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Abstract 

Niosomes are self-organizing non-ionic surfactant vesicles, which encapsulate aqueous 

volume of drug(s) with or without the addition of cholesterol and other lipid contents. 

Niosomes have the capability to encapsulate both lipophilic and hydrophilic drugs. 

They are alternative to liposomes, and their main benefits as compared to liposomes are 

their lower price, higher stability and better biodegradability. By making niosomes, the 

side effects of drugs have been reduced and the therapeutic efficacy has been increased. 

The first part of the study was to develop an optimized niosome formulation for the 

encapsulation of a poorly water-soluble drug by the ecological probe sonication 

method. Pluronic L121 and Span 60 were used as surface active agents and the 

optimization of the composition was made with the aid of Design of Experiment (DoE) 

concept. Rifampicin was used as a model drug. Concentration levels of charge inducing 

agent, dicetylphosphate (DCP), and Pluronic L121 were studied as variables. Prepared 

niosomes with varying concentrations of DCP and Pluronic L121 resulted in small sized 

niosomes with sizes ranging from 190 nm to 893 nm. During the four weeks stability 

testing, the particle sizes were reduced slightly. The formulation containing 2 mg of 

DCP resulted in most stable niosomes with 75.37% entrapment efficiency. All the 

niosomal formulations showed higher In vitro drug release rates as compared to bulk 

drug formulation. The rifampicin loaded niosomes prepared with Pluronic L121 and 

Span 60 resulted in stable, small sized niosomes with improved drug release profile. 

The second part of the study was carried out to produce niosome formulations for the 

encapsulation of a hydrophilic and poorly water-soluble drugs by the ecological probe 

sonication method. Pluronic L121 and Span 60 were used as surface active agents and 

the optimization of the composition was made with the aid of Design of Experiment 
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(DoE) concept. Ceftriaxone sodium and Rifampicin were used as model drugs 

(hydrophilic and hydrophobic respectively). Concentration levels of charge inducing 

agent, dicetylphosphate (DCP), and Pluronic L121 were studied as variables. Prepared 

niosomes with varying concentrations of DCP and Pluronic L121 resulted in small sized 

niosomes with sizes ranging from 164 nm to 893 nm. During the four weeks stability 

testing, the particle sizes were reduced slightly. The formulations CR1 and CR2 

resulted in most stable niosomes with (98.71% of rifampicin and 95.73% ceftriaxone) 

and (98.86% rifampicin and 95.88% ceftriaxone) entrapment efficiency of respective 

formulations. All the niosomal formulations showed higher In vitro drug release rates 

as compared to bulk drug formulations. The ceftriaxone and rifampicin loaded 

niosomes prepared with Pluronic L121 and Span 60 resulted in stable, small sized 

niosomes with improved drug release profile. 

In the third part of study, the niosome formulations were prepared for the encapsulation 

of anticancer drugs by the ecological probe sonication method. Pluronic L121 and Span 

60 were used as surface active agents in niosomes and doxorubicin HCl and paclitaxel 

were used as anticancer drugs. Thorough physicochemical studies were performed for 

the niosomes and their cytotoxicity and activity were evaluated on MCF-7 and PC3-

MM2 cancerous cell lines. Prepared niosomes were small with sizes ranging from 137 

nm to 893 nm and entrapment efficiencies were high, ranging from 91.24% to 99.99%. 

During the four weeks stability testing, the particle sizes remained stable. The niosomal 

formulations showed In vitro sustained drug release profiles for doxorubicin HCL and 

increased clearly dissolution rate of poorly water-soluble paclitaxel. The incorporation 

of both the drugs into niosomes, improved cell penetration and antiproliferative activity 

of the drugs towards PC3 as compared to MCF-7 cell lines.  As a conclusion, 

doxorubicin HCl and paclitaxel loaded niosome formulations resulted in relatively 
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stable, small sized niosomes with improved drug release profiles, better cell penetration 

and antiproliferative activity. The niosomes showed more antiproliferative effect due 

to the presence of both drugs, which can overcome multidrug resistance. 

The present study suggested that the codelivery of anticancer drugs can be delivered by 

encapsulating in niosomes prepared from Pluronic L121 and Span 60. Through which 

improved in-vitro sustained release of both anticancer drugs, better cell penetration and 

antiproliferative activity. The further in-vivo evaluation can lead to treat different types 

of cancers in a better way without toxic effects with reduction in doses.  
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1. INTRODUCTION 

1.1 Niosome 

Niosomes are non-ionic surfactant vesicles having the tendency to self-

assemble and stabilized with the help of cholesterol with or without the addition of 

charge aiding ingredients (Marianecci et al., 2014). They are prepared as liposomes and 

are similar in physical characteristics. They are also unilamellar and multilamellar. 

They have more advantages over liposomes as they are easy to develop, surfactants can 

be derivatized high versatility and less costly to produce and preserve (Uchegbu & 

Florence, 1995).  

The prominent features of niosomes which leads to its vast applications in 

pharmaceutical product development and cosmeceuticals are as below; 

• Niosomes can encapsulate hydrophilic and hydrophobics drugs in the same 

manner as liposomes. 

• They are osmotically stable and active. 

• Due to the presence of hydrophilic and hydrophobic components in the basic 

structure, they can encapsulate wide range of drugs depending upon their 

solubility.  

• They can be designed upon the desired size and fluidity. 

• They can deliver drug to the target site and its bioavailability can be improved. 

• Niosomes can allow attachment of functional ligands for targeted delivery 

(Pardakhty & Moazeni, 2013).  
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• They are also used to increase the bioavailability of least soluble drugs (Puvvada 

et al., 2013). 

1.1.1  Structural components of niosomes 

Niosomes are composed of non-ionic surfactants, cholesterol and sometimes 

charge tailoring agents is indicated in figure 1.1 (Moghassemi & Hadjizadeh, 2014).  

 

Figure 1.1: Structure of Niosome 

 

1.1.2  Classification of non-ionic surfactants (General) 
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The non-ionic surfactants are neutral in nature and they do not have charge. 

When non-ionic surfactants are dispersed in aqueous phase the hydrophobic tails 

arrange themselves towards the organic phase (towards each other) and hydrophilic 

heads become oriented towards aqueous phase (away from each other) (Abdelkader et 

al., 2014; Moghassemi & Hadjizadeh, 2014). Non-ionic surfactants are used for the 

preparation of niosomes and they are classified as follows;  

1.1.2.1  Alkyl ether  

Alkyl ethers are further divided into two sub classes depending upon their 

hydrophilic heads, which are described as follows: 

1.1.2.2  Alkyl glycerol ethers 

 These are the non-ionic surfactants having the glycerol subunits or the larger 

sugar molecule. These types of surfactants have been used to encapsulate anticancer 

drugs. Their behavior is to alter the pharmacokinetics of the drugs (Baillie et al., 1985; 

Kuotsu et al., 2010; Uchegbu & Florence, 1995).  

1.1.2.3  Alkyl oxyethylene ethers (Brij®) 

 These are the surfactants having repeated units of oxyethylene (Brij®). They 

have been used for the encapsulation of drugs for oral delivery to prevent the destructive 

effect of gastric acid. They have been used, especially for the delivery of  insulin 

(Pardakhty et al., 2007).  

1.1.2.4  Alkyl esters 

These types of surfactants include sorbitan fatty acid esters (Span®) and 

polyoxyethylene fatty acid esters (tween®). They have been used in oral delivery of 
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drugs (Varshosaz et al., 2003), parenteral, topical (Muzzalupo et al., 2011), 

cosmeceuticals and even in food stuff preparation. The advantage of usage of these 

surfactants are non-toxic and non-irritant (Lawrence, 2003). 

1.1.2.5  Pluronics 

Pluronics are poly (ethylene oxide) and poly (propylene oxide) tri block 

copolymers. They have different numbers of ethylene oxide and propylene oxide units 

and due to which they have different HLB values. They have been used for the delivery 

of cytotoxic drugs. They have the capability to modify the drug response by making it 

targeted (Alexander et al., 2002). Pluronics have the tendency to internalize the 

doxorubicin and other cytotoxic drugs for longer duration of time by neutralization of 

the effect of P-glycoproteins and reduces the anticancer drug resistance (Batrakova et 

al., 1999). The solubility of poorly water soluble drugs is increased by using pluronic 

class of amphiphiles (Alexander et al., 2002).  

1.1.2.6  Cholesterol 

The effect of cholesterol on the niosomal formulation is also important. It 

affects the physical characters of the niosomes including its shape due to interaction 

between cholesterol and non-ionic surfactants. The cholesterol (30% to 50%) is 

required for the vesicular formation. The quantity of cholesterol needed for the 

development of niosomes is also depends on the HLB value of the surfactant. When the 

HLB value increases from 10, more quantity of cholesterol is required (Bandyopadhyay 

& Johnson, 2007). Some studies suggested that the entrapment efficiency of the drug is 

also dependent on quantity of cholesterol. The presence of cholesterol provides 

mechanical and hydrodynamic stability to the niosomes (Liu et al., 2007). The role of 

cholesterol is controversial, some studies suggested that less amount of cholesterol 
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along with span 60 results in high entrapment efficiency (Baillie et al., 1985). The 

amount of cholesterol to be added in the formulation must be evaluated case by case, 

depending upon the nature of the non-ionic surfactant and model drug used (Marianecci 

et al., 2014).  

 

 

Figure 1.2: Structural formula of cholesterol 

 

1.1.2.7  Charge aiding molecules 

The niosomes can be stabilized by the addition of charge aiding molecules to 

the bilayer structure. The negative charge is given to the niosome by Phosphatidic acid 

and Dicetylphosphate (DCP). Similarly, Stearylamine (SA) and cetylpyridinium oxide 

are used to give positive charge to niosomes. Due to these charge inducing molecules 

niosomes do not aggregate due to repulsive forces (Uchegbu & Vyas, 1998a). The 

niosomes labelled with positive charge (stearylamine) were used to encapsulate 

negatively charged polynucleotide with resulted in efficient transfection into cells 
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(Maurer et al., 2007). Charge aiding agents are used to make the less aggregating 

niosomes (Uchegbu & Vyas, 1998), to prolong the plasma circulation half-life of the 

vesicles of niosomes (Maurer et al., 2007) and the residence time of ocular surfactant 

vesicles are also prolonged (Indu et al., 2004). The concentration of charge aiding 

molecule between 2.5-5 mol% results in results in stable and discrete niosomes and 

higher concentration results in inhibition of niosomal vesicular formation (Hu, 

Chengjiu., 1999; Junyaprasert et al., 2008). The zeta (ζ)-potentials over 30 mV results 

in stable niosomes due to least aggregation. The benefit of designing charged niosomes 

is to make the vesicles stable and with high percentage entrapment efficiency (%EE) 

and skin permeation (Cametti, 2008; Oh et al., 2006; Pardakhty et al., 2012).  

1.1.3   Method of Preparation 

Niosomes are used to encapsulate wide variety of drugs and biotechnological 

products to deliver at targeted site. For the manufacturing of niosomes, few methods 

are described as follows;  

1.1.3.1  Thin film hydration technique (TFH) 

This is the simplest and extensively used method for the preparation of 

niosomes. In this method, non-ionic surfactant and cholesterol are dissolved in organic 

solvent in a round bottom flask. The solution is then evaporated under vacuum in rotary 

evaporator to prepare the thin film by removing the organic solvent. The buffer 

(phosphate buffer saline) containing drug is then introduced in the round bottom flask 

containing thin film to make it hydrated. The solution is then heated above phase 

transition temperature of surfactant which results in the vesicular formation (Khan et 

al., 2016). Thin film hydration technique has been used to prepare niosomes containing 

cinnarizine (Yeo et al., 2018), etoricoxib (Ravalika & Sailaja, 2017), methotrexate 
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(Abdelbary & Aboughaly, 2015), acyclovir (Parsa et al., 2014) and glucocorticoids 

(Marianecci et al., 2010). The schematic flow diagram of thin film hydration technique 

is shown in figure 1.3 (Moghassemi & Hadjizadeh, 2014). 

 

Figure 1.3: Protocol of thin film hydration technique 

 

1.1.3.2  Reverse phase evaporation technique (REV) 

In this method, cholesterol and surfactants are dissolved in organic phase. 

Then aqueous phase containing drug is added in the organic phase and sonicated until 

emulsion is formed followed by evaporation at 40-60⁰C. This evaporation phase will 

continue until complete hydration is done and organic solvent is completely evaporated. 

During the evaporation, niosome vesicles are produced (Moghassemi et al., 2015). 

Reverse phase evaporation technique has been used to prepare 5-aminolevulinic acid 

for skin malignancies (Bragagni et al., 2015), growth factor loaded niosomes 
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(Moghassemi et al., 2017) and cisplatin for cancers (Kanaani et al., 2017). The 

schematic flow chart of the REV technique is shown in figure 1.4 (Moghassemi & 

Hadjizadeh, 2014). 

 

Figure 1.4: Schematic flow diagram of reverse phase evaporation technique 

 

1.1.3.3  Ether injection method 

In this method non-ionic surfactant, charge imparting agent and cholesterol 

are dissolved in organic solvent and this mixture then injected in the aqueous drug 

solution at a temperature of 60⁰C for the removal of solvent. This evaporation of 

solvents result in the formation of vesicles (Ravalika & Sailaja, 2017). This method has 

been used for the preparation of naproxen (Sailaja & Shreya, 2018), ocular delivery of 

azithromycin for eye infections (Akhtar et al., 2017) and 5-fluorouracil (Shukla & 
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Mastiholimath, 2018). The schematic flow protocol of ether injection method is shown 

in figure 1.5 (Moghassemi & Hadjizadeh, 2014).  

 

Figure 1.5: schematic flow diagram of ether injection method 

 

1.1.3.4  Microfluidization Method 

In this method, the solution of surfactant and drug passed through an 

interaction chamber and then subjected to pass through cooling loop to eliminate the 

effect of heat during interaction. The cooling of the resultant solution results in the 

formation of niosomal vesicles (Duncan et al., 1997).   

1.1.3.5  Trans-membrane method 

In trans-membrane method, the non-ionic surfactant and cholesterol are 

dissolved in organic solvent and evaporated to make a thin film under reduced pressure.  
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This thin film the hydrated with acidic medium (citric acid) and vortexed. The obtained 

solution then freeze-thawed and then drug containing solution added. The pH of the 

resultant is adjusted to 7.4 with the addition of disodium hydrogen phosphate (Baillie 

et al., 1985).  

1.1.3.6  Super-critical fluid method 

 In this method, non-ionic surfactant and cholesterol are dissolved in organic 

solvent and this solution sent to view cell. The temperature of the cell raised to 60⁰C 

and 200bar pressure with carbon dioxide. This mixture subjected to stirring with magnet 

for 30 min. after mixing the pressure is released and niosomal dispersion is collected 

(Manosroi et al., 2008a). 

1.1.3.7  Bubble method 

In this method, amphiphilic surfactant, cholesterol and phosphate buffer saline 

are added in the glass reactor having three necks. In one neck thermometer is inserted 

to check the temperature. In the second nitrogen gas was purged and in the third neck 

cooled waster was passed. The ingredients of the formulation were heated at 70⁰C, 

homogenized at high shear rate for 15 min and purged with nitrogen by bubbling 

resulted in niosome formation (Verma et al., 2010).  

1.1.3.8  Membrane contactor 

In this method, a two-chamber equipment is used in which Shirasu porous 

glass (SPG) membrane is used. In this non-ionic surfactant dissolved in organic solvent 

introduced into the chamber and aqueous solution drug was also introduced from other 

side. They passed from the membrane due to the introduction of pressure and resulted 

in niosome production (Pham et al., 2012).  
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1.1.3.9  Microfluidic Hydrodynamic Focusing 

In this method of manufacturing, surfactant, cholesterol and charge inducing 

agents are dissolved in organic solvent and placed in glass scintillation vial. Organic 

solvent is removed from the vial and thin film is obtained. Isopropyl alcohol is added 

in the vial and drug containing PBS is also added for the re-hydration of the dried film 

in microfluidic devices and resulted in niosomal vesicular formation (Lo et al., 2010).  

1.1.3.10  Proniosomal Technology  

In this technology, the precursors of niosomes are generated and after that 

they are rehydrated with water and agitated. It results in the production of niosomes and 

are used to deliver a variety of drugs as indicated in figure 1.6 (Moghassemi & 

Hadjizadeh, 2014). This technique has been used for the transdermal delivery of 

Tolterodine tartrate (Rajabalaya et al., 2016), single dose of flurbiprofen (Verma et al., 

2016) and ocular delivery of lomefloxacin (Khalil et al., 2017).  

 

Figure 1.6: Schematic flow protocol of proniosomal technoology 
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1.1.4  Applications of niosomes 

1.1.4.1  Delivery of anti-inflammatory drugs 

 Manosroi et al., (2008) has developed the niosomes of diclofenac 

diethylammonium were prepared by using DPPC (dipalmitoyl phosphatidylcholine), 

Tween 61, Span 60 and cholesterol for topical delivery. The chloroform film method 

was used for the preparation of niosomes. The percentage of entrapment efficiency 

(%EE) with Tween 61 was 93% as compared with other non-ionic surfactants. The gel 

containing diclofenac diethylammonium niosomes was used for transdermal delivery 

and evaluated on rat skin. 

 Nasr et al., (2008)  has formulated aceclofenac as non-steroidal anti-

inflammatory drug (NSAID) in both liposomes and niosomes. Physicochemical 

evaluation, differential scanning calorimetry (DSC) and stability studies were carried 

out. The gel prepared from the drug containing niosomes was evaluated on the 

edematous paw of rat. Niosomes showed more stability as compared to the liposomes 

and have significant effect on edema paw of rat.  

 El-Menshawe & Hussein, (2013) has prepared the niosomes of meloxicam by 

using Span60 and cholesterol by thin film hydration technique. The hydrogel was 

prepared using drug containing niosomes and evaluated on rat paw edema. The highest 

%EE was >55% and showed significant results to reduce the edema.  

 Kumbhar et al., (2013) has used lornoxicam as model drug to encapsulate in 

niosomes by using Span60, cholesterol and thin film hydration method was used. The 

prepared niosomes were utilized to manufacture the hydrogel and further evaluated. 
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The effect of lornoxicam was evaluated on edematous rat paw. The %EE was 

approximately 52% and it reduces the edema about 87% with was significant.  

 Das & Palei, (2011) has fabricated niosomes of rofecoxib as a steroidal anti-

inflammatory. The non-ionic surfactant used was Span60 and thin film hydration 

method was used for the preparation. The prepared niosomes were used for the 

transdermal gel delivery and In-vitro permeation was evaluated on the skin of pig. The 

prepared gel showed significant results and the drug release from the gel was sustained 

release.  

1.1.4.2  Ocular drug delivery  

 Abdelkader et al., (2011) has used naltrexone hydrochloride for the 

preparation of niosomes to deliver in the eye. The niosomes were prepared with Span60 

by thin film hydration method. The prepared niosomes were evaluated In-vitro and 

evaluated its activity of the cornea of the cow eye cells. The results show significant 

penetration of the niosomes and drug release was sustained.  

 Aggarwal et al., (2007) has manufactured niosomes of acetazolamide which 

is carbonic anhydrase inhibitor and is used to reduce the intraocular pressure of the 

glaucoma patients. It is low aqueous solubility and low permeability. Niosomes 

containing acetazolamide were made by reverse phase evaporation technique and 

further coated with Carbopol for the bio-adhesion of the topical formulation of the 

niosomes. These niosomes were evaluated by microdialysis sample of aqueous humor 

and checked the reduction in intraocular pressure and further production/reduction of 

pressure. The formulations showed significant results and drug released was sustained. 
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 Abdelkader et al., (2011) has fabricated niosomes to encapsulate naltrexone 

hydrochloride and its effect was evaluated on the conjunctival and corneal cells. The 

niosomal delivery showed better penetration and sustained delivery of naltrexone 

hydrochloride to the cells and it was suggested to be evaluated on animal models. 

 Indu et al., (2010) has produced niosomes of timolol maleate which is used in 

eye patients and having adverse events due to the loss of the drug after instillation into 

eye. To minimize the adverse effects, niosomes of timolol maleate were designed and 

further made bio-adhesive. The niosomes were evaluated by measure the aqueous 

humor by micro-dialysis method. The results showed that the efficacy and 

bioavailability of the timolol maleate was increase and formulation showed sustained 

and controlled delivery of the drug.  

 Abdelkader et al., (2010) has increased topical and systemic effects of the 

naltrexone hydrochloride by formulating niosomes. The niosomes were manufactured 

by thin film hydration technique. The niosomes were prepared by using sorbitan esters 

and polyoxyethylen alkyl ethers were used. Thermo-responsive niosomes were made 

and showed better bioavailability of the drug and having good physicochemical 

properties. 

 Li et al., (2014) has prepared tacrolimus loaded proniosomes-derived niosomes 

by using Poloxamer 188 and lecithin as surfactants and cholesterol as a stabilizer. The 

penetration of topical eye delivery of the drug was assessed on rabbit cornea. The results 

showed better penetrations and bioavailability.  
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1.1.4.3  Pulmonary drug delivery of niosomes 

 Gude et al., (2002) has fabricated pulmonary targeted niosomes containing 

cisplatin alone and combination of cisplatin with theophylline and activated 

macrophages were checked against breast cancer cells. The niosomes containing only 

cisplatin shows anticancer activity without showing toxicity as compared to pure 

cisplatin drug, theophylline and activated macrophages.  

 Asthana et al., (2016) has prepared Clarithromycin containing niosomes from 

Span (20, 40, 60 & 80) and cholesterol by thin film hydration method. The prepared 

niosomes were evaluated In-vitro and its pharmacokinetic parameters like AUC, MRT 

and AUMC were estimated in rats.  

 Mullaicharam & Murthy, (2004) has manufactured rifampicin loaded 

niosomes with the aid of Span series of nono-ionic surfactants and were injected 

intravenous and intratracheal in rat for the pharmacokinetics and organ accumulation. 

The niosomes prepared with Span60 were stable with small size, high entrapment 

efficiency and accumulation in lungs.  

 Arafa & Ayoub, (2018) has manufactured niosomes encapsulating 

salbutamol sulfate in metered dose inhaler. The prepared inhalers are compared with 

conventional salbutamol inhalers in human volunteers. The niosomal inhalers showed 

sustained delivery of drug as compared to conventional inhalers. 

 Kaur et al., (2016) engineered the Isoniazid and rifampicin loaded 

nanoaggregates and administered to the rat in aerosol form to find the effect on kidney, 

liver and lungs. The drug accumulation in organs was estimated and found that the 
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inhalation of the drug is best rout of administration and maximum drug is absorbed in 

the lungs as compared to the other organs.   

Niosomes of cromolyn sodium was encapsulated as proniosome-based 

niosomes with the help of sucrose stearate as a surfactant and cholesterol by reverse 

phase evaporation technique. The niosomes were delivered as a nebulisable delivery 

system. The drug release was estimated In-vitro and compared with the conventional 

niosomes. The sucrose sulfate coated niosomes showed sustained delivery of cromolyn 

sodium (Abd-Elbary et al., 2008). 

Niosomes containing rifampicin, pyrazinamide and isoniazid were prepared by 

using Tyloxapol as a surfactant. The niosomes were of small size, with less PDI and 

more stable. The drug release shown by the niosomes was sustained when compared 

with the powdered pure drugs (Mehta & Jindal, 2013). 

1.1.4.4  Delivery of Cytotoxic drugs 

 Gaikwad et al., (2000) evaluated the antimetastatic activity of the 

pentoxifylline by encapsulating in niosomes by thin film hydration technique. The 

synergistic effect was also estimated by codelivery of niosomes with activated 

macrophages. The niosme size was attained 462nm with 9.6% entrapment efficiency 

and 82% drug release within 21 h. The results showed that the combination treatment 

is not effective as niosome inhibited the effect of activated macrophages.  

 Uchegbu et al., (1994) prepared doxorubicin loaded niosomes were prepared 

with hexa-decyl-diglycerol ether by thin film hydration method. The prepared niosomes 

were injected in the male AKR mice and plasma levels were estimated. The niosomes 

were compared with free drug of doxorubicin. The results revealed that the niosomes 
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showed dose dependent delivery of drug at high doses but the release at low doses was 

sustained release. 

The niosomes of doxorubicin were prepared with Span60 by thin film hydration 

method. The prepared niosomes were injected in female mice and plasma samples were 

withdrawn. The plasma was filtered with the aid of gel filtration and drug was 

quantified by HPLC method. Drug containing niosomes showed modest tumor 

targeting and increased its effect to double fold but the metabolite level was also 

increased to double (Uchegbu et al., 1995). 

 Ruckmani et al., (2000) introduced cytarabine hydrochloride loaded niosomes, 

prepared with different non-ionic surfactants without DCP by thin film hydration 

technique. The size obtained were 600-1000nm to deliver drug in blood at high levels. 

The niosomes showed prolonged release for 16 h. the entrapment efficiency with 

Span60 and Tween80 and Tween20 was 80% and 67.5% with Span80. 

The niosomes were prepared with Bola, Span80 and cholesterol for the topical 

delivery of 5-fluorouracil for the treatment of skin cancers. The size of the niosomes 

was approximately 400nm with 40% entrapment efficiency. The prepared niosomes 

were tested on SKMEL-28 and HaCaT skin cancer cell line. The niosomes showed 4 

folds to 8 folds increase in anticancer activity when compared with free drug solution 

and empty niosomes (Paolino et al., 2008).  

Niosomes were prepared with the surfactant synthesized from glucuronic acid 

containing doxorubicin and 5-fluorouracil. The niosomes prepared with 

dodecylglucuronamide showed controlled release of drug and hemolytic activity was 

estimated by the erythrocyte disruption. Erythrocyte disruption was dependent on size 

of colloidal aggregates (Tavano et al., 2014).  
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Vincristine sulfate loaded niosomes were prepared with non-ionic surfactant by 

transmembrane pH gradient drug uptake method. The niosomes were evaluated for drug 

toxicity and antiproliferative activity. The niosomes showed controlled delivery of drug 

with least toxicity  and more antiproliferation (Parthasarathi et al., 1994).  

Plumbagin loaded niosomes were prepared by thin film hydration method. The 

prepared niosomes were evaluated for antitumor activity. The results showed that the 

Plumbagin loaded niosomes were more effective and less toxic when compared with 

free drug (Naresh et al., 1996). 

The complex of methotrexate and β-cyclodextrin was made and then this 

complex was internalized in niosomes. The In-vitro release and subcutaneous injection 

was given for the estimation of solubility and antiproliferation of niosomes. The results 

showed that the hybrid methotrexate showed best results of In-vitro release and showed 

best solubility of the behavior and antiproliferation of niosomes (Tiwari et al., 1999). 

Cisplatin loaded niosomes were prepared with Span40 by thin film hydration 

and resulted in 7.7µm sized niosomal particles with 76% entrapment efficiency. The 

subcutaneous drug loaded niosomes were injected to the rabbit having VX2 sarcoma. 

The antitumor effect was seen better than the pure drug solution. Cisplatin loaded 

niosomes were releasing half of the drug within 8.4 h and is the best delivery of cisplatin 

(Yang et al., 2013).  

1.1.4.5  Antiviral drug delivery  

Acyclovir has short half-life and wide distribution was the need to 

manufacture niosomal delivery of acyclovir. The loaded niosomes were tested in cell 
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cultures against type-1 herpes simplex virus. The results revealed that the niosomes 

showed 3 times more activity then free drug solution (Monavari et al., 2014).  

 Biswajit et al., (2007) fabricated nano-liposomes and niosomes, prepared with 

lecithin and Span20 respectively containing acyclovir. The nanovesicles are designed 

to deliver the drug as a sustained release delivery system. The size was in a range of 

100-1000nm. The In-vitro release was measured, liposomes release 90% of the 

entrapped drug within 2.5 h and 50% from the niosomes was released in 3.3 h. The 

prepared niosmes were more stable than liposomes and released the drug as a sustained 

release.  

Genciclovir loaded niosomes were prepared with the help of Span60, Span40 

and cholesterol in different molar ratios to improve its oral bioavailability and 

prolongation of blood circulation. The niosomes prepared with Span60 and cholesterol 

in 3:2 molar ratios showed small sized (144nm) niosomes, PDI (0.08) with high 

entrapment efficiency (89% EE). In-vitro release of drug was calculated in 24 h was 

approximately 85% showing zero-order kinetics. In-vivo study in rats showed the 5-

times increase in oral bioavailability of the drug. The niosomal delivery of acyclovir is 

the best delivery for improved oral bioavailability and prolonged systemic circulation 

(Akhter et al., 2012).  

Niosomes containing ribavirin by thin film hydration technique with Span60, 

cholesterol and DCP in different molar ratios. The prepared niosomes were evaluated 

for their effect on liver. The results indicated that high entrapment efficiency and more 

stability. The niosomal formulation was injected intraperitoneal in two different groups 

of rats to evaluate the liver targeting of niosomes. The ribavirin concentration was 
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increased six-times as compared with free ribavirin drug solution and least side effects 

and toxicity at low doses (Hashim et al., 2010).  

1.1.5  Description of doxorubicin hydrochloride 

Doxorubicin hydrochloride belongs to a class of anthracycline antibiotics. It is 

widely used and important cytotoxic drug used against different types of solid tumors 

and hematologic malignancies (Benival & Devarajan, 2012; Goodman, 2006).  

1.1.5.1  IUPAC name  

(7S,9S)-7-[(2R,4S,5S,6S)-4-amino-5-hydroxy-6-methyloxan-2-yl]oxy-6,9,11-

trihydroxy-9-(2-hydroxyacetyl)-4-methoxy-8,10-dihydro-7H-tetracene-5,12-

dione;hydrochloride. 

1.1.5.2  Molecular Formula 

C27H30ClNO11  
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1.1.5.3  Structural Formula 

 

Figure 1.7: Structural formula of Doxorubicin hydrochloride (DOX-HCl) 

1.1.5.4  Molecular Weight 

579.983 g/mol  

1.1.5.5  Physical Appearance  

Orange-red thin needles 

1.1.5.6  Melting point 

203.89° C to 205° C 

1.1.5.7  Dissociation constant (pKa) 

pKa1 = 7.34 (phenol); pKa2 = 8.46 (amine); pKa3 = 9.46 (est) 
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1.1.5.8  Solubility  

Soluble in water (2600 mg/L) at 25° C; soluble in aqueous alcohols; 

moderately soluble in anhydrous methanol; insoluble in non-polar organic solvents.  

1.1.5.9  Biopharmaceutical Classification system category (BCS) 

Doxorubicin hydrochloride belongs to BCS class III drug with high solubility 

and low permeability (Benival & Devarajan, 2012).   

1.1.5.10  Mechanism of action 

Doxorubicin hydrochloride inhibits DNA synthesis, free radical formation,  

alkylation, crosslinking of DNA, prevention of separation of DNA strands, DNA 

damage by inhibition of topoisomerase 11 (Zeeshan & Sabir, 2017).  

1.1.5.11  Pharmacokinetics 

The dose range of doxorubicin hydrochloride is 30-70 mg/m2. The initial half-

life (distribution) is 5 min which indicates the rapid uptake by the tissues. Tissue 

elimination half-life is 20-48 h. The protein binding of doxorubicin and its major 

metabolite doxorubicinol is approximately 74-76%. It is also excreted in the milk of 

lactating mother about 4.4 folds greater than plasma concentration. It is excreted in bile 

and by metabolism in the range of 324-829 mL/min/ m2. The drug dose appears about 

40% in bile in 5 days and 40-12 % in urine (Connor et al., 2004; McDiarmid et al., 

1996).   
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1.1.5.12  Therapeutic indications 

Doxorubicin is used against hematologic malignancies, leukemia, 

lymphomas, adenocarcinoma of breast, neuroblastoma, ovarian cancer, lung cancer, 

malignant sarcomas, prostatic cancer and thyroid cancers (Zeeshan & Sabir, 2017). 

1.1.5.13  Adverse effects 

The toxic side effect of doxorubicin is cardiotoxicity. The reason of 

cardiotoxicity is the production of reactive oxygen radical. The signs and symptoms of 

toxicity are shortness of breath, tachycardia, cardiomegaly, ankle edema, 

hepatomegaly, pleural effusion and neck vein distention (Zeeshan & Sabir, 2017).  

1.1.6  Paclitaxel 

1.1.6.1  Description of Paclitaxel  

Paclitaxel (PTX) is antineoplastic drug, and it is being isolated from the bark 

of Taxus brevifolia. Paclitaxel is very effective cytotoxic agent which is activity against 

breast cancer, lung cancer, ovarian, prostatic cancer, colon cancer and brain cancers 

(Alemi et al., 2018a). 

1.1.6.2  IUPAC Name (systematic) 

(2α,5β,7β,10β,13α)-4,10-Diacetoxy-13-{[(2R,3S)-3-(benzoylamino)-2-

hydroxy-3-phenylpropanoyl]oxy}-1,7-dihydroxy-9-oxo-5,20-epoxytax-11-en-2-yl-

benzoat 

1.1.6.3  Molecular Formula 

C47H51NO14 
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1.1.6.4  Structural Formula 

 

Figure 1.3: Structure of Paclitaxel 

1.1.6.5  Molecular Weight 

853.918 g/mol 

1.1.6.6  Physical Appearance 

It is in needle or fine white powdered form.  

1.1.6.7  Melting Point 

216-217 ⁰C 

1.1.6.8  Solubility 

It is insoluble in water 
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1.1.6.9  Biopharmaceutical Classification System Category (BCS category) 

The BCS category of paclitaxel is IV (Varma & Panchagnula, 2005) which is 

low solubility and low permeability. 

1.1.6.10  Mechanism of action 

Paclitaxel is an anticancer drug and is antimicrotubular activity which retards 

the mitosis. It also produces reactive oxygen species in the cancerous cells and results 

in the anticancer effect (Alexandre et al., 2007).  

1.1.6.11  Pharmacokinetics 

The volume of distribution of paclitaxel is 67 L/m2 and it depends on the dose 

administered. The plasma protein binding is 88-98 %, metabolized in liver and its 

metabolites are 67% is 6α-hydroxy-paclitaxel due to the activity of CYP 2C8 enzyme 

and 37% are 3-p-hydroxypaclitaxel and 6α,3-pdihydroxypaclitaxel due to CYP 3A4. 

Its terminal half-life is 10 h. It is excreted 14 % unchanged in urine and 71 % in feces 

(Stage et al., 2018).  

1.1.6.12  Therapeutic Indications 

Primarily it is used in breast cancer, lung cancer, ovarian cancer and Kaposi’s 

sarcoma. It is also used in lung cancer, cervical cancer, esophageal cancer, head and 

neck cancers, bladder and endometrial cancers (Stage et al., 2018).  
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1.1.6.13  Adverse effects 

Adverse effects of paclitaxel are myalgias, bradycardia, hypotension, 

hypersensitivity reactions, myelosuppression, peripheral neuropathy, arthralgias, 

diarrhea, alopecia, nausea and mucositis (Marupudi et al., 2007).  
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2. Aims and Objectives 

The main objectives of the current study were as follows: 

• To prepare niosome formulation optimization by encapsulating hydrophobic drug 

(rifampicin) with maximum entrapment efficiency and least particle size. 

• To improve the solubility of the drug.  

• To improve the In vitro release of the drug.  

• To optimize the niosome formulation for the encapsulation of hydrophilic and 

hydrophobic drugs codelivery. 

• To improve the In vitro release of codelivery.  

• To encapsulate the cytotoxic drugs (ceftriaxone sodium and paclitaxel) individually 

and in-combination in niosomes. 

• To prepare sustained drug delivery of niosomes. 

• To check the effect of cytotoxic drugs containing niosomes on MCF-7 and PC-3 cell 

lines. 

• To check the toxicity, antiproliferation activity and cellular uptake of the prepared 

niosomes. 
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3.  Materials and Method 

3.1  Materials 

Sorbitan monostearate (Span 60, Sigma-Aldrich, USA) 

PEO-PPO-PEO copolymer (polyethylene oxide-polypropylene oxide-polyethylene 

oxide copolymer, Pluronic L121, Mn 4400, Sigma-Aldrich, USA) 

Dicetylphosphate (DCP, Sigma-Aldrich, USA) 

Cholesterol (Sigma-Aldrich, USA) 

Rifampicin (Orion Pharma, Finland) 

Ceftriaxone (Orion Pharma, Finland) 

Doxorubicin hydrochloride (Fluorochem, UK) 

Paclitaxel (Fluorochem, UK) 

Water Milli-Q (Millipore, Merckmillipore, USA). 

3.2  Equipments 

Probe Sonicator (Sonics & Materials, Inc, VC 505, USA). 

Zeta-sizer Nano ZS (Malvern Instruments Ltd., USA). 

Differential Scanning Calorimetry (DSC 823e, Mettler Toledo, USA). 

Fourier Transform Infrared Spectroscope (Bruker Optics, Germany). 

Attenuated Total Reflectance (ATR) (MIRacle, Pike Technology, Inc., Germany). 
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Stability chamber 

UV-Vis spectrophotometer (UVe1600PC, VWR Int. bvba, China).   

Varioskan Flesh (Thermo Fisher Scientific Inc., USA). 

High Performance Liquid Chromatography (Agilent 1260, Agilent Technologies, 

USA). 

Transmission Electron Microscopy (TEM, Jeol JEM-1400, Jeol Ltd, Japan). 

3.3  Methods 

3.3.1  Preparation of Optimized Formulation of Niosomes Using Rifampicin 

The niosomes were prepared by probe sonication method. In the method, 

rifampicin drug was mixed in 15ml water with the aid of magnetic stirrer. After which 

cholesterol, Span60 and Pluronic L121 and dicetylphosphate were added. The 

compositions of formulations are indicated in Table 3.1. The mixtures were then 

subjected to probe sonication for 5 minutes at 57°C of probe temperature in a pulsatile 

manner (50 sec sonication with 10 sec pause) at an amplitude of 30%. After probe 

sonication, prepared niosomes formulations were collected and stored at 4⁰C for further 

characterizations (Khan et al., 2017). 
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Table 3.1: Composition of different niosome formulations containing rifampicin 

Formulation 
Span60 

(mg) 

Pluronic 

L121 

(mg) 

Cholesterol 

(mg) 

DCP 

(mg) 

Drug 

(mg) 

Milli-Q 

H2O 

(ml) 

RA1 43 290 77.3 1 - 15 

RA2 43 290 77.3 1 10 15 

RA3 43 246 77.3 1 - 15 

RA4 43 246 77.3 1 10 15 

RA5 43 334 77.3 1 - 15 

RA6 43 334 77.3 1 10 15 

RA7 43 290 77.3 2 - 15 

RA8 43 290 77.3 2 10 15 

RA9 43 290 77.3 0 - 15 

RA10 43 290 77.3 0 10 15 
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3.3.2  Preparation of Optimized Formulation of Niosomes Using Rifampