations. There are numerous models which explain the dissolution profiles of drugs. 

The nature of drug, solubility, particle size and quantity in medicinal dosage form affects 

the release kinetics. For less water solvable drugs the self-erosion of matrix is major 

release mechanism but water soluble drugs assimilated in matrix are mostly released by 

diffusion. Kinetic models were applied on the release data of the niosomal formulations 
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(F1-F11) of CsA to determine the release mechanisms. The models used in study were as 

follows.  

3.2.10.1. Zero order kinetics 

It explains the dissolution of drugs from pharmaceutical dosage forms that release drug 

gradually and do not disintegrate. The equation of zero order kinetics is as follows. 

𝑊𝑜 − 𝑊𝑡 = 𝐾𝑡 

Where Wo   = Initial quantity of drug.  

Wt   = At time t quantity of drug in the pharmaceutical dosage form.  

K   = Constant of proportionality  

The drug delivery system which follows this model release the same quantity of active 

pharmaceutical agent by unit of time and to achieve pharmacological prolonged action 

this is perfect system of release of drug. 

3.2.10.2. First order kinetics 

This modelzis used to explain absorption and elimination of some active pharmaceutical 

ingredients. The equation of this model is given below. 

Log 𝑄𝑡 = log 𝑄° + 𝐾1𝑡/2.303 

 Wherever Qt = In time t quantity of drug released. 

Qo = Initial quantity of drug in solution. 

K1 = Constant of first order release. 

For decimal logarithm of released quantity of drug versus time, the graph will be linear. 

This drug delivery system comprising of water soluble drugs in porous matrices generally 

follow this dissolution profile. They release drug in a manner which is relative to the 

quantity of drug left in delivery system.  

3.2.10.3. Higuchi model  

This model explains the release of low solvable drugs from semi solid or solid matrixes. 

The simplified equation of higuchi model is as follows. 

     ƒt = Q =  KH  t ½     

Where ƒt   or Q = In time t quantity of drug released  

KH  = Constant of  higuchi dissolution  

Higuchi explains release of drug as a process of diffusion, which is grounded on Fick’s 

law. This model explains dissolution of medication from many categories of improved 

release dosage forms. 

. 



  

51 

 

3.2.10.4. Korsmeyer peppas model 

This is simple and semi empirical model. To evaluate release process, the korsemeyer –

Peppas model was applied. Its equation is as follows. 

Korsemeyer Peppas model =
𝑀𝑡

𝑀∞
= 𝑎𝑡𝑛 

Wherever  
𝑀𝑡

𝑀∞
 = At time t quantity of drug released 

a  = It is the constant of release rate. 

n = It is the exponent of release.  

The n value is employed to conclude the dissimilar mechanisms of release. The release 

study of CsA was assessed by using these kinetic models. (Costa & Lobo, 2001).  

3.2.11. In-vivo studies   

Optimized niosomal preparations (F2 and F10) were studied for in vivo evaluation of 

niosomal vesicles. Twenty four albino rabbits were included in study. These two 

formulations were designated as optimized due to better entrapment of CsA and 

dissolution profile. CsA aqueous dispersion (CAD) was taken as control. To evaluate 

drug Conc HPLC method was utilized as explained above. Blood samples were collected 

for twenty four hours. Software Pk solver was employed to evaluate pharmacokinetic 

parameters (Al-Meshal et al., 1998; Wang et al., 2014). 

3.2.11.1. Experimental design and dosage schedule 

Single dose (non-crossover design) was used for in vivo study of optimized niosomal 

preparations. The protocols of in vivo study were approved by Institutional Review 

Board, GC University Faisalabad (Ref. No. GCUF/ERC/ 1992). 24 albino rabbits having 

good health weighing 1.2-1.6 Kg were chosen. All rabbits were allocated into 3 clusters, 

each having eight rabbits (n= 8). All rabbits were appropriately labeled. The features of 

three groups are presented in table 3.4. 

Table 3.4: Groups of rabbits for in vivo study and their labelling.  

Sr 

No 

Groups of 

rabbits 

Formulation to be 

administered 

Labelling of rabbits 

1 Group 1 CsA aqueous dispersion  C1,C2,C3,C4,C5,C6,C7,C8 

2 Group 2 Niosomal formulation (F2) S1,S2,S3,S4,S5,S6,S7,S8 

3 Group 3 Niosomal formulation (F10) R1,R2,R3,R4,R5,R6,R7,R8 
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The rabbits were retained in a place with appropriate light and its temperature was kept at 

(22±2 °C) and humidity at (50-60 %). The rabbits were not allowed to eat for twelve 

hours, before the administration of dose with sufficiently available water ad libitum. 

Before starting the experimental study beginning, animals behavior and clinical signs 

were periodically assessed (Campos et al., 2016). 

On the day of experiment, rabbits were engaged in restrainers of metal at 7:00 am. Dose 

of CsA (10 mg/Kg) of control and test formulations were administered by oral route by 

utilizing suitable catheter at 8:00 am. The samples of blood (2 ml) were taken in tubes 

with EDTA at specific intervals up to 24 hours after oral administration of dose. After 

collecting blood samples the rabbits were reverted to their appropriate cages.  

3.2.11.2. Blood samples collection 

Samples of blood (2 ml) were drawn from jugular vein of rabbits by employing 3 cc 

syringe.  After administration of dose the samples were drawn at 0, 0.5, 0.75, 1, 1.5, 2, 

2.5, 3, 4, 6, 8, 12 and 24 hours. The samples of blood were centrifuged at 5000 rpm for 

ten minutes. These samples were warehoused in Laboratory freezer at -20°C until 

analysis (Wang et al., 2014). 

3.2.11.3. Preparation of samples and analysis 

To prepare sample protein precipitation method was used. In 1.5 ml polypropylene 

microcentrifuge tube protein precipitating agent acetonitrile 500 µL was incorporated 

along with rabbit plasma. The volume of sample used was one ml. The tube was vortex 

mixed for 3 minutes and then centrifuged for ten minutes at 11,000×g. The supernatant 

was transported into another clean tube (Amini & Ahmadiani, 2003). Then it was filtered 

from 0.45 µm filter. After filtration it was used for plasma concentration analysis by 

HPLC technique. The volume of sample injected into the HPLC system was 20 µl. 

3.2.12. Statistical analysis 

Analysis of variance (ANOVA) was utilized to assess results of mean values of size of 

niosomes, entrapment efficiency of niosomal preparations, and for evaluation of 

pharmacokinetic parameters for in vivo studies. The significance level was set to p < 0.05. 

ANOVA was conducted at 95% confidence interval by GraphPad Prism 6 software.  
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Chapter No 4 

4. Results and Discussion 

4.1. Formulation of niosomes 

In niosomal formulations cholesterol (Cho) has been assimilated into preparations as a 

stabilizer of vesicles. Cho has property of abolishing gel - liquid transition of the niosomal 

vesicles making them lesser leaky (Nematollahi et al., 2017). 1-hexadecyl pyridinium 

chloride (HPC) imparts charge on niosomes which help in its stabilization (Junyaprasert et 

al., 2008).  

These nonionic surfactants were also used previously in research for development of 

niosomes e.g in a investigation by Yoshioka et al span 60 and span 80 were used successfully 

to prepare niosomes (Yoshioka et al., 1994). In another research by tween 60 and tween 80 

were employed with different Conc of Cho to prepare niosomes (Akbari et al., 2015). Span 

20 and brij 35 were also used for niosomal formulation of salbutamol along with Cho 

(Bhaskaran & Panigrahi, 2002). In the current study these nonionic surfactants were also 

used to prepare niosomes of CsA. It was found that all selected ratios of nonionic surfactant 

and Cho were capable to formulate niosomal vesicles.  

4.2. ATR-FTIR studies  

The ATR-FTIR spectrum of CsA and Cho, span 60 and span 80, tween 80, tween 60, and 

HPC are presented in figure no 4.1, 4.2 and 4.3 respectively. The spectra of physical mixtures 

1 and 2 are demonstrated in figure no 4.4. The ATR-FTIR spectra of niosomal formulations 

F1 to F6 are presented in Figure 4.5 and 4.6.  

The spectra of span 20 and brij 35 are presented in figure 4.7 and the spectra of physical 

mixtures 3 and 4 is shown in figure 4.8, and the spectra of niosomal formulations F7 to F11 

are demonstrated in Figure 4.9 and 4.10.   

The characteristic peaks of individual components of formulations, with functional groups 

are presented in table 4.1. Characteristic peaks of physical mixtures 1, 2, 3& 4 are given in 

table 4.2. The characteristic peaks of niosomal formulation F1 to F11, with corresponding 

functional groups are presented in Table 4.3. 
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Figure 4.1: ATR-FTIR spectra of cyclosporine A and cholesterol 
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Figure 4.2: ATR-FTIR spectra of Span 60 and Span 80 
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Figure 4.3: ATR-FTIR spectra of Tween 60 and Tween 80 and hexa decyl pyridinium 

chloride. 
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Figure 4.4: ATR-FTIR spectra of physical mixture 1 (PM1) & 2 (PM2). 
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Figure 4.5: ATR-FTIR spectra of formulations F1 - F3. 
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Figure 4.6: ATR-FTIR spectra of formulations (F4- F6. 
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Figure 4.7: ATR-FTIR spectra of Span 20 and Brij 35. 
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Figure 4.8: ATR-FTIR spectra of physical mixture 3 (PM3) & 4 (PM4). 
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Figure 4.9: ATR-FTIR spectra of formulations F7- F9. 
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Figure 4.10: ATR-FTIR spectra of formulations F10 & F11. 
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Table 4.1: Characteristic peaks of individual components 

Component Characteristic peaks (cm-1) Functional group 

Cyclosporine A 3310 Amines or hydroxyl group 

 2957 Carboxylic acids 

 2360 Primary and secondary amines 

 1621 Amides, Conjugated ketone 

 1457 Alkanes, Aromatic ring stretch 

 1091 Amines, Alkyl substituted ether 

 967 Alkenes 

Cholesterol 3420 Hydroxy group 

 2929 Carboxylic acids 

 2360 Primary and secondary amines 

 1459 Alkanes, Aromatic ring stretch 

Span 60 3310 Amines or hydroxyl group 

 2926 Carboxylic acids 

 2360 Primary and secondary amines 

 1733 Aldehyde 

 1459 Alkanes, Aromatic ring stretch 

 1052 Cyclohexane ring vibrations,                                   

Alkyl substituted ether 

Span 80 2921 Carboxylic acids 

 2360 Primary and secondary amines 

 1736 Esters 

 1457 Alkanes, Aromatic ring stretch 

 1054 Cyclohexane ring vibrations,                                   

Alkyl substituted ether 

Tween 60 2920 Carboxylic acids 

 2360 Primary and secondary amines 

 1734 Aldehyde 

 1092 Amines, Alkyl substituted ether 

Tween 80 2856 Carboxylic acids 

 2360 Primary and secondary amines 

 1734 Aldehyde 

 1457 Alkanes, Aromatic ring stretch 

 1091 Amines, Alkyl substituted ether 

Hexa decyl 

pyridinium chloride 

3367 Amines or hydroxyl group 

 2912 Carboxylic acids 

 2360 Primary and secondary amines 

 1635 Secondary amine 

 1471 Methylene bend of C‒‒H  

 1177 Secondary amines 

Span 20 3397 Amines or hydroxyl group 

 2922 Carboxylic acids 
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 1737 Aldehyde 

 1052 Cyclohexane ring vibrations,                                   

Alkyl substituted ether 

Brij 35 2884 Carboxylic acids 

 1466 Alkanes, Aromatic ring stretch 

 1342 Primary or secondary alcohol 

 1106 Alkyl substituted ether 
 

Table No 4.2. Characteristic peaks of physical mixtures 

Component Characteristic peaks (cm-1) Functional group 

PM1 3420 Hydroxy group 

 2919 Carboxylic acids 

 2360 Primary and secondary amines 

 1734 Aldehyde 

 1458 Alkanes, Aromatic ring stretch 

 1054 Alkyl substituted ether 

PM2 2927 Carboxylic acids 

 2360 Primary and secondary amines 

 1622 Secondary amine, Conjugated 

ketone 

 1457 Alkanes, Aromatic ring stretch 

 1091 Amines, Alkyl substituted ether 

 1054 Cyclohexane ring vibrations,                                

Alkyl substituted ether 

 951 Alkenes 

PM3 3421 Hydroxy group 

 2922 Carboxylic acids 

 1737 Aldehyde 

 1464 Alkanes, Aromatic ring stretch 

 1098 Amines, Alkyl substituted ether 

PM4 3394 Hydroxy group 

 2917 Carboxylic acids 

 1624 Secondary amine, Conjugated 

ketone 

 1467 Alkanes, Aromatic ring stretch 

 1112 Alkyl substituted ether 
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Table 4.3: Characteristic peaks of niosomal formulation (F1 - F11) 

Component Characteristic peaks (cm-1) Functional group 

F1 3336 Hydroxy group, Carboxylic acids 

 2930 Carboxylic acids 

 2360 Primary and secondary amines 

 1649 Secondary amine 

 1457 Alkanes, Aromatic ring stretch 

 1052 Alkyl substituted ether 

F2 3299 Hydroxy group, Carboxylic acids 

 1631 Secondary amine 

F3 3259 Hydroxy group, Carboxylic acids 

 1635 Secondary amine 

F4 3262 Hydroxy group, Carboxylic acids 

 2359 Primary and secondary amines 

 1636 Secondary amine 

F5 3322 Hydroxy group 

 2929 Carboxylic acids 

 2360 Primary and secondary amines 

 1649 Secondary amine, Conjugated ketone 

 1458 Alkanes, Aromatic ring stretch 

 1021 Alkyl substituted ether 

F6 3273 Hydroxy group, Carboxylic acids 

 1636 Secondary amine, Conjugated ketone 

F7 3316 Hydroxy group 

 1636 Secondary amine, Conjugated ketone 

F8 3333 Hydroxy group, Carboxylic acids 

 1637 Secondary amine, Conjugated ketone 

F9 3332 Hydroxy group, Carboxylic acids 

 1637 Secondary amine, Conjugated ketone 

 1362 Carboxylate, Nitrate ion 

 1019 Cyclohexane ring vibrations,                                   

Alkyl substituted ether 

F10 3331 Hydroxy group, Carboxylic acids 

 1637 Secondary amine, Conjugated ketone 

F11 3346 Hydroxy group, Carboxylic acids 

 1637 Secondary amine, Conjugated ketone 

 1362 Carboxylate, Nitrate ion 

 1093 Amines, Alkyl substituted ether 
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4.2.1. Characteristic peaks of ATR-FTIR spectrum  

The characteristic peaks of CsA were shown in table 4.1 these peaks indicates amines, 

carboxylic acid, amides, and the alkyl substituted ether functional group respectively. The 

characteristic peaks of 2360 cm-1 which indicate amines of primary and secondary type 

functional group were established in the FTIR spectrum of Cho, CsA, tween 60, tween 80, 

span 60, span 80, HPC, physicalzmixture PM1 and PM2, and also in formulation F1, F4, and 

F5. 

The representative peaks from 1457 cm-1 to  1467 cm-1 which exhibit alkanes and the 

aromatic ring stretch functional group were found in tween 80, cho, span 80, CsA, span 60, 

physical mixture PM1, PM2, PM3 and PM4 and in formulation F1 and F5. The characteristic 

peaks of 1091 cm-1 to 1098 cm-1 indicate amines and alkyl substituted ether functional groups 

were found in CsA, tween 80, tween 60, and physical mixture PM2 and PM3. 

The characteristic peaks in spectra of Cho were were shown in table 4.1 which indicates the 

hydroxy group and the carboxylic acid functional group respectively. The characteristic 

peaks of 2920 to 2929 cm-1 designate the carboxylic functional group were established in 

tween 60, span 80, span 60, and cho respectively. The physical mixture PM1, PM2 PM3 and 

PM4 showed characteristics peaks from 2917 to 2927 cm-1, and the formulations F1 and F5 

showed characteristics peak of 2930 cm-1 and 2929 cm1, which indicate the Carboxylic acid 

functional group. The characteristic peaks in spectra of span 60 were at 3310 cm-1 and 2926 

cm-1 which indicate Amines or the hydroxyl group and the Carboxylic acids functional group 

respectively. 

The characteristic peak in spectra of span 60 and formulation F1 was at 1052 cm-1, and the 

characteristic peak in spectra of span 80, physical mixture PM1 and PM2 was at 1054, both of 

these peaks indicate the alkyl substituted ether functional group. The characteristic peak in 

spectra of span 60 was at 1733 cm-1, the characteristic peak in spectra of span 80 was at 1736 

cm-1, and the representative peak in spectra of physical mixture 1, tween 60, tween 80 and 

was at 1734 cm-1. All these peaks indicate the aldehyde functional group respectively. Span 

80 demonstrated the peak at 1736 cm-1 which indicates the esters functional group. Tween 80 

presented the characteristic peak of 2856 cm-1 which indicates the carboxylic acids functional 

group. The distinguishing peaks of HPC were shown in table 4.1, these peaks indicate amines 
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or hydroxyl group, secondary amine or conjugated ketone, carbonate ion, and secondary 

amine functional group respectively.  

Span 20 presented distinctive peaks as shown in table 4.1 which indicates amines or hydroxyl 

group, carboxylic acids, aldehyde and alkyl substituted ether functional group respectively. 

Similarly brij 35 exhibited distinctive peaks shown in table 4.1 which indicate carboxylic 

acids, alkanes, primary or secondary alcohol and alkyl substituted ether respectively. The 

representative peaks from 1631 cm-1 to 1649 cm-1 which indicate secondary amine and 

conjugated ketone functional groups were found in all niosomal formulation from F1 to F11.  

Similarly the distinctive peaks are from 3259 cm-1 to 3346 cm-1 which indicate hydroxy 

group and carboxylic acids functional groups, were found in all niosomal formulation from 

F1 to F11 (Coates, 2000).   

4.2.2. Interpretation of ATR-FTIR spectrum and characteristic peaks 

The characteristic peaks in the ATR-FTIR spectrum of CsA, tween 60, span 60, tween 80, 

span 20, span 80, brij 35 and Cho, are alike to peaks as given in literature, which indicates 

the pureness of samples and the fact that they are suitable for niosomal formulations. 

Representative peaks in the ATR-FTIR spectra of CsA are alike to peaks as available in 

literature, which indicates the pureness of sample and indicates the absence of  

contaminations (Khan et al., 2015a; Silverstein et al., 2005).  

Physical mixtures of CsA with nonionic surfactants and cholesterol were organized by 

mixing in equimolar ratios. The ATR-FTIR spectrum demonstrated alike peaks in spectra of 

physical mixtures as in an individual spectra of uncontaminated constituents. The spectra of 

physical mixtures did not exhibit a significant alteration of peaks which designates that there 

were no interactions.  

The ATR-FTIR spectra of formulations F1 to F11 are presented in Figure 4.5, 4.6, 4.9 and 

4.10.  It showed alike peaks and the marked decrease of IR-bands of drugs as well as the 

intensity of peaks. Due to the development of niosomal vesicles, maximum peaks are 

diffused, demonstrating a good physical interaction amongst CsA, Cho, and nonionic 

surfactants. The lack of a significant change of a new peak designates a lack of chemical 

interaction. So, it is illustrated that CsA is intact and can exert its pharmacological effects 

(Rajabalaya et al., 2016).  
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4.3.Vesicle Size polydispersity index & zeta potential  

The mean size, polydispersity index (PDI) & zeta-potential of preparations is given in Table 

4.4. All niosomes have size range of 415 nm to 1049 nm. The average size of niosomes of 

the optimized formulations F2 and F10
 was 1049.3 and 562.5 nm respectively. The average 

size of niosomal vesicles improved with upsurge in the value of HLB in dissimilar nonionic 

surfactants. Parallel results were reported by khazaeli et al about niosomal vesicles prepared 

by span 20 and 60.  

The incorporation of HPC in the bilayers may raise the curvature of the bilayer through 

electrostatic repulsion, thus enhancing the hydrophilic surface area. This outcome will result 

in small vesicles (Khazaeli et al., 2007). The size of niosomes was affected significantly 

(p<0.05) by changing the surfactant to Cho ratio in preparations. As quantity of Cho 

upsurges, the chain order in bilayer of vesicles also raises which result in stabilization of 

niosomal vesicles. The small niosomes were produced with high Cho Conc. As in the current 

study the size of niosomes in formulation F10 was small as compared to F2 (Kazi et al., 2010). 

The expected value of polydispersity index of niosomes is 0.30, the results close to it showed 

the sufficient homogeneity of the formulation. The range of PDI values was found 0.259 to 

0.572. The PDI value of  formulation F10 was 0.321, which  designates a better distribution of 

size and sufficient homogeneity of the formulation (Moawad et al., 2017).  

The zeta potential of the niosomal formulations of CsA was demonstrated in Table 4.4. In all 

niosomal formulations the range of zeta potential was 23.8 to 35.2 (mV). The values of zeta 

potential of niosomes have small differences. The expected value of zeta potential was 30 

mV, the results close to it are required for electrostatic stabilization (Marianecci et al., 

2014a). So this zeta potential was sufficient for electrostatic stabilization of niosomes. This 

was due to a positive charge inducing agent HPC, which was incorporated to all preparations  

to increase the stability of vesicles and to circumvent accumulation of niosomes (Ag Seleci et 

al., 2016). 
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Table 4.4: Mean size, polydispersity index & zeta potential of niosomal formulations 

Code of Formulation  Size 

 (nm) 

PDI  Zeta potential  

(mV) 

F1 436.1   ± 0.141 0.451 ± 0.04 23.8 ± 2.4 

F2 1049.3  ± 0.118 0.435 ± 0.15   32.1  ± 2.5 

F3 534.7   ± 0.216 0.471 ± 0.06 25.7  ± 2.7 

F4 415.2   ± 0.312 0.356 ± 0.11 24.3 ± 1.6 

F5 424.1   ± 0.186 0.481 ± 0.17 30.7 ± 3.6 

F6 673.8   ± 0.137 0.572 ± 0.21 26.4 ± 2.5 

F7 525.6   ±  0.124 0.365 ±0.032 26.2 ± 3.6 

F8 427.1   ±  0.165 0.259 ±0.021 30.7 ± 2.8 

F9 972.3  ±  0.172 0.392 ±0.09 28.5 ± 3.2 

F10 562.5  ± 0.236 0.321 ±0.043 35.2 ± 2.3 

F11 867.9  ± 0.327 0.497 ±0.033 31.6 ±2.1 

Data are mean ± standard deviation; in all formulations category of surfactant significantly affect the size of the 

niosomes (p <0.05). 

 

4.4. Morphology of niosomes  

Scanning electron microscopy (SEM) was employed for morphological study. SEM image of 

optimized formulation F2 was presented in figure 4.11 and in figure 4.12 SEM appearance of 

the selected formulation F10 is demonstrated. In niosomal formulation F2, sorbitan 

monostearate was employed. It had a CPP in the range of 0.5 to 1 and so it could be used in 

preparation of niosomes (Uchegbu & Vyas, 1998). In the current study SEM image of 

optimized  formulations F2 & F10 exhibit the spherical nature of niosomal vesicles, which was 

also alike to the niosomes  of naltrexone prepared by using sorbitan monostearate  

(Abdelkader et al., 2012). 
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Figure 4.11: SEM image of formulation F2 

 

 

Figure 4.12: SEM appearance of formulation F10 
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Morphology of finally selected niosomal formulation F10 was also evaluated by employing 

transmission electron microscope (TEM). Image by TEM was shown in figure 4.13 established 

the development of spherical niosoms by thin film hydration method. Images by TEM 

exhibited that niosomes were present in intact state. The sizes of vesicles perceived by images 

of TEM for the optimized formulation F10 produced by both procedures were similar with the 

differential light scattering (DLS) results. Structure of niosomes was also revealed by images 

of TEM. The external core of niosomal vesicles  which includes the hydrophobic drug with 

in the surfactant and Cho bilayer is dark in contrast to internal core (Marianecci et al., 2016). 

The spherical vesicles established in the  investigation were found in line with niosomal 

preparations  of flurbiprofen comprising of brij 35 nonionic surfactant which were also 

spherical (Kumar, 2012). EDX spectra of selected niosomal formulation F10 is shown in 

figure 4.14 and in table no 4.5 atomic % and weight % of elements in formulation F10 are 

demonstrated. 

 

Figure 4.13: Image by TEM of formulation F10 
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Figure 4.14: EDX spectra of selected niosomal formulation F10. 

 

 

 

Table 4.5: Atomic % and weight % of elements in EDX spectra of formulation F10. 

 

Sr No  Elements Weight % Atomic % 

1 C K 61.20 77.95 

2 O K 3.00 2.87 

3 Na K 15.93 10.60 

4 Cl K 19.87 8.57 
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4.5. Entrapment efficiency  

Ultracentrifugation was employed for niosomes separation. Percentage entrapment efficiency 

of CsA in different formulations was determined by HPLC. Its results were given in Table 

4.6. The details of development & validation of HPLC method is given in heading 4.5.1. 

 

Table 4.6: Mean entrapment efficiency of niosomal formulations 

Code of 

formulation  

Surfactant: Cho ratio 

 

Entrapment efficiency 

(%) 

 Tween 60+Span 60: Cho  

F1 7:3 26.88 ± 0.43 

F2 6:4 77.28 ± 0.35 

F3 5:5 52.08 ± 0.38 

 Tween 80 + Span 80: Cho  

F4 7:3 63.84 ± 0.41 

F5 6:4 56.12 ± 0.52 

F6 5:5 43.68 ± 0.39 

 

 Surfactant (Surfactant: Cho)  

F7 Span 20 1:1 52.73 ± 0.45 

F8 Brij 35 1:1 63.28 ± 0.24 

F9 Span 60 1:1 46.34 ± 0.54 

 Span 20 + Brij 35 : Cho  

F10 1:1 89.31 ± 0.37 

 Span 60 + Brij 35 : Cho   

F11 1:1 73.82 ± 0.29 
 

Data are mean ± standard deviation; in all niosomal formulations, entrapment efficiency was significantly 

dissimilar from each other p <0.05. 

 

In F1 to F3, the nonionic surfactants utilized were tween 60 and span 60, and the Conc of Cho  

were gently raised from 30 to 50 %. In formulation F2 the maximum entrapment of 77.28 % 

was accomplished. In F2 the ratio of surfactants and Cho was 6:4. Therefore, 40 % Cho 

demonstrates high entrapment efficiency. Research by other scientists on niosomal vesicles 

showed that as the Conc of Cho was increased up to some extent i.e. 0 to 50 % the 

entrapment efficacy also rises (Mali et al., 2013; Surya et al., 2018). Statistical analysis 

indicated that the % entrapment efficacy was significantly reliant on ratio of surfactant to 

Cho in niosomal preparations (p <0.05). The quantity of Cho required to form niosomes 
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raises as the HLB of surfactants was more than ten. In F2, the mixed surfactant system was 

used i.e. tween 60 + span 60 instead of a single surfactant. This combination helps in 

increasing the entrapment efficiency of CsA. This mixed surfactant system was also used in 

another research to upsurge the entrapment efficiency of less soluble diacerein. They used 

span 20 and poloxamern184 as a mixed surfactant, and this resulted in the increased 

entrapment efficiency of diacerein (Khan et al., 2016).  

The surfactants used in the preparations F4, F5 and F6, were span 80 and tween 80. On using 

these surfactants, F4 exhibited maximum entrapment of 63.84 %. In F4 30 % Cho Conc was 

used. Consequently, it has been concluded with regard to this system of surfactant that on 

additionally raising the Conc of Cho up to 50 % does not increase the entrapment efficacy. In 

F3 and F6, the Cho Conc was the highest, up to 50 %, but the entrapment efficiency was 

small. The reason for this fact may be that the greater Cho Conc result in the distraction of 

niosomal vesicles, which  leads to seepage of the active pharmaceutical agent (Abdelkader et 

al., 2010). The data in Table 4.6 demonstrated that the % entrapment is reliant on the amount 

of surfactant and quantity of Cho which is utilized in appropriate ratios in different 

formulations.  

Similarly in second phase in formulation F7, F8 and F9 nonionic surfactants span 20, brij 35 

and span 60 were used along with Cho in ratio (1:1) respectively as shown in table no 4.6. In 

formulation F10 combination of span 20 and brij 35 was used along with Cho and in 

formulation F11 span 60 and brij 35 were used along with Cho in equimolar ratio (1:1). In 

formulation F10 span 20 and brij 35 along with Cho in ratio (1:1) showed maximum 

entrapment efficiency (89.31 ± 0.37).  

The reasons for this fact was due to combination of brij 35 and span 20 surfactants in 

niosomes, which result in more stable and less leaky niosomal vesicles. Brij 35 has lengthy 

lauryl (c12) chain, so the long chain effect the HLB of surfactants and also result in raised 

drug entrapment and improved stability. Cho was also very significant additive added in the 

niosomal preparation to formulate stable niosomes. Cho prevents leakiness stabilizes bilayer, 

and reduce pervasion of solutes encircled in the aqueous core of niosomes. The molar ratio of 

Cho and non-ionic surfactant was 1:1, and this exhibited better results in case of F10. 

Similarly in a study of proniosomal gel of flurbiprofen, the surfactant brij 35 was utilized 

which results in high entrapment efficiency (Kumar, 2012). 
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4.5.1. HPLC assay and method development of Cyclosporine A 

HPLC is highly useful and exceptional procedure for measuring average drug content of CsA 

with a high analytical resolution. For HPLC analysis the screening of conditions, mobile 

phase and method validations were as follows. 

4.5.1.1. Selection of optimized conditions 

For a productive and competent chromatographic procedure the fundamental requirements 

are separation of active pharmaceutical ingredient with high precision, accuracy, sensitivity 

and resolution. So selection of optimized condition was as follows. 

4.5.1.1.1. Determination of an optimum wavelength 

The maximum absorbance was found in amongst 205 and 215 nm. On the Basis of this 

outcome, the supreme absorbance at 210 nm was considered optimum and is utilized to 

distinguish CsA in all succeeding tests on HPLC. 

4.5.1.1.2. Selection of optimized mobile phase 

Composition of mobile phase was evaluated to achieve a rational grade of detection of CsA. 

It was evaluated by employing dissimilar proportion of water and solvents like acetonitrile, 

methanol & buffers etc. After numerous trials, a mobile phase comprising of water and 

acetonitrile in proportion (3:7, v/v) results in peaks with good symmetry and resolution. The 

retention time of CsA was 1.7 minutes as presented in Figure 4.15.a & b. The mobile phase 

selected in the investigation was parallel to the methods reported in another study of CsA by 

kim et al. They also employed 70% acetonitrile and 30% distilled water as mobile phase 

(Kim et al., 1997). Lee et al also established an HPLC procedure to evaluate the liposomes 

and mixed micelles of CsA. They also used mobile phase of water-acetonitrile (3:7, v/v) 

filtered from 0.45 µm membrane filter and supplied at flow rate of 1.0 ml/min (Lee et al., 

1999). The additional benefit of the current procedure is the modest and relatively 

economical mobile phase.  
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Figure 4.15.a: Chromatogram of 0.01µgm/ml cyclosporine A in mobile phase. 

 

 

         Figure 4.15.b: Chromatogram of 0.1µgm/ml cyclosporine A in mobile phase. 
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4.5.1.2. Method validation 

For the validation of HPLC method linearity, LOD, LOQ, assessment of inter-day and intra-

day variability were evaluated as follows. 

4.5.1.2.1. Linearity 

It was determined according to the protocols of ICH for validation (Guideline, 2005). The 

anticipated procedure was linear over range of 0.01 to 2 µg / ml CsA Conc. The data of 

chromatograms was taken and area of peaks was determined. The curve amongst CsA Conc 

and area of peak was created and presented in figure 4.16. Seven dilution of CsA were 

analyzed for calibration curve. Each level of Conc was evaluated thrice (n=3). The mean 

value of R2 for CsA was 0.999, it designated good linearity of procedure. The calibration 

curve is presented in Figure 4.16 and the values of its parameters are presented in table 4.7. 

 

 

Figure 4.16: Calibration curve of cyclosporine A using the HPLC system. 
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Table 4.7: Calibration curve parameters of CsA 

Curve Code Slope Intercept r2 Concentration Range 

CS -01 
0.3598 18.204 0.9989 

 

 

 

 0.01 to 2 µg/ml 

 

CS-02 
0.3593 18.149 0.9986 

CS-03 
0.3603 18.259 0.9995 

Mean 
0.3598 18.204 0.999 

S.D 
0.0005 0.055 0.000636 

% C.V 
0.139 0.3021 0.0637 

 

4.5.1.2.2. LOD and LOQ 

The LOD of CsA was established to be 1.042 ng / ml and value of LOQ was established to be 

3.157 ng / ml. The findings of LOD and LOQ were superior than earlier study (Bonifacio et 

al., 2009)  and are equivqlent to results of Yong-Wha Lee in a study of comparison of CsA 

and tacrolimus (Lee, 2013). 

4.5.1.2.3. Assessment of intra-day and inter-day variability 

Analytical procedure is considered precise if mean result is similar to original value. 

Replicates of five Conc 0.1, 0.5, 1, 1.5 and 2 µg of CsA in mobile phase on the single day 

and 03 succeeding days were evaluated for determination of accuracy and precision. Intra-

day accuracy of five Conc 0.1, 0.5, 1, 1.5 and 2 µg was in a range of 92, 94.8, 95, 97 and 

93.5% and inter-day accuracy of three consecutive days ranged from 96.7,93,96, 92 and 97.6 

respectively. Similarly intra-day (% CV) precision results were 2.17, 1.68, 1.15.2.53 and 2.72 

and inter-day (%CV) precision results were 2.48, 1.07, 2.39, 3.26 and 1.63 respectively as 

presented in Table 4.8.a. 

Table 4.8.a:  Intra and Inter-day precision & accuracy 

Concentrations 

(µg) 

Intera-day (n=3) Inter-day (n=3) 

Conc found 

(Mean ± SD) 

C V 

(%) 

Accuracy 

(%) 

Conc found 

(Mean ± SD) 

C V 

(%) 

Accuracy 

(%) 

0.1 0.092 ± 0.002 2.17 92 0.097 ± 0.002 2.48 97 

0.5 0.474 ± 0.008 1.68 95 0.465 ± 0.005 1.07 93 

1 0.952 ± 0.011 1.15 95 0.961± 0.023 2.39 96 

1.5 1.462 ± 0.037 2.53 97 1.383 ± 0.045 3.26 92 

2 1.873 ± 0.051 2.72 94 1.952 ± 0.032 1.63 98 
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4.5.1.2.4. Extraction recovery 

The extraction of CsA was performed by acetonitrile. At 03 Concs recovery of CsA was 

determined as presented in Table 4.8.b. Peak response of CsA in spiked plasma was compared 

with standard dilutions in mobile phase. The percentage recovery of CsA in plasma was 

established to be 97.1%, 95.3% and 96.5% for 10, 1.5 and 2 µg.mL-1respectively. The results 

of recovery achieved in this technique were similar to results of tang et al (Tang et al., 2007). 

Table 4.8.b: Percentage recovery of CsA 
 

Spiked drug Conc  Conc detected % Recovery 

10 ng.mL-1 9.71 97.1 

1.5 µg.mL-1 1.43 95.3 

2 µg.mL-1 1.93 96.5 

4.5.1.2.5. Stability 

This assessment was performed to evaluate the stability of CsA in stock solutions. CsA was 

found stable for the entire duration of the experiment. Two Conc of CsA 0.1 and 2 µgm / ml 

were designated for freezing & thawing stability as presented in table 4.8.b. The %CV values 

of CsA Conc 0.1 and 2 µgm / ml after three cycles were 1.258 and 0.7365 respectively. So 

the stability results demonstrated no significant degradation of drug occurred on freezing and 

thawing. 

Three dissimilar CsA Concs of 0.1, 1.5 and 2 µgm / ml were evaluated after 1st week,  2nd , 

3rd and 4th week as presented in table 4.8.c. Mean Conc of CsA 0.1, 1.5 and 2 µgm / ml after 

four weeks was found 0.096. 1.472 and 1.965 respectively. The %CV of CsA was less than 

3% in all three Concs after four weeks. So it is concluded that CsA is remained intact at -20 

°C for up to 4 weeks. These results were according to the other reported studies of CsA 

(Aljohani et al., 2017; Malaekeh-Nikouei et al., 2011). 

Table 4.8.c:  Freeze thaw stability of CsA 

Concentrations 

of CsA      

(µgm / ml) 

Day 2 

(Cycle 1) 

Day 4 

(Cycle 2) 

Day 6 

(Cycle 3) 

Mean SD %CV 

(µgm / ml) (µgm / 

ml) 

(µgm / ml)    

0.1 0.0986 0.0982 0.0963 0.0977 0.0012 1.258 

2 1.99 1.983 1.962 1.978333 0.0146 0.7365 
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Table 4.8.d:  Long term stability of CsA 

Sr No Concentration 

(µgm) 

1st 

Week  

2nd 

Week  

3rd 

Week  

4th 

Week  

Mean S.D % 

C.V 

1 0.1 0.098 0.097 0.096 0.094 0.096 0.0017 1.774 

2 1.5 1.49 1.48 1.47 1.45 1.472 0.0171 1.159 

3 2 1.98 1.98 1.96 1.94 1.965 0.0192 0.974 

 

4.5.1.2.6. Robustness   

The deliberate slight variations of rate of flow, composition of mobile phase and temperature 

of column had no significant influence on the shape and area of peaks. The results of 

robustness are presented in Table 4.8.d. The results demonstrated that the resolution of peaks 

was more sensitive to temperature of column than to variations in other conditions.   

        Table 4.8.e:  Results for robustness 

Sr No Factor Level Mean area* % RSD 

1 Flow rate (ml/min) 1.2 ml/min 5430 0.1 

  1.4 ml /min 5430 0.1 

2 Mobile phase ratio 28:72 5782 0.2 

  25:70 5647 0.3 

3 Column temperature 65 °C 4863 0.6 

  60 °C 4751 0.7 

       *Mean of three determinations. 

 

4.6. Thermal analysis 

Pure raw ingredients, physical mixtures and formulations of niosomes were analyzed through 

thermal analysis. In figure 4.17 DSC thermograms of cholesterol, tween 60, cetyl pyridinium 

chloride, CsA, Span 60 and span 80 are presented. In figure 4.18 DSC thermograms of 

physical mixture 1 & 2 (PM1) & (PM2) and niosomal formulations F1, F2 & F3 are presented. 

In figure 4.19 DSC thermograms of span 20, brij 35, physical mixture 3 (PM3) and physical 

mixture 4 (PM4) are demonstrated. And in figure no 4.20 DSC thermograms of niosomal 

formulations F7, F8, F9, F10 and F11 are presented. 
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Figure 4.17: DSC thermograms of cholesterol (Cho), Tween 60 (T 60), cetyl pyridinium 

chloride (Cpc), cyclosporine A (CsA), Span 60z(S 60), Span 80z(S 80). 

 

Figure 4.18: DSC thermograms of physical mixture 1 & 2 (PM1) & (PM2) and niosomal 

formulations (F1), (F2) & (F3). 
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Figure 4.19: DSC thermograms of Span 20, Brij 35, physical mixture 3 (PM3) and physical 

mixture 4 (PM4). 
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Figure 4.20: DSC thermograms of niosomal formulations (F7), (F8), (F9), (F10) & (F11). 
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DSC thermograms of Cho, CsA and span 60 depicted the peculiar endothermic melting peaks 

at 148, 150 and at 52 °C respectively, which showed their crystalline nature. The DSC 

thermograms of physical mixtures and  F1-F3 and F7-F11 showed the melting range of 

ingredients and CsA (Jain et al., 2011; Zaki et al., 2014). The outcomes of DSC exhibited 

that among the active and inactive ingredient used in this niosomal formulation there is no 

significant interaction (Lakshmana Prabu et al., 2009). DSC thermograms of niosomal 

formulations presented a broadened endothermic peak which showed improved solubility and 

dissolution and the sustained release nature of formulations (Deb et al., 2015).  

4.7. Stability studies of niosomal formulations  

For stability studies at the end of each month the vesicle size and zeta potential of CsA niosomes 

was evaluated for the duration of 03 months. The results demonstrated, slight change in vesicle 

size and zeta potential with time. The change in size of vesicles was relatively higher at 25°C 

than 4°C as presented in table 4.9 and 4.10. This is a sign of temperature effect on niosomal 

preparations. This may be due to the merging of surfactant vesicles occur due to molecular  

movements with the passage of time (Biswal et al., 2008). In current investigation niosomes 

were formulated with dissimilar molar proportion of surfactants and Cho. In niosomal 

formulations Cho has been used to enhance stability. Furthermore the addition of Cho in 

niosomes results in a compact packing (Balakrishnan et al., 2009). In general all preparation 

were found stable. In addition no flocculation, creaming or sedimentation was detected for 

the duration of stability studies. 

For stability studies of the CsA loaded niosomes the entrapment efficiency was also 

evaluated at the termination of each month for the duration of three months. For stability 

studies the % Entrapment Efficiency of niosomal formulationnF1-F11 were determined at 

temperature 4-8 °C and at temperature 25±2 °C at 0, 1, 2 and 3 months interval and presented 

in table 4.11 and 4.12 respectively. 

The percentage entrapment of selected niosomal formulation F2   was decreased from 77.28 to 

76.97 % and in F10 formulation it is decreased from 87.51 to 86.93 % at 4°C. Similarly at 

25°C % Entrapment Efficiency of selected niosomal formulation F2   was decreased from 

77.28 to 76.27 % and in F10 formulation it is decreased from 87.51 to 86.39 %. In the current 

study the capability of niosomal vesicles to maintain the entrapment efficacy is in good 

agreement of the preceding studies (J in  et  al . ,  2013 ) . It was further concluded that at 
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refrigerated temperature 4-8 °C the amount of drug retained in niosomes was greater than at 

25°C. Visual examination shows no significant color change after three months in 

formulations at 4-8 °C, but at 25°C the color of formulation slightly fades or becomes a bit 

light yellow. So these niosomes can be an effective formulation with good stability but it is 

better to store them at 4-8 °C. In stability studies of CsA leakage at high temperature was 

may be due to high flexibility of lipid bilayers (Nadzir et al., 2017). 

 

 

 

 

 

 



  

87 

 

 

Table 4.9: Change in vesicle size, PDI and zeta potential of niosomal formulations F1 - F11 at temperature 4-8 °C in three months. 

 

Formulations 

code 

0 time One month Two month Three month 

Size (nm) PDI 
Zeta 

potential 

(mV) 

Size 

(nm) 
PDI 

Zeta 

potential 

(mV) 

Size 

(nm) 
PDI 

Zeta 

potential 

(mV) 

Size 

(nm) 
PDI 

Zeta 

potential 

(mV) 

F1 436.1  ± 

0.141 

0.451 ± 

0.03 

23.8 ± 2.4 443.3  ± 

0.262 

0.452 ± 

0.053 

23.5 ± 2.2 449.6  ± 

0.283 

0.481 ± 

0.078 

22.8 ± 3.5 479.4  ± 

0.345 

0.514 ± 

0.131 

22.3 ± 4.6 

F2 1049.3 ± 

0.118 

0.435 ± 

0.15 

32.1 ± 2.5 1057.4  

±0.346 

0.437 ± 

0.167 

31.6 ± 2.4 1064.2  

± 0.372 

0.458 ± 

0.175 

31.2 ± 1.6 1082.5  

± 0.434 

0.472 ± 

0.238 

30.7 ± 2.8 

F3 534.7    ± 

0.216 

0.471 ± 

0.08 

25.7 ± 2.7 539.5   ± 

0.245 

0.473 ± 

0.075 

25.3 ± 2.5 546.4   ± 

0.278 

0.494 ± 

0.117 

24.6 ± 2.7 563.6   ± 

0.326 

0.541 ± 

0.263 

23.5 ± 3.6 

F4 415.2   ± 

0.312 

0.356 ± 

0.11 

24.3 ± 1.6 421.6   ± 

0.370 

0.356 ± 

0.241 

24.1 ± 1.4 432.7   ± 

0.392 

0.462 ± 

0.372 

23.3 ± 1.8 467.3   ± 

0.468 

0.513 ± 

0.385 

22.4 ± 2.5 

F5 424.1   ± 

0.186 

0.481 ± 

0.17 

30.7 ± 3.6 433.2×   

0.297 

0.483 ± 

0.256 

30.4 ± 3.5 441.4×   

± 0.321 

0.514 ± 

0.279 

29.3 ± 2.8 476.4×   

± 0.388 

0.573 ± 

0.346 

28.6 ± 3.4 

F6 673.8  ± 

0.137 

0.572 ± 

0.21 

26.4 ± 2.5 678.4   ± 

0.468 

0.575 ± 

0.264 

26.2 ± 2.4 691.7   ± 

0.482 

0.592 ± 

0.274 

25.9 ± 2.7 734.2   ± 

0.534 

0.657 ± 

0.326 

24.8 ± 2.6 

             

F7 525.6 ±  

6.24 

0.365 

±0.032 

26.2 ± 3.6 531.4 ±  

5.46 

0.365 

±0.036 

25.8 ± 3.7 542.3 ±  

4.74 

0.391 

±0.039 

24.7 ± 2.4 574.1 ±  

6.48 

0.447 

±0.046 

23.5 ± 4.3 

F8 427.1 ±  

4.56 

0.259 

±0.021 

30.7 ± 2.8 434.4 ±  

5.42 

0.262 

±0.023 

30.5 ± 2.6 445.6 ±  

6.82 

0.352 

±0.026 

29.64 ± 3.5 469.2 ±  

6.31 

0.471 

±0.037 

28.45 ± 3.7 

F9 972.3 ±  

4.18 

0.392 

±0.09 

28.5 ± 3.2 981.6 ±  

4.79 

0.394 

±0.074 

28.2 ± 3.1 985.2 ±  

3.77 

0.415 

±0.082 

27.4 ± 2.8 994.5 ±  

4.68 

0.581 

±0.087 

26.8 ± 3.9 

F10 562.5 ± 2.35 0.321 

±0.043 

35.2 ± 2.3 567.3 ± 

2.64 

0.321 

±0.047 

34.7 ± 2.4 574.5 ± 

3.76 

0.362 

±0.043 

34.3 ± 2.1 586.3 ± 

4.58 

0.452 

±0.046 

33.6 ± 2.8 

F11 867.9 ± 3.88 0.497 

±0.033 

31.6 ±2.1 872.6 ± 

4.66 

0.499 

±0.044 

31.2 ±2.4 883.1 ± 

4.88 

0.524 

±0.054 

30.81±2.7 892.7 ± 

5.26 

0.647 

±0.065 

29.72±3.4 

Data demonstrated mean ±SD (n=3). The alteration in size, PDI and zeta potential were insignificant (p>0.05) 
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Table 4.10: Change in size, PDI and zeta potential of preparations F1- F11 at temperature 25±2°C in three months. 

Formulations 

code 

0 time One month Two month Three month 

Size (nm) PDI 

Zeta 

potential 

(mV) 

Size 

(nm) 
PDI 

Zeta 

potential 

(mV) 

Size 

(nm) 
PDI 

Zeta 

potential 

(mV) 

Size 

(nm) 
PDI 

Zeta 

potential 

(mV) 

F1 436.1  ± 

0.141 

0.451 ± 

0.04 

23.8 ± 2.4 449.5  ± 

0.267 

0.482 ± 

0.053 

23.2 ± 2.6 458.9  ± 

0.323 

0.532 ± 

0.06 

22.4 ± 3.8 487.5  ± 

0.469 

0.564 ± 

0.08 

21.6 ± 4.3 

F2 1049.3 ± 

0.118 

0.435 ± 

0.15 

32.1 ± 2.5 1063.6  

± 0.218 

0.457 ± 

0.17 

31.2 ± 3.64 1069.6  

± 0.383 

0.489 ± 

0.19 

30.5 ± 2.4 1091.7  

± 0.415 

0.543 ± 

0.21 

30.1 ± 3.3 

F3 534.7    ± 

0.216 

0.471 ± 

0.06 

25.7 ± 2.7 545.2   ± 

0.267 

0.485 ± 

0.08 

24.8 ± 2.9 552.5   ± 

0.337 

0.527 ± 

0.07 

24.1 ± 2.63 574.4   ± 

0.469 

0.574 ± 

0.062 

22.7 ± 4.7 

F4 415.2   ± 

0.312 

0.356 ± 

0.11 

24.3 ± 1.6 424.8   ± 

0.354 

0.372 ± 

0.24 

23.5 ± 2.4 437.6   ± 

0.384 

0.486 ± 

0.23 

22.5 ± 2.9 475.6   ± 

0.472 

0.534 ± 

0.21 

21.8 ± 2.9 

F5 424.1   ± 

0.186 

0.481 ± 

0.17 

30.7 ± 3.6 438.4×   

± 0.246 

0.498 ± 

0.22 

29.3 ± 5.6 447.6×   

± 0.318 

0.514 ± 

0.24 

28.7 ± 3.7 484.7×   

± 0.342 

0.585 ± 

0.23 

27.2 ± 4.1 

F6 673.8  ± 

0.137 

0.572 ± 

0.21 

26.4 ± 2.5 683.2   ± 

0.268 

0.589 ± 

0.26 

25.7 ± 3.6 696.4   ± 

0.345 

0.592 ± 

0.28 

25.2 ± 2.5 756.3   ± 

0.476 

0.674 ± 

0.27 

23.5 ± 3.7 

             

F7 525.6 ±  

6.24 

0.365 

±0.032 

26.2 ± 3.6 537.6 ±  

4.76 

0.451 

±0.038 

25.2 ± 3.9 553.6 ±  

3.47 

0.472 

±0.043 

24.3 ± 4.2 593.4 ±  

5.47 

0.522 

±0.054 

22.6 ± 4.7 

F8 427.1 ±  

4.56 

0.259 

±0.021 

30.7 ± 2.8 442.5 ±  

6.47 

0.275 

±0.031 

30.1 ± 2.8 495.1 ±  

5.24 

0.365 

±0.038 

29.47 ± 3.3 481.6 ±  

6.67 

0.443 

±0.039 

28.14 ± 3.2 

F9 972.3 ±  

4.18 

0.392 

±0.09 

28.5 ± 3.2 988.4 ±  

4.92 

0.426 

±0.06 

27.6 ± 4.2 998.9 ±  

4.72 

0.447 

±0.082 

27.1 ± 3.6 1023.6 

±  5.81 

0.477 

±0.086 

25.7 ± 3.5 

F10 562.5 ± 2.35 0.321 

±0.043 

35.2 ± 2.3 578.2 ± 

3.45 

0.346 

±0.047 

34.5 ± 3.7 582.6 ± 

4.72 

0.373 

±0.055 

34.1 ± 2.4 593.6 ± 

5.87 

0.472 

±0.071 

32.7 ± 2.9 

F11 867.9 ± 3.88 0.497 

±0.033 

31.6 ±2.1 884.5 ± 

5.16 

0.534 

±0.046 

30.4 ±2.8 897.4 ± 

5.85 

0.541 

±0.052 

30.64±5.1 912.4 ± 

5.336 

0.687± 

0.081 

29.36±3.8 

Data demonstrated mean ±SD (n=3). The mean changes in size, PDI and zeta potential were insignificant (p>0.05) 
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Table 4.11: % Entrapment Efficiency of niosomal formulations F1- F11 at temperature 4-8 °C. 

 

Temperature 4-8 °C 

Sr No Month % Entrapment Efficiency 

  F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 

1 0 26.88 77.28 52.08 63.84 56.12 43.68 52.73 63.28 46.34 87.51 73.82 

2 1 26.65 77.06 51.93 63.66 55.91 43.36 52.65 63.05 46.17 87.38 73.54 

3 2 26.33 76.97 51.82 63.52 55.78 43.28 52.37 62.96 46.03 87.12 73.45 

4 3 26.28 76.86 51.57 63.41 55.57 43.10 52.19 62.81 45.87 86.93 73.27 

 

Table 4.12: % Entrapment Efficiency of niosomal formulations F1-F11 at temperature 25±2°C. 

 

Temperature 4-8 °C 

Sr No Month % Entrapment Efficiency 

  F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 

1 0 26.88 77.28 52.08 63.84 56.12 43.68 52.73 63.28 46.34 87.51 73.82 

2 1 26.47 77.03 51.84 63.39 55.65 43.21 52.31 62.94 46.07 87.28 73.46 

3 2 26.21 76.87 51.42 63.11 55.32 42.83 51.95 62.53 45.72 87.02 73.15 

4 3 25.98 76.27 51.03 62.89 55.02 42.38 51.62 62.04 45.25 86.39 72.68 
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4.8. In vitro drug release studies 

Dissolution studies of CsA from niosomal formulation F1- F6 and drug aqueous suspension were 

evaluated in phosphate buffer saline solutions at two different pH 1.2 and 7.4 and presented in 

Figure 4.21 and 4.22 respectively. 

 

Figure 4.21: Drug release profiles of niosomal prepartions F1- F6 and drug aqueous suspension 

at pH 1.2. 

Figure 4.22:  Drug release profiles of niosomal preparations F1-F6 and drug aqueous suspension 

at pH 7.4. 
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CsA release data was acquired by formulations F7, F8, F9, F10, and F11 and drug aqueous 

suspension in phosphate buffer saline solutions at two different pH 1.2 and 7.4 are presented in 

Figure No 4.23 and 4.24 respectively. 

 

Figure 4.23: Drug release profiles of preparations F7- F11 and drug aqueous suspension at pH 

1.2. 

 

Figure 4.24:  Drug release profiles of preparations F7- F11 and drug aqueous suspension at pH 

7.4. 
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For all niosomal formulations the percentage drug release was significantly higher as associated 

to CsA plain dispersion at pH 1.2 and 7.4 as presented in Figure 4.21, 4.22, 4.23 and 4.24. This 

shows the solubilization effect of CsA in the surfactant vesicles, which in turn augmented the 

release of drug. Dissolution profile was improved in all the formulations. Percentage drug 

released at pH 1.2 in 24 hours by F1-F6 was 62%, 83%, 76%, 87%, 89% and 68% respectively. 

And percentage drug released at pH 7.4 in 24 hours by F1-F6 was 47%, 66%, 62%, 69%, 72% 

and 54% respectively.  

At pH 1.2 the percentage drug released in 24 hours by F7-F11 was 82%, 87%, 91%, 71% and 76% 

respectively. And percentage drug released at pH 7.4 in 24 hours by F7-F11 was 63%, 67%, 73%, 

53% and 60% respectively.  

In vitro release showed sustaine release behavior in all formulations (F 1 – F11). At low pH 1.2 the 

cumulative drug release was greater as compare to at pH 7.4, this may be owing to effect of pH 

on release of CsA. Similar results were achievd in in vitro release of diacerin niosomal vesicles 

(Khan et al., 2016) and niosomal formulations for prolonged delivery of clarithromycin 

(Shilakari Asthana et al., 2016). So the results of release study demonstrated that formulated 

niosomal vesicles are competitive candidates for increasing the solubility of CsA and can result 

in improved bioavailability.  

4.8.1. Release kinetic behaviour  

The data of in vitro release was applied to distinct kinetic models to forecast the mechanism of 

release of active pharmaceutical ingredient from niosomal formulations. From the slope of 

suitable plots the constant of release and regression coefficient (r2) were evaluated. The data of 

release studies of niosomal preparations at pHH1.2 and 7.4 was fitted into zero order, first order, 

Higuchi model and Korsemeyer Peppas model. Kinetic modeling of data of formulation F1 to F6 

at pH 1.2 and pH 7.4 is presented in table 4.13.a and 4.13.b respectively, and data of 

formulations F7 to F11 at pH 1.2 and pH 7.4 is presented in table 4.14.a and 4.14.b respectively. 

In the current study all formulations revealed raised R2 values for zero order kinetic model as 

associated to first order. The results demonstrated that all preparations were best described by 

zero order (plots display maximum linearity). So these preparations follow zero order and can 

release active ingredient in sustained manner. The dosage forms which follow zero order kinetics 

release equal quantity of active pharmaceutical agent by unit of time and it is supreme technique 

of drug release to attain a delayed effect (Costa & Lobo, 2001).  
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The data of in vitro release demonstrated that the release of CsA from all niosomal preparations 

is most fitted to model of higuchi which is diffusion-controlled mechanism. So high R2 values 

were detected in the higuchi plots, and the drug release was very close to Higuchi kinetics in all 

preparations. So the drug diffuses at a slower rate as the distance for diffusion increases, referred 

to the square root kinetics. These findings are consistent with niosomes of metoprolol. In which 

the data of  in vitro release exhibited that the release of metoprolol from niosomal dispersion and  

film was best fitted to model of higuchi  (Allam & Fetih, 2016). 

The model of korsemeyer–Peppas was applied to all preparations and n value was determined. It 

indicated a good linearity for all the preparations.  For F1 to F6 the values of exponent of release 

(n) were found in the range of 0.3731 to 0.601. The n value of selected niosomal formulation F2 

at pH 1.2 and 7.4 is 0.3731 and 0.3901 respectively. So as this n value is less than 0.5 indicating 

that drug transport mechanism is through fickian diffusion (Costa & Lobo, 2001). 

For niosomal formulations F7 to F11 the values of ‘n’ were in the range of 0.531 to 0.821. In 

these formulations the release exponent (n) suggests drug transport mechanism is non-fickian 

(anomalous). The R2 value for selected niosomal formulation F10 is comparatively high for 

higuchi equation. The n value of selected niosomal formulation F10 at pH 1.2 and 7.4 is 0.531 

and 0.562 respectively, so the drug transport mechanism is through anomalous tranport which 

depicts a coupling of erosion and diffusion mechanisms. These findings were parallel to release 

kinetics modeling of niosomes of tenofovir disoproxil fumarate. The Korsmeyer-Peppas model 

exhibited good linearity for all preparations. The exponent of release ‘n’ was found in the range 

of 0.45 to 0.89, which is indicates mostly anomalous release mechanism (Kamboj et al., 2014). 

The Korsmeyer-Peppas models values of release exponent (n) established in our research were 

similar with niosomal preparation of acelofenac. In this niosomal formulation of acelofenac 

follows model of korsmeyer-peppas. The ‘n’ value was found in range of 0.60 to 0.79 which also 

indicates that release is non fickian (anomalous) i.e. combination of erosion and diffusion (B. 

Diva & Naganjaneyulu, 2014). Similarly in the proniosomes of risperidone the n value was 

found to be 0.7751 which also exhibited anomalous  release of drug (Sambhakar et al., 2017). 
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Table 4.13.a: Drug release data & Kinetic modeling of formulations F1- F6 at pH 1.2. 

  

Formulations Zero order First order 
Higuchi 

equation 
Korsemeyer- Peppas 

 R 2 R 2 R 2 R 2 N 

F1 0.888 0.526 0.9866 0.9898 0.5046 

F2 0.7529 0.3874 0.9236 0.9287 0.3731 

F3 0.8194 0.4657 0.9582 0.9572 0.4667 

F4 0.779 0.4171 0.9375 0.9349 0.436 

F5 0.796 0.432 0.9469 0.9489 0.4498 

F6 0.8609 0.4597 0.9788 0.989 0.4413 

 

 

Table 4.13.b: Drug release data & Kinetic modeling of formulationsnF1-F6 at pH 7.4. 

  

Formulations Zero order First order Higuchi equation Korsemeyer- Peppas 

 R 2 R 2 R 2 R 2 N 

F1 0.8908 0.5829 0.9836 0.9845 0.5591 

F2 0.7862 0.3959 0.944 0.9673 0.3901 

F3 0.8651 0.5232 0.9748 0.9818 0.5014 

F4 0.8079 0.4611 0.9518 0.9639 0.4554 

F5 0.8368 0.4928 0.9626 0.969 0.4796 

F6 0.8799 0.515 0.9839 0.9889 0.4702 
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Table 4.14.a: Drug release data & kinetic modeling of formulations F7- F11 at pH 1.2.  

 

Formulations Zero order First order 
Higuchi 

equation 
Korsemeyer- Peppas 

 R 2 R 2 R 2 R 2 N 

F7 0.9379 0.55 0.9843 0.9799 0.618 

F8 0.9337 0.525 0.9854 0.9857 0.642 

F9 0.9344 0.5199 0.9901 0.9909 0.783 

F10 0.9315 0.541 0.9739 0.9781 0.531 

F11 0.9378 0.5333 0.9846 0.9834 0.574 

 

 

 

Table 4.14.b: Drug release data & kinetic modeling of formulations F7- F11 at pH 7.4.  

 

Formulations Zero order First order Higuchi equation Korsemeyer- Peppas 

 R 2 R 2 R 2 R 2 N 

F7 0.9218 0.5828 0.9888 0.9866 0.635 

F8 0.9218 0.572 0.9878 0.9874 0.687 

F9 0.9249 0.5683 0.9934 0.9913 0.821 

F10 0.8565 0.4606 0.9768 0.9909 0.562 

F11 0.8848 0.4942 0.986 0.9833 0.593 
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4.9. In-vivo study  

This study was conducted in 03 groups of rabbits (n=8). The dose of CsA administerd was 10 mg 

/ kg. CsA aqueous dispersion (CAD) was administered to Group 1 (C1, C2, C3, C4, C5, C6, C7, 

C8). Two selected niosomal formulations F2 and F10 were administered to group 2 (S1, S2, S3, S4, 

S5, S6, S7, S8 ) and group 3 (R1, R2, R3, R4, R5, R6, R7, R8 ) respectively.  

 

4.9.1. Blood drug Conc-time profile and pharmacokinetic assessment of CAD. 

The blood drug Conc-time profiles of CAD are given in table 4.15 to table 4.22 and graphically 

presented in figure 4.25 to 4.32.  The mean of blood Conc of CsA in eight rabbits are given in 

table no 4.23 and graphically shown in figure no 4.33.  
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Table 4.15: Blood Conc of CsA in C1 afterwards administration of CAD 

 

Sr No Time  Conc  

1 0 0 

2 0.5 311.41 

3 0.75 618.63 

4 1 1112.26 

5 1.5 839.35 

6 2 642.12 

7 2.5 547.23 

8 3 449.27 

9 4 376.43 

10 6 331.21 

11 8 242.46 

12 12 40.36 

13 24 21.47 

 

 

Figure 4.25: Blood Conc versus time plot of CsA administered as CAD in C1. 
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Table 4.16: Blood Conc of CsA in C2 afterwards administration of CAD. 

 

Sr No Time  Conc  

1 0 0 

2 0.5 506.87 

3 0.75 813.16 

4 1 1131.74 

5 1.5 1192.53 

6 2 837.72 

7 2.5 722.17 

8 3 624.44 

9 4 571.35 

10 6 481.69 

11 8 352.23 

12 12 64.18 

13 24 25.28 

 

 

Figure 4.26: Blood Conc versus time plot of CsA administered as CAD in C2. 
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Table 4.17: Blood Conc of CsA in C3 afterwards administration of CAD. 

 

Sr No Time  Conc  

1 0 0 

2 0.5 531.39 

3 0.75 788.47 

4 1 1127.62 

5 1.5 1039.75 

6 2 852.24 

7 2.5 747.18 

8 3 649.39 

9 4 556.22 

10 6 451.51 

11 8 367.32 

12 12 57.41 

13 24 23.12 

 

 

Figure 4.27: Blood Conc versus time plot of CsA administered as CAD in C3. 
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Table 4.18: Blood Conc of CsA in C4 afterwards administration of CAD. 

 

Sr No Time  Conc  

1 0 0 

2 0.5 396.45 

3 0.75 1052.51 

4 1 1128.96 

5 1.5 944.84 

6 2 727.28 

7 2.5 612.82 

8 3 564.67 

9 4 471.25 

10 6 366.31 

11 8 282.92 

12 12 33.52 

13 24 0 

 

 

Figure 4.28: Blood Conc versus time plot of CsA administered as CAD in C4. 
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Table No 4.19: Blood Conc of CsA in C5 afterwards administration of CAD. 

 

Sr No Time  Conc  

1 0 0 

2 0.5 361.68 

3 0.75 628.29 

4 1 1127.36 

5 1.5 919.18 

6 2 702.35 

7 2.5 577.89 

8 3 496.74 

9 4 436.62 

10 6 366.47 

11 8 277.38 

12 12 47.62 

13 24 18.23 

 

 

Figure 4.29: Blood Conc versus time plot of CsA administered as CAD in C5. 
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Table 4.20: Blood Conc of CsA in C6 afterwards administration of CAD. 

 

Sr No Time  Conc  

1 0 0 

2 0.5 549.56 

3 0.75 885.17 

4 1 1097.24 

5 1.5 1147.35 

6 2 880.14 

7 2.5 745.27 

8 3 667.78 

9 4 519.69 

10 6 449.28 

11 8 360.14 

12 12 68.25 

13 24 23.39 

 

 

Figure 4.30: Blood Conc versus time plot of CsA administered as CAD in C6. 
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Table 4.21: Blood Conc of CsA in C7 afterwards administration of CAD. 

 

Sr No Time  Conc  

1 0 0 

2 0.5 315.32 

3 0.75 972.43 

4 1 878.66 

5 1.5 765.42 

6 2 617.14 

7 2.5 502.56 

8 3 454.29 

9 4 371.48 

10 6 306.34 

11 8 237.13 

12 12 36.44 

13 24 0 

 

 

Figure 4.31: Blood Conc versus time plot of CsA administered as CAD in C7. 
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Table 4.22: Blood Conc of CsA in C8 afterwards administration of CAD. 

 

Sr No Time  Conc  

1 0 0 

2 0.5 428.46 

3 0.75 764.32 

4 1 987.14 

5 1.5 1032.84 

6 2 745.92 

7 2.5 630.37 

8 3 566.19 

9 4 493.24 

10 6 398.37 

11 8 309.21 

12 12 71.21 

13 24 29.26 

 

 

Figure 4.32: Blood Conc versus time plot of CsA administered as CAD in C8. 
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Table 4.23: Blood Conc of CsA afterwards administration of CAD in eight rabbits of group 1 (Control). 

 

Sr 

No 

Time 

(Hrs) 

Blood Conc of CsA in rabbits (ng / ml) Mean (n=8) ± SD     

(ng / ml) C1            C2               C3            C4            C5              C6               C7            C8               

1 0 0 0 0 0 0 0 0 0 0 ± 0 

2 0.5 311.41 506.87 531.39 396.45 361.68 549.56 315.32 428.46 425.1425 ± 95.09 

3 0.75 618.63 813.16 788.47 1052.51 628.29 885.17 972.43 764.32 815.3725 ± 152.51 

4 1 1112.26 1131.74 1127.62 1128.96 1127.36 1097.24 878.66 987.14 1073.87 ± 92.41  

5 1.5 839.35 1192.53 1039.75 944.84 919.18 1147.35 765.42 1032.84 985.1575 ± 146.42 

6 2 642.12 837.72 852.24 727.28 702.35 880.14 617.14 745.92 750.6138 ± 97.96 

7 2.5 547.23 722.17 747.18 612.82 577.89 745.27 502.56 630.37 635.6863 ± 93.62 

8 3 449.27 624.44 649.39 564.67 496.74 667.78 454.29 566.19 559.0963 ± 85.56 

9 4 376.43 571.35 556.22 471.25 436.62 519.69 371.48 493.24 474.535   ± 75.71 

10 6 331.21 481.69 451.51 366.31 366.47 449.28 306.34 398.37 393.8975 ± 62.36 

11 8 242.46 352.23 367.32 282.92 277.38 360.14 237.13 309.21 303.5988 ± 51.87 

12 12 40.36 64.18 57.41 33.52 47.62 68.25 36.44 71.21 52.37375 ± 14.87 

13 24 21.47 25.28 23.12 0 18.23 23.39 0 29.26 17.59375 ± 11.29 
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Figure 4.33: Mean blood Conc of CsA versus plot of time, administered as CAD in eight rabbits 

of Group 1 (C1 to C8).  
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Table 4.24: Mean pharmacokinetic parameters of CsA afterwards administration of CAD in 08 rabbits of group 1. 

Sr 

No 

Pharmacokinetic 

parameters 

Rabbits Mean (n=8) ± SD 

C1 C2 C3 C4 C5 C6 C7 C8 

1 
Cmax (ng.mL-1) 1112.26 1192.53 1127.62 1128.96 1127.36 1147.35 972.43 1032.84 1073.87 ± 69.56 

2 
Tmax (hrs) 1 1.5 1 1 1 1.5 0.75 1.5 1.15625 ± 0.296 

3 AUC 0-t 

(ng/ml*hrs) 4445.981 6204.524 6063.184 4756.424 4898.078 6170.913 3928.298 5560.608 
5253.501 ± 868.30 

4 AUC 0-inf_obs 

(ng/ml*hrs) 4569.934 6351.537 6193.387 4877.187 4998.667 6304.91 4070.48 5751.965 
5389.758 ± 875.69 

5 
AUC 0-t/0-inf_obs 0.972877 0.976854 0.978977 0.975239 0.979877 0.978747 0.96507 0.966732 0.974297 ± 0.0057 

6 AUMC 0-inf_obs 

(ng/ml*hrs^2) 26266.86 36558.47 34967.38 20869.51 27680.43 35911.82 18144.11 36230.81 
29578.67 ± 7399.67 

7 
MRT 0-inf_obs (hrs) 5.747755 5.755847 5.645922 4.279005 5.537562 5.695851 4.457486 6.298859 

5.427286 ± 0.6929 

8 Vz/F_obs 

(mg/kg)/(ng/ml) 0.012633 0.009156 0.009093 0.007387 0.011038 0.009086 0.009586 0.01137 
0.009919 ± 0.0016 

9 
t1/2 (hrs) 4.001737 4.030914 3.903546 2.497227 3.824629 3.970921 2.704538 4.533107 3.683 ± 0.70309 

10 
Lambda_z (1/hrs) 0.173212 0.171958 0.177569 0.277567 0.181233 0.174556 0.25629 0.152908 0.195661 ± 0.0451 

11 
Clast_obs/Cmax 0.019303 0.021199 0.020503 0.029691 0.016171 0.020386 0.037473 0.02833 0.02413 ± 0.00706 

12 Cl/F_obs 

(mg/kg)/(ng/ml)/hrs 
0.002188 0.001574 0.001615 0.00205 0.002001 0.001586 0.002457 0.001739 0.0019 ± 0.000325 
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4.9.1.1. Pharmacokinetic parameters of CAD. 

Pharmacokinetic parameters of CAD were evaluated in 08 rabbits of group 1. After processing 

blood samples blood Conc of CsA versus time graphs were made. Then by using this data in PK 

Solver software pharmacokinetic parameters were calculated. The mean of pharmacokinetic 

parameters for CAD are presented in Table 4.24. 

 

4.9.2. Blood drug Conc-time profile and pharmacokinetic assessment of selected 

preparations (F2 and F10) 

 

4.9.2.1. Blood drug Conc-time profile and pharmacokinetic assessment of selected 

preparation niosmal preparation F2 

Selected niosomal preparation F2 was administered orally to eight rabbits of group 2.  Single 

dose (10 mg/kg) was administered. Then the blood levels of CsA at different time intervals was 

determined and demonstrated in Table 4.25 to 4.32.  

The graphical representations of blood drug Conc versus time outlines are presented in figure 

4.34 to 4.41. The mean of blood Conc of CsA in eight rabbits (S1-S8) are demonstrated in table 

no 4.33 and graphically presented in figure 4.42.  
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Table 4.25: Blood Conc of CsA in S1 afterwards administration of F2 

 

Sr No Time  Conc  

1 0 0 

2 0.5 266.24 

3 0.75 489.16 

4 1 738.67 

5 1.5 1381.34 

6 2 1341.86 

7 2.5 1299.41 

8 3 1211.38 

9 4 1056.47 

10 6 968.84 

11 8 753.65 

12 12 287.13 

13 24 127.76 

 

 

Figure 4.34: Blood Conc versus time plot of CsA, afterwards administration of F2 to S1. 
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Table 4.26: Blood Conc of CsA in S2 afterwards administration of F2 

 

Sr No Time  Conc  

1 0 0 

2 0.5 286.82 

3 0.75 504.56 

4 1 733.28 

5 1.5 1371.24 

6 2 1329.88 

7 2.5 1290.92 

8 3 1179.47 

9 4 1081.33 

10 6 983.45 

11 8 778.12 

12 12 312.42 

13 24 131.22 

 

 

Figure 4.35: Blood Conc versus time plot of CsA, afterwards administration of F2 to S2. 
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Table 4.27: Blood Conc of CsA in S3 afterwards administration of F2 

 

Sr No Time  Conc 

1 0 0 

2 0.5 411.15 

3 0.75 659.96 

4 1 938.59 

5 1.5 1170.62 

6 2 1386.24 

7 2.5 1635.47 

8 3 1519.18 

9 4 1286.29 

10 6 1178.35 

11 8 963.78 

12 12 365.34 

13 24 163.45 

 

 

Figure 4.36: Blood Conc versus time plot of CsA, afterwards administration of F2 to S3. 
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Table 4.28: Blood Conc of CsA in S4 afterwards administration of F2 

 

Sr No Time  Conc  

1 0 0 

2 0.5 356.31 

3 0.75 589.64 

4 1 838.73 

5 1.5 1135.28 

6 2 1287.13 

7 2.5 1605.48 

8 3 1409.39 

9 4 1186.42 

10 6 1028.85 

11 8 883.73 

12 12 353.51 

13 24 171.47 

 

 

Figure 4.37: Blood Conc versus time plot of CsA, afterwards administration of F2 to S4. 
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Table 4.29: Blood Conc of CsA in S5 afterwards administration of F2 

 

Sr No Time  Conc  

1 0 0 

2 0.5 282.74 

3 0.75 491.81 

4 1 700.11 

5 1.5 1122.38 

6 2 1315.57 

7 2.5 1295.74 

8 3 1206.94 

9 4 1048.5 

10 6 1009.6 

11 8 834.27 

12 12 297.84 

13 24 132.64 

 

 

Figure 4.38: Blood Conc versus time plot of CsA, afterwards administration of F2 to S5. 

 



  

114 

 

Table 4.30: Blood Conc of CsA in S6 afterwards administration of F2 

 

Sr No Time  Conc  

1 0 0 

2 0.5 411.35 

3 0.75 648.84 

4 1 927.76 

5 1.5 1314.93 

6 2 1442.18 

7 2.5 1631.24 

8 3 1483.41 

9 4 1305.72 

10 6 1168.13 

11 8 933.49 

12 12 376.18 

13 24 165.3 

 

 

Figure 4.39: Blood Conc versus time plot of CsA, afterwards administration of F2 to S6. 
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Table 4.31: Blood Conc of CsA in S7 afterwards administration of F2 

 

Sr No Time  Conc  

1 0 0 

2 0.5 330.42 

3 0.75 563.25 

4 1 812.36 

5 1.5 1234.77 

6 2 1426.14 

7 2.5 1397.38 

8 3 1338.45 

9 4 1160.26 

10 6 1072.89 

11 8 857.16 

12 12 331.34 

13 24 145.56 

 

 

Figure 4.40: Blood Conc versus time plot of CsA, afterwards administration of F2 to S7. 
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Table 4.32: Blood Conc of CsA in S8 afterwards administration of F2 

 

Sr No Time  Conc  

1 0 0 

2 0.5 386.58 

3 0.75 649.26 

4 1 898.41 

5 1.5 1130.95 

6 2 1347.69 

7 2.5 1625.13 

8 3 1449.32 

9 4 1246.25 

10 6 1118.44 

11 8 943.37 

12 12 362.11 

13 24 159.19 

 

 

Figure 4.41: Blood Conc versus time plot of CsA, afterwards administration of F2 to S8. 
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Table 4.33: Blood Conc of CsA afterwards administration of F2 in eight rabbits of group 2. 

 

Sr 

No 

Time 

(Hrs) 

Blood Conc of CsA in rabbits (ng / ml) Mean (n=8) ± SD  

(ng / ml) 
S1             S2                S3            S4            S5               S6                S7            S8               

1 0 0 0 0 0 0 0 0 0 0 ± 0 

2 0.5 266.24 286.82 411.15 356.31 282.74 411.35 330.42 386.58 341.451 ± 58.81 

3 0.75 489.16 504.56 659.96 589.64 491.81 648.84 563.25 649.26 574.56 ± 73.47 

4 1 738.67 733.28 938.59 838.73 700.11 927.76 812.36 898.41 823.489 ± 93.07 

5 1.5 1381.34 1371.24 1170.62 1135.28 1122.38 1314.93 1234.77 1130.95 1245.58 ± 129.72 

6 2 1341.86 1329.88 1386.24 1287.13 1315.57 1442.18 1426.14 1347.69 1368.21 ±56.88 

7 2.5 1299.41 1290.92 1635.47 1605.48 1295.74 1631.24 1397.38 1625.13 1498.951 ± 165. 85 

8 3 1211.38 1179.47 1519.18 1409.39 1206.94 1483.41 1338.45 1449.32 1349.69 ± 135.59 

9 4 1056.47 1081.33 1286.29 1186.42 1048.5 1305.72 1160.26 1246.25 1171.41 ± 102.55 

10 6 968.84 983.45 1178.35 1028.85 1009.6 1168.13 1072.89 1118.44 1066.07 ± 81.65 

11 8 753.65 778.12 963.78 883.73 834.27 933.49 857.16 943.37 868.446 ± 77.27 

12 12 287.13 312.42 365.34 353.51 297.84 376.18 331.34 362.11 342.677 ± 29.39 

13 24 127.76 131.22 163.45 171.47 132.64 165.3 145.56 159.19 152.69 ± 16.25 
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Figure 4.42: Mean blood Conc of CsA versus plot of time, afterwards administration of F2 to 

eight rabbits (S1 to S8). 
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Table 4.34: Mean parameters of pharmacokinetics of CsA afterwards administration of F2 in eight rabbits of group 2. 

 

Sr 

No 

Pharmacokinetic 

parameters 

Rabbits  Mean (n=8) ± SD 

S1 S2 S3 S4 S5 S6 S7 S8 

1 Cmax (ng.mL-1) 1381.34 1371.24 1635.47 1605.48 1315.57 1631.24 1426.14 1625.13 1498.951 ± 137.57 

2 Tmax (hrs) 1.5 1.5 2.5 2.5 2 2.5 2 2.5 2.125 ± 0.44 

3 AUC 0-t (ng/ml*hrs) 12265.91 12599.24 14987.59 14011.96 12536.89 15067.66 13584.07 14571.45 13703.09 ± 1135.13 

4 AUC 0-inf_obs 

(ng/ml*hrs) 13402.26 13793 16459.17 15636.04 13738.77 16571.33 14908.44 16009.93 15064.87 ± 1287.18 

5 AUC 0-t/0-inf_obs 0.915212 0.913451 0.910592 0.896132 0.912519 0.909261 0.911166 0.910151 0.90981 ± 0.0058 

6 AUMC 0-inf_obs 

(ng/ml*hrs^2) 126540.5 132412.1 160444.8 161471.8 132757.5 162290.2 144594.7 156767 147159.8 ± 14924.61 

7 MRT 0-inf_obs (hrs) 9.441728 9.599948 9.748047 10.3269 9.662984 9.793435 9.698847 9.791864 9.757969 ± 0.257 

8 Vz/F_obs 

(mg/kg)/(ng/ml) 0.006637 0.006596 0.00547 0.006057 0.006595 0.005489 0.006103 0.005644 0.006074 ± 0.00050 

9 t1/2 (hrs) 6.165154 6.305881 6.240602 6.56516 6.280761 6.305282 6.306571 6.263455 6.304108 ± 0.1157 

10 Lambda_z (1/hrs) 0.11243 0.109921 0.111071 0.10558 0.11036 0.109931 0.109909 0.110665 0.109983 ± 0.00197 

11 Clast_obs/Cmax 0.09249 0.095694 0.099941 0.106803 0.100823 0.101334 0.102066 0.097955 0.099638 ± 0.00433 

12 Cl/F_obs 

(mg/kg)/(ng/ml)/hrs 0.000746 0.000725 0.000608 0.00064 0.000728 0.000603 0.000671 0.000625 0.000668 ± 5.78E-05 
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4.9.2.1.1. Pharmacokinetic parameters of CsA in niosomal formulation F2. 

Pharmacokinetic parameters of CsA in F2 were evaluated after administration of single dose (10 

mg/kg) orally in eight rabbits of group 2. After processing blood samples blood Conc of CsA 

versus time graphs were made. Then by using this data in PK Solver software pharmacokinetic 

parameters were calculated. The average values of pharmacokinetic parameters for CsA in 

niosomal formulation F2 are demonstrated in Table 4.34. 

4.9.2.2. Blood drug Conc-time sketch and pharmacokinetic assessment of selected 

preparation F10 

Selected niosomal preparation F10 was administered orally to eight rabbits of group 3. Single 

dose (10 mg/kg) was administered. Then the Conc of CsA in blood at dissimilar time intervals 

was determined and demonstrated in Table 4.35 to 4.42. The graphical representations of blood 

drug Conc versus time sketches are presented in figure 4.43 to 4.50. The mean of blood drug 

Conc of eight rabbits (R1 - R8) are demonstrated in table 4.43 and graphically demonstrated in 

figure 4.51. 

4.9.2.2.1. Pharmacokinetic parameters of CsA in niosomal formulation F10. 

Pharmacokinetic parameters of CsA in niosomal formulation F10 were evaluated after 

administration of single dose (10 mg/kg) orally in eight rabbits of group 3. Blood drug Conc 

versus time graphs were made after processing blood samples. Then by using this data in PK 

Solver software pharmacokinetic parameters were determined. The mean of pharmacokinetic 

parameters of CsA in niosomal preparation F10 are demonstrated in Table 4.44. 
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Table 4.35: Blood Conc of CsA in R1 afterwards administration of F10. 

 

Sr No  Time  Conc  

1 0 0 

2 0.5 379.35 

3 0.75 676.46 

4 1 921.18 

5 1.5 1193.3 

6 2 1526.53 

7 2.5 2021.88 

8 3 1899.31 

9 4 1460.73 

10 6 1291.12 

11 8 976.8 

12 12 392.14 

13 24 233.47 

 

 

Figure 4.43: Blood Conc versus time plot of CsA, afterwards administration of F10 to R1. 
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Table 4.36: Blood Conc of CsA in R2 afterwards administration of F10. 

 

Sr No Time  Conc  

1 0 0 

2 0.5 324.54 

3 0.75 545.66 

4 1 781.43 

5 1.5 1113.26 

6 2 1772.38 

7 2.5 1748.23 

8 3 1656.84 

9 4 1310.41 

10 6 1141.19 

11 8 891.23 

12 12 386.35 

13 24 234.52 

 

 

Figure 4.44: Blood Conc versus time plot of CsA, afterwards administration of F10 to R2. 
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Table 4.37: Blood Conc of CsA in R3 afterwards administration of F10. 

 

Sr No Time  Conc  

1 0 0 

2 0.5 309.84 

3 0.75 539.16 

4 1 771.52 

5 1.5 1023.79 

6 2 1519.23 

7 2.5 2039.35 

8 3 1738.44 

9 4 1230.11 

10 6 1116.39 

11 8 876.75 

12 12 336.23 

13 24 185.19 

 

 

Figure 4.45: Blood Conc versus time plot of CsA, afterwards administration of F10 to R3. 
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Table 4.38: Blood Conc of CsA in R4 afterwards administration of F10. 

 

Sr No Time  Conc  

1 0 0 

2 0.5 377.37 

3 0.75 673.54 

4 1 904.28 

5 1.5 1196.14 

6 2 1507.83 

7 2.5 2036.94 

8 3 1867.38 

9 4 1303.75 

10 6 1234.41 

11 8 984.86 

12 12 350.46 

13 24 204.87 

 

 

Figure 4.46: Blood Conc versus time plot of CsA, afterwards administration of F10 to R4. 
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Table 4.39: Blood Conc of CsA in R5 afterwards administration of F10. 

 

Sr No Time  Conc  

1 0 0 

2 0.5 378.21 

3 0.75 684.47 

4 1 925.34 

5 1.5 1267.69 

6 2 1534.81 

7 2.5 2005.17 

8 3 1938.36 

9 4 1425.62 

10 6 1232.95 

11 8 996.23 

12 12 406.74 

13 24 244.45 

 

 

Figure 4.47: Blood Conc versus time plot of CsA, afterwards administration of F10 to R5. 
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Table 4.40: Blood Conc of CsA in R6 afterwards administration of F10. 

 

Sr No Time  Conc  

1 0 0 

2 0.5 331.87 

3 0.75 577.25 

4 1 788.34 

5 1.5 1080.76 

6 2 1819.15 

7 2.5 1788.37 

8 3 1639.64 

9 4 1287.45 

10 6 1118.72 

11 8 868.24 

12 12 356.21 

13 24 184.24 

 

 

Figure 4.48: Blood Conc versus time plot of CsA, afterwards administration of F10 to R6. 
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Table 4.41: Blood Conc of CsA in R7 afterwards administration of F10. 

 

Sr No Time  Conc  

1 0 0 

2 0.5 404.52 

3 0.75 680.46 

4 1 916.38 

5 1.5 1223.65 

6 2 1525.14 

7 2.5 2035.86 

8 3 1788.21 

9 4 1430.5 

10 6 1206.48 

11 8 962.53 

12 12 416.82 

13 24 214.19 

 

 

Figure 4.49: Blood Conc versus time plot of CsA, afterwards administration of F10 to R7. 
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Table 4.42: Blood Conc of CsA in R8 afterwards administration of F10. 

 

Sr No Time  Conc  

1 0 0 

2 0.5 308.72 

3 0.75 546.49 

4 1 762.84 

5 1.5 1009.28 

6 2 1623.34 

7 2.5 2016.62 

8 3 1732.26 

9 4 1316.93 

10 6 1072.33 

11 8 856.17 

12 12 326.27 

13 24 174.29 

 

 

Figure 4.50: Blood Conc versus time plot of CsA, afterwards administration of F10 to R8. 
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Table No 4.43: Blood Conc of CsA afterwards administration of F10 in eight rabbits of group 3. 

 

Sr 

No 

Time 

(Hrs) 

Blood Conc of CsA in rabbits  (ng / ml) Mean (n=8) ± SD 

(ng / ml) R1            R2              R3           R4            R5              R6              R7            R8              

1 0 0 0 0 0 0 0 0 0 0 ± 0 

2 0.5 379.35 324.54 309.84 377.37 378.21 331.87 404.52 308.72 351.803 ± 37.12 

3 0.75 676.46 545.66 539.16 673.54 684.47 577.25 680.46 546.49 615.436 ± 68.65 

4 1 921.18 781.43 771.52 904.28 925.34 788.34 916.38 762.84 846.414 ± 75.83 

5 1.5 1193.3 1113.26 1023.79 1196.14 1267.69 1080.76 1223.65 1009.28 1138.48 ± 95.69 

6 2 1526.53 1772.38 1519.23 1507.83 1534.81 1819.15 1525.14 1623.34 1603.55 ± 124.47 

7 2.5 2021.88 1748.23 2039.35 2036.94 2005.17 1788.37 2035.86 2016.62 1961.55 ± 120.31 

8 3 1899.31 1656.84 1738.44 1867.38 1938.36 1639.64 1788.21 1732.26 1782.56 ± 110.74 

9 4 1460.73 1310.41 1230.11 1303.75 1425.62 1287.45 1430.5 1316.93 1345.69 ± 82.29 

10 6 1291.12 1141.19 1116.39 1234.41 1232.95 1118.72 1206.48 1072.33 1176.70 ± 75.24 

11 8 976.8 891.23 876.75 984.86 996.23 868.24 962.53 856.17 926.601 ± 58.74 

12 12 392.14 386.35 336.23 350.46 406.74 356.21 416.82 326.27 371.403 ± 33.61 

13 24 233.47 234.52 185.19 204.87 244.45 184.24 214.19 174.29 209.403 ± 26.55 
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Figure 4.51: Mean blood Conc of CsA versus plot of time, afterwards administration of F10 to 

eight rabbits (R1 to R8). 
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Table 4.44: Mean pharmacokinetic parameters of CsA afterwards administration of F10 in eight rabbits of group 3. 

 

Sr 

No 

Pharmacokinetic 

parameters 

Rabbits  Mean (n=8) ± SD 

R1 R2 R3 R4 R5 R6 R7 R8 

1 Cmax (ng. / mL) 2021.88 1772.38 2039.35 2036.94 2005.17 1819.15 2035.86 2016.62 1968.419 ± 107.91 

2 Tmax (hrs) 2.5 2 2.5 2.5 2.5 2 2.5 2.5 2.375 ± 0.2314 

3 AUC 0-t (ng/ml*hrs) 16693.83 15530.32 14644.49 15831.92 16831.19 14866.72 16464.94 14506.74 15671.27 ± 935.36 

4 AUC 0-inf_obs 

(ng/ml*hrs) 18940.17 17920.12 16310.18 17711.47 19250.07 16546.63 18494.06 16028.71 17650.18 ± 1233.76 

5 AUC 0-t /0- inf _ obs 0.881398 0.866642 0.897874 0.893879 0.874344 0.898474 0.890282 0.905047 0.888493 ± 0.0132 

6 AUMC 0-inf_obs 

(ng/ ml * hrs^2). 204257.4 204490.8 164919.8 181459.4 213394.5 167369.9 194499.9 156800 185899 ± 21255.5 

7 MRT 0-inf_obs (hrs) 10.78435 11.41124 10.11146 10.2453 11.08539 10.11505 10.51688 9.782452 10.50651 ± 0.5519 

8 Vz/F_obs       

(mg/kg) / (ng/ml). 0.00508 0.005686 0.005515 0.00518 0.00514 0.005511 0.005122 0.005448 0.005335 ± 0.00023 

9 t1/2 (hrs) 6.669151 7.063267 6.234521 6.359188 6.858825 6.320181 6.566531 6.052833 6.515562 ± 0.3380 

10 Lambda_z (1/hrs). 0.103933 0.098134 0.111179 0.108999 0.101059 0.109672 0.105558 0.114516 0.106631 ± 0.0055 

11 Clast_obs / Cmax. 0.115472 0.132319 0.090808 0.100577 0.12191 0.101278 0.105209 0.086427 0.10675 ± 0.0156 

12 Cl/F_ obs. 

(mg/kg)/(ng/ml)/hrs 0.000528 0.000558 0.000613 0.000565 0.000519 0.000604 0.000541 0.000624 0.000569 ± 4.01E-05 
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4.9.3. Comparative analysis of blood Conc of CsA-time profile & pharmacokinetic 

parameters of CAD and selected niosomal preparations F2 and F10. 

The average data of blood drug Conc at specified intervals of time for CAD and preparations 

F2 and F10 are précised in table 4.45 and graphically demonstrated in figure 4.52. The 

comparison of mean pharmacokinetic parameters of CAD and selected niosomal preparations 

F2 and F10 was demonstrated in table 4.46. 

 

Table 4.45: Comparison of blood level time profile of CAD and selected preparations F2 and 

F10 administered to rabbits.  

 

Sr No Time (Hrs) CAD F2 F10 

1 0 0 ± 0 0 ± 0 0 ± 0 

2 0.5 425.1425 ± 95.09 341.451 ± 58.81 351.803 ± 37.12 

3 0.75 815.3725 ± 152.51 574.56 ± 73.47 615.436 ± 68.65 

4 1 1073.87 ± 92.41 823.489 ± 93.07 846.414 ± 75.83 

5 1.5 985.1575 ± 146.42 1245.58 ± 129.72 1138.48 ± 95.69 

6 2 750.6138 ± 97.96 1368.21 ±56.88 1603.55 ± 124.47 

7 2.5 635.6863 ± 93.62 1498.95 ± 165. 85 1961.55 ± 120.31 

8 3 559.0963 ± 85.56 1349.69 ± 135.59 1782.56 ± 110.74 

9 4 474.535   ± 75.71 1171.41 ± 102.55 1345.69 ± 82.29 

10 6 393.8975 ± 62.36 1066.07 ± 81.65 1176.70 ± 75.24 

11 8 303.5988 ± 51.87 868.446 ± 77.27 926.601 ± 58.74 

12 12 52.37375 ± 14.87 342.677 ± 29.39 371.403 ± 33.61 

13 24 17.59375 ± 11.29 152.69 ± 16.25 209.403 ± 26.55 
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Figure 4.52: Comparison of blood Conc versus time plots of aqueous drug dispersion (CAD) 

and selected preparations F2 and F10 administered to rabbits.  
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Table 4.46: Comparison of mean pharmacokinetic parameters of CAD and selected niosomal 

preparations F2 and F10 administered to rabbits.  

 

Sr 

No 

Pharmacokinetic 

Parameters 

Cyclosporine A 

Aqueous dispersion 

(CAD)  

Niosomal 

formulation 

(F2) 

Niosomal 

formulation 

(F10) 

1 Cmax (ng / mL) 1073.87 ± 69.56 1498.951 ± 137.57 1968.419 ± 107.91 

2 Tmax (hrs) 1.15625 ± 0.296 2.125 ± 0.44 2.375 ± 0.2314 

3 AUC 0-t (ng/ ml *hrs). 5253.501 ± 868.30 13703.09 ± 1135.13 15671.27 ± 935.36 

4 AUC 0-inf_obs            

(ng/ ml* hrs). 5389.758 ± 875.69 15064.87 ± 1287.18 17650.18 ± 1233.76 

5 AUC 0-t / 0-inf_obs 0.974297 ± 0.0057 0.90981 ± 0.0058 0.888493 ± 0.0132 

6 AUMC 0-inf_obs    

(ng/ml* hrs^2). 29578.67 ± 7399.67 147159.8 ± 14924.61 185899 ± 21255.5 

7 MRT 0-inf_obs (hrs). 5.427286 ± 0.6929 9.757969 ± 0.257 10.50651 ± 0.5519 

8 Vz/F_obs  

     (mg/kg) / (ng/ ml). 0.009919 ± 0.0016 0.006074 ± 0.00050 0.005335 ± 0.00023 

9 t1/2 ( hrs). 3.683 ± 0.70309 6.304108 ± 0.1157 6.515562 ± 0.3380 

10 Lambda_z (1 / hrs). 0.195661 ± 0.0451 0.109983 ± 0.00197 0.106631 ± 0.0055 

11 Clast_obs / Cmax. 0.02413 ± 0.00706 0.099638 ± 0.00433 0.10675 ± 0.0156 

12 Cl/F_obs 

(mg/kg) / (ng/ml) / hrs. 0.0019 ± 0.000325 0.000668 ± 5.78E-05 0.000569 ± 4.01E-05 
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On the basis of results of characterization, in vitro studies, and stability studies, niosomal 

formulation F2 and F10 were selected for in vivo studies. The in vivo evaluation of 

preparations F2 and F10 and aqueous drug dispersion is demonstrated in table 4.45 and 4.46 

and graphically presented in figure 4.52. 

Niosomal formulation F2 and F10 exhibited high blood Conc of CsA than plain dispersion of 

CsA. At all data points the difference was significant (p<0.05) for both niosomal preparations 

F2 and F10. The greater values of blood drug Conc was might be owing to the increased 

retention of niosomes in gastrointestinal tract and due to lipids and nonionic surfactants 

(Aungst, 2000). It may also be owing to lipophilicity of the constituents of preparations and 

lesser size of vesicles (Arzani et al., 2015). It is observed that F10 exhibited relatively greater 

blood Conc as associated to the F2 formulation. Mixed surfactant system based niosomes 

demonstrated improved entrapment efficiencies along with Cho as compared to use of single 

surfactants (Khan et al., 2016). Span 60 and tween 60 were two nonionic surfactants used in 

F2. The increased bioavailability of these formulations was may be the result of well-packed 

bimolecular film formation, uniform vesicle size, and higher lipid Conc. HPC was 

incorporated in niosomes to establish positive charge, for the reason that charged vesicles are 

described to be additionally proficient for drug delivery. HPC was also be responsible for the 

stability of preparations, as it inhibits the accumulation of niosomal vesicles (Jadon et al., 

2009). 

The peak plasma Conc (Cmax) is highest Conc that active pharmaceutical agent accomplishes 

in the blood after dose administration. The mean ± SD values of Cmax for F10 was calculated 

as 1968.419 ± 107.91 ng / ml and it was 1498.951 ± 137.57 ng/ml and 1073.87 ± 69.56 ng/ml 

for F2 and CAD (control) respectively. 

ANOVA results showed a significant difference in the Cmax values (P<0.05) between 

preparations (F2 and F10) and Cmax of the CAD. So the results demonstrated the order of 

increasing Cmax as F10 > F2 > control. The greater value of Cmax of niosomal preparations 

clearly indicates the enhanced bioavailability of CsA. These outcomes were might be result of 

impact of nonionic surfactants and cholesterol.  

Tween 60 and span 60 were used in Niosomal formulation F2. Generally, colloidal systems 

have tendency to enhance the bioavailability of BCS class II drugs orally like CsA, which 

exhibit low aqueous solubility and high permeability. In the absorption of BCS class II drugs, 
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dissolution is the rate-limiting step. So a slight increase in dissolution rate owing to raised 

surface area can result in substantial improvement in oral absorption (Arzani et al., 2015). 

Raised blood drug Conc of niosomal formulations were might be due to the nonionic 

surfactants, which act as penetration enhancers. Additional factors include improved 

penetration of mucosa which results from lipophilic nature of niosomal vesicles, small size of 

vesicles and higher rate of dissolution and solubility in contrast to aqueous 

suspensions. Furthermore  the surface charge of the niosomes (32.1  ± 2.5 mV) may also 

enhance uptake of vesicles  and transcytosis through M-cells of Peyer’s patches in the small 

intestine (Roger et al., 2010). 

In our investigation, the mixture of a spans and tweens were employed for the formulation of 

niosomal vesicles.  Span60 / Tween 60 mixtures with mean HLB values 9.8, designed stable 

niosomes with the addition of cholesterol and exhibited good entrapment efficiency. The 

firmness of bilayers of Span60 / Tween 60 in niosomal formulation F2 can explain the 

mentioned high encapsulation ability (77.28 ± 0.35) which results in high Cmax. This finding 

is consistent with high entrapment efficiency of ciprofloxacin by Span60 / Tween 60 

containing niosomes (Akbari et al., 2015). Span 20 and Brij 35 were used in Niosomal 

formulation F10. Span20 / Brij 35 mixtures with mean HLB values 12.75, has designed stable 

niosomes along with cholesterol and demonstrated highest entrapment efficiency and also 

Cmax. Niosomes comprising of mixed surfactant system gives vesicles of small size as 

compared to niosomes with only one surfactant.  

As the HLB of surfactants raises above ten, the quantity of Cho required to formulate 

niosomes also upsurges. So relatively additional quantity of Cho is needed to compensate for 

a higher head group. Two nonionic surfactants were used in formulation F10, sorbitan 

monolaurate having (HLB 8.6) and Brij 35 (HLB 16.9). Despite brij 35 having a high HLB 

value, when it is mixed with sorbitan monolaurate, they formed vesicles with maximum CsA 

entrapment at appropriate Cho Conc. It was found that the affinity of CsA for the mixed 

surfactant system was sufficiently high, which result in improved entrapment efficiency. 

Furthermore greater entrapment accomplished by mixed surfactant system could also be 

dependent on the surfactant chain length e.g in sorbitan monolaurate the hydrophobic chain 

consist of 12 carbons and in an previous research it has been perceived that a lengthier chain 

generates high entrapments due to the enhanced integrity of the monolayer (Abdelbary & El-
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gendy, 2008). This finding is consistent with high entrapment efficiency of diacerein by Span 

20 / poloxamer 184 mixed surfactant system niosomes (Khan et al., 2016). CsA is an 11-

amino acid cyclic peptide immunosuppressive agent that has reformed transplantation of 

organs (Vine et al., 1987). The oral delivery of peptides has some drawbacks as less 

bioavailability and metabolic liability. Due to degradation of peptides in the gastrointestinal 

(GI) tract as well as their incapability to cross the epithelial barrier, oral bioavailability of 

peptides is restricted. The peptides drugs have greater molecular weights, less lipophilicity 

and charged functional groups that decrease their absorption. These features resulted into the 

reduced bioavailability of most orally administered peptides (Bruno et al., 2013).  

Niosomal drug delivery has auspicious potential as a carrier system of peptide drugs like CsA. 

Studies showed that niosomal formulation is suitable to entrap the peptide drugs (Manosroi et 

al., 2010). Polyoxyethlene alkyl ethers (Brij Surfactants) are used frequently for delivery of 

peptide drugs orally (Pardakhty et al., 2007).  Brij 35 is also used previously in combination 

with nonionic surfactants to formulate nanovesicular systems of Methazolamide (Elazreg et 

al., 2015). In the light of above mentioned particulars a unique combination of span 20 and 

brij 35 was used along with cholesterol to formulate niosomes of CsA which resulted in 

improved bioavailability of CsA.     

The Tmax for the CAD was 1.15625 ± 0.296 hrs. Whereas for niosomal formulations F2 and 

F10 it was 2.125 ± 0.44 and 2.375 ± 0.2314 hrs respectively. The higher Tmax of niosomal 

prepartions was owing to the deliberate dissolution and extended release of the CsA. 

(Abdallah et al., 2016). In preceding research it is established that nanocarriers which have 

some type of charge on its surface are taken up by M-cells of Peyer’s patches. The  

transportation of particles by M-cells is reliant on on energy which results in minor 

postponement for admittance of charged niosomes into the systemic circulation, therefore 

Tmax was augmented (des Rieux et al., 2006). Another possible justification for improved 

Tmax of niosomal vesicles as compared to CAD was that due to bilayers of surfactant, which 

might act as hydrophobic barriers, niosomes behave as slow releasing vesicles (Kazi et al., 

2010) and inclusion of HPC as charge inducing mediator in niosomal formulations increase 

stability of niosomes and makes their permeability reduced (Sankhyan & Pawar, 2012). 

AUC 0-t is area under the Conc-time curve from zero to a definite time t. AUC 0-inf is area 

under the Conc-time curve from zero to infinite time (∞) with extrapolation of the terminal 
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phase (Martinez & Jackson, 1991). In the current investigation, the mean ± SD of AUC 0-t for 

niosomal formulations F10 and F2 were 15671.27 ± 935.36 and 13703.09 ± 1135.13 ng / 

ml*hrs  respectively.  Whereas it was 5253.501 ± 868.30 ng / ml*hrs for the CAD. Similarly 

the mean ± SD values of AUC 0-inf for niosomal formulations F10 and F2 were 17650.18 ± 

1233.76 and 15064.87 ± 1287.18 ng / ml*hrs respectively. However it was 5389.758 ± 875.69 

ng / ml*hrs for the CAD. The results of ANOVA demonstrated that values of AUC 0-t and 

AUC 0-inf of both the niosomal preparstions was significantly higher (p<0.05) in contrast to 

the CAD. It was also observed that F10 has higher value of AUC 0-t and AUC 0-inf than F2 

due to occurrence of Span 20 and brij35 in F10. So the magnitude of increase in drug 

absorption of formulations F2 & F10 was 2.6 and 2.9 times respectively, as compared to CAD. 

Another important parameter of pharmacokinetic study is AUMC 0-inf and MRT. AUMC 0-

inf is area under the first moment of the Conc-time curve from zero up to infinity (∞).And 

MRT is the mean residence time of the intact drug in systemic circulation (Gabrielsson & 

Weiner, 2012).The values of AUMC 0-inf of niosomal formulations were 185899 ± 21255.5 

ng/ml*hrs^2 for F10 and 147159.8 ± 14924.61 ng/ml*hrs^2 for F2 respectively. The value was 

29578.67 ± 7399.67 ng/ml*hrs^2 for CAD. The values of MRT 0-inf of F10 and F2 were 

calculated as 10.50651 ± 0.5519 and 9.757969 ± 0.257 hrs, respectively while it was 

5.427286 ± 0.6929 hrs for CAD. The results of ANOVA demonstrated that AUMC 0-inf and 

MRT 0-inf of niosomal preparations were significantly high as compared to CAD (p<0.05). 

Nevertheless, no significant difference (p>0.05) was perceived amongst the niosomal 

preparations. The values of AUC, AUMC and MRT evaluated in the current study were 

established parallel to niosomal preparations having clarithromycin which also exhibited 

higher values of AUC, AUMC and MRT as compared to plain drug (Shilakari Asthana et al., 

2016). Likewise, the research by De et on the niosomes containing temozolomide  for 

enhancement of brain targeting using nonionic surfactants showed higher values of AUC and 

MRT in contrast to the control free active pharmaceutical ingredient in suspension (De et al., 

2018). Related results have been presented by Sakthivel et al., 2013. They explained niosomal 

vesicles of oxcarbazepine exhibited significantly high values of the AUC, AUMC and MRT 

in contrast to the plain oxcarbazepine dispersion (Sakthivel et al., 2013). Additionally the 

niosomes of losartan potassium also exhibited significantly (p<0.05) high results of AUC 0-
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inf, Cmax, MRT, Tmax and T1/2 as equated to pure losartan potassium solution (Kamboj et 

al., 2016). 

Vz/F is another important pharmacokinetic parameter calculated by pk solver software. It is 

apparent volume of distribution during terminal phase after extravascular or oral 

administration. The values of Vz/F calculated for selected niosomal preparations F10 and F2 

were 0.005335 ± 0.00023 and 0.006074 ± 0.00050 (mg/kg) / (ng/ml), respectively. The value 

of Vz/F for the CAD was 0.009919 ± 0.0016 (mg/kg) / (ng/ml) (Mean ±SD). The CAD has 

high value of Vz/F as compare to formulation F2 and F10. It showed that niosomal 

formulations have slower rate of clearance which render the accessibility of the active 

pharmaceutical ingredient more readily in the blood stream inspite of being gathered in the 

organs or excreted. The results of ANOVA showed that the value of Vz/F for CAD was 

significantly high (p<0.05) as compared to niosomal formulations F10 and F2. The results of 

Vz/F established in the current study were similar with niosomal preparation entrapping 

morin hydrate which also demonstrated the small volume of distribution and slow rate of 

clearance, which facilitates the accessibility of the active pharmaceutical ingredient more 

swiftly in the blood rather than being gathered in the tissues (Waddad et al., 2013). Most 

active pharmaceutical ingredients nanocarriers like niosomes have molecular weights in 

millions, which is huge in comparison to the size of drugs. Due to their bulky size the delivery 

of drug carriers is constrained as compared to the distribution of their accompanying active 

pharmaceutical agent (Allen et al., 1995). This may be an additional conceivable cause for 

reasonably low values of Vz/F acquired with niosomal vesicles in the current evaluation. 

The half-life (T1/2) is another vital parameter of pharmacokinetic assessment. The t1/2 is the 

time interval over which the quantity of active pharmaceutical ingredient in the body is 

lessened by one-half.  Actually the t1/2 is a hybrid parameter that includes clearance of 

drug  along with its volume of distribution (i.e.,  distribution of drug after administration of 

dose, amongst plasma and the rest of the body). So, another way of explaining t1/2 is that it is a 

forecaster of drug accumulation and variation in plasma Conc. The nanocarriers with 

inadequate stability are quickly eliminated from the blood circulation (Gidal et al., 2017). The 

values of half-life (t1/2) determined in the current study were 3.683 ± 0.70309, 6.304108 ± 

0.1157 and 6.515562 ± 0.3380 hrs for CAD, F2 and F10 respectively. The ANOVA results 

demonstrated a significant difference amongst the t1/2 of niosomal preparations and CAD 

https://www.sciencedirect.com/topics/medicine-and-dentistry/drug-clearance
https://www.sciencedirect.com/topics/medicine-and-dentistry/drug-distribution
https://www.sciencedirect.com/topics/medicine-and-dentistry/drug-accumulation


  

140  

whereas an insignificant difference was seen among the preparations (F10 and F2). This may 

be owing to related constituents of preparations. The improved half-life can be described by 

the effect of nonionic surfactants in niosomes. Similarly in the formulation of niosomes of 

diltiazem span 60 was used. These niosomes have increased half-life as compared to control 

free drug, which also result in enhanced bioavailability. This might be owing to deliberate rate 

of absorption of drug and also slow release which prolongs the half-life (t1/2) (Ammar et al., 

2017). Similarly the niosomes of acyclovir also exhibited significantly higher values of  T1/2  

as equated to free solution of drug (Attia et al., 2007). 

Lambda_z and Cl/F are another important pharmacokinetic parameters. Lambda_z is 

individual estimate of the terminal elimination rate constant or terminal disposition rate 

constant. Cl/F is apparent total clearance of the active pharmaceutical ingredient from plasma 

after oral administration. In the current evaluation, the mean ± SD values of Lambda_z for 

niosomal formulations F10 and F2 were 0.106631 ± 0.0055 and 0.109983 ± 0.00197(1/hrs) 

respectively. Whereas it was 0.195661 ± 0.0451 (1/hrs) for the CAD, and the mean ± SD 

values of Cl/F for preparation F10 and F2 were 0.000569 ± 4.01E-05  and 0.000668 ± 5.78E-

05  (mg/kg) / (ng/ml)/hrs respectively. Whereas it was 0.0019 ± 0.000325 for the CAD. The 

ANOVA results of Lambda_z and Cl/F demonstrated a significant difference amongst the 

niosomal preparations and CAD. Whereas insignificant difference was established amongst 

the preparations F10 and F2. Lesser values of Lambda_z and Cl/F acquired with niosomal 

preparations as compared to CAD showed less elimination of CsA. So CsA remains in body 

for extended period of time to exhibit its therapeutic effects. Nanocarriers like liposomes or 

niosomal vesicles, have fewer probabilities for their uptake in liver, so this can also be a 

rational justification for low value of Lambda_z and Cl/F achieved in the present study 

(Batrakova & Kabanov, 2008; Kamboj et al., 2014). The current study exhibits significantly 

less values (p<0.05) of clearance acquired by niosomal preparations in contrast to CAD. This 

may be due to the fact that reduced elimination of active pharmaceutical ingredient results 

into extended and persistent effect. The reduced clearance achieved in this assessment is also 

apparent by slow rate of elimination of active pharmaceutical ingredient. Comparatively 

proloned half-live and less elimination result in reduced clearance (Kadam et al., 2012). Clast 

is last measurable plasma concentration. The value of Clast_obs/Cmax for niosomal 

formulations F10 and F2 were 0.10675 ± 0.0156 and 0.099638 ± 0.00433 respectively. 
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Whereas it was 0.02413 ± 0.00706 for CAD. The results of ANOVA of Clast_obs / Cmax 

exhibited a significant difference amongst the niosomal preparations and CAD, whereas an 

insignificant difference was established amongst the niosomal preparations F10 and F2. As 

established in the current investigation, the nanomicelles of curcumin also showed higher 

values of Clast_obs / Cmax in comparison to free solution of drug (Hatamipour et al., 2019). 

The above mentioned results are according to the estimated conduct of niosomal formulations. 

So the niosomes could be considered as nano drug depots, having capability to sustain release 

of CsA with improved bioavailability.  
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Chapter No 5 

5.1. Summary 

Niosomes are vesicles comparable to liposomes. These are formulated by hydration of 

nonionic surfactants, with assimilation of Cho. They can be employed as carriers of lipophilic 

and amphiphilic active pharmaceutical ingredients. Niosomes are auspicious carrier of drugs 

for delivery of immunosuppressant drugs, anti-cancer drugs and genes etc. Niosomes have 

capability to augment the solubility and bioavailability of drugs.  

Immunosuppressive drugs are utilized to inhibit rejection of transplanted tissues, and in 

autoimmune diseases. Among various immunosuppressive agents cyclosporine A (CsA) is of 

exceptional prominence, and is used as model drug. This drug has a low therapeutic index, 

and it has many toxic effects. After oral administration its absolute bioavailability is variable 

due to poor absorption. So in this study the nanotechnology of niosomes was used to improve 

the dissolution profile and bioavailability of immunosuppressant drug CsA. 

The basic theme of the current study was to prepare niosomes of immunosuppressant drug 

CsA using Cho and nonionic surfactants like span 20, tween 60, span 60 and brij 35. Thin 

film hydration procedure was employed for the formulation of niosomal vesicles. The ATR-

FTIR spectra and DSC thermograms of individual constituents, their physical mixtures, and 

niosomal formulations were determined.  The Niosomal preparations were characterized for 

zeta potential, size, poly dispersivity index (PDI), transmission electron microscopy, 

entrapment efficacy and In vitro release profiles. In vivo studies of optimized niosomal 

formulation were also performed. 

Eleven niosomal formulations were prepared. In preparations F1 to F3, the surfactants utilized 

were Span 60 and Tween 60. In preparations F4 to F6, the surfactants engaged were span 80 

and tween 80. Similarly in second phase in formulation F7, F8 and F9 nonionic surfactants 

span 20, brij 35 and span 60 were used along with Cho respectively. In formulation F10 

combination of span 20 and brij 35 was used and in formulation F11 span 60 and brij 35 were 

used along with cholesterol in ratio (1:1).  

The developed method of HPLC was found to be effective for measuring average drug content 

of CsA. The results of parameters of validation such as linearity, LOD, LOQ, assessment of 

intra-day and inter-day variability, robustness and stability were within satisfactory limits as 
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per protocols of ICH. This method was utilized to determine entrapment efficiency, in vitro and 

in vivo evaluation and pharmacokinetic studies of CsA.  

In general, all niosomes had size range of 415 nm to 1049 nm with PDI values 0.259 to 0.572, 

and the range of zeta potential is 23.8 to 35.2 (mV). Entrapment efficacy was observed in the 

range of 27 % to 89% for all the eleven preparations. In the formulations F1 to F6 the highest 

entrapment of 77.28 % was attained in formulation F2 in which nonionic surfactants and Cho 

were in the ratio of 6:4. And in formulation F7 to F11, F10 achieved the maximum entrapment 

efficiency (89.31 ± 0.37). The SEM image of selected niosomal formulations F2 & F10 

demonstrated the sphere-shaped of niosomes in our investigations. Morphology of finally 

selected niosomal formulation F10 was also evaluated by employing transmission electron 

microscopy (TEM), which further established the development of sphere-shaped vesicles.  

The ATR-FTIR spectrum of CsA, Cho and nonionic surfactants was determined. It indicates 

the pureness of this sample and that they are free from contaminations. The spectra of 

physical mixtures did not display a significant alteration of peaks which depicts that 

interactions are not present. In the ATR-FTIR spectrum of niosomal preparations most of the 

peaks were diffused, demonstrating a good physical interaction among nonionic surfactants, 

Cho and active pharmaceutical ingredient. The DSC analysis demonstrated the amorphous 

nature of CsA inside the niosomes. DSC thermograms of niosomal formulations showed a 

broadened endothermic peak which showed improved solubility and dissolution and the 

sustained release nature of formulations. The studies of stability demonstrated that these 

niosomal preparations were stable for three months at 4°C and 25°C. It was found that at 

refrigerated temperature 4-8 °C the amount of drug retained in niosomes was greater than at 

25°C. So it is better to store them at 4-8 °C.  

In vitro release studies showed in all niosomal preparations the percentage drug release was 

significantly higher as compared to CAD at pH 1.2 and 7.4. In vitro release studies exhibited 

sustained release behavior in all preparations (F 1 – F11). Drug release data and kinetic 

modeling of formulations showed that they follow zero order release and can release active 

ingredient in sustained manner. The korsemeyer–Peppas model was employed to calculate the 

exponent of release (n) which suggests drug transport mechanism is non-fickian (anomalous) 

transport i.e combination of both erosion and diffusion processes. The mixed system of 
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surfactants as in formulation F10 having span 20 and brij 35, demonstrated comparatively 

more delayed rate of release with enhanced dissolution and bioavailability. 

On the basis of results of entrapment efficacy and in vitro release studies etc, niosomal 

preparations F2 and F10 were nominated for in vivo studies. Niosomal preparations F2 and F10 

exhibited higher blood drug Conc than CAD. The peak plasma Conc (Cmax) for the F10 

formulation was evaluated as 1968.419 and it was 1498.951 and 1073.87 ng/ml for F2 and 

CAD (control) respectively. The value for Tmax was 1.15625 hrs for the CAD. While for 

niosomal formulations F2 and F10 it was 2.125 and 2.375 hrs respectively. The value of MRT 

0-inf of F10 and F2 were calculated as 10.506 and 9.758 hrs, respectively.  

Consequently it was observed that F2 and F10 preparations exhibited high values of Cmax, 

slight delay in manifestation of Tmax as associated to CAD. The higher MRT (about 10 hrs) 

and extended half-life accomplished by niosomal preparations, indicates delayed release 

outcome of niosomal vesicles. Therefore pharmacokinetic assessment of optimized niosomal 

preparations F2 and F10 and CAD presented enhanced bioavailability of CsA with niosomal 

vesicles in contrast to CAD. However, F10 formulation demonstrated higher residence time as 

compared to F2.  This may be due to combination of span 20 and brij 35 nonionic surfactants 

used in F10 formulation which improved the bioavailability along with more sustained release 

effect of CsA. So all the research objectives are achieved by successfully preparing the 

niosomal formulation of CsA which improved the bioavailbilty and solubilty of CsA along 

with sustain release profile. 

5.2. Conclusions  

The niosomal formulation of immunosuppressant drug CsA has successfully been developed 

with the aid of Cho and non-ionic surfactants, by using thin film hydration method. Niosomal 

formulation F10 based on the nonionic surfactants (span20 and brij35) to Cho ratio (1:1) 

exhibited the maximum entrapment of CsA (89.31 %). ATR-FTIR spectrum exhibited that 

there is no incompatibility or interaction amongst the ingredients of the niosomal formulation. 

In vitro release studies exhibited improved dissolution profile of CsA. Moreover sustained 

release behavior was seen in all preparations. The release exponent (n) suggest drug transport 

mechanism is non-fickian (anomalous), and the niosomal formulations followed zero order 

release, which release drug in sustained manner. In vivo studies showed that values of AUC 
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0-t, Cmax, Tmax, half-life and MRT 0-inf of optimized niosomal formulation F2 & F10 are 

significantly high as compared to CAD. So the bioavailability of CsA was improved with 

prlonged release effect of niosomal vesicles. However, F10 preparation displayed higher AUC 

0-t, Cmax and mean residence time as compared to F2, due to mixed surfactant system of span 

20 and brij 35 used in F10 formulation along with Cho  which improved the bioavailability and 

results in more sustained release effect of CsA. Consequently, it was demonstrated that 

niosomes comprising of span 20 and brij 35 mixed surfactant system, can be a remarkable 

nanotechnology for prolonged delivery of CsA orally with improved bioavailability. 

5.3. Recommendations 

Mixed surfactant system for niosomal encapsulation can be used in future for encapsulation of 

several other drugs. To enhance the solubility and dissolution profile of active pharmaceutical 

ingredients, and to achieve the sustain release effect along with targeted drug delivery, which 

result in reduction of toxicity and side effects of the drugs. 

HPC was employed in this study as positive charge inducing mediator in niosomal 

formulations. Selection of other charge inducing agents like dicetyl phosphate, stearylamine 

and phosphatidic acid might also be used by taking the same components of formulation. 

Previously liposomes comprising of bile salt, sodium deoxycholate, were established to 

increase the bioavailability of a less water-soluble active pharmaceutical ingredients orally. 

So bile salt, sodium deoxycholate can also be utilized in niosomes to increase the 

bioavailability of a less water-soluble active pharmaceutical ingredients orally like CsA. 
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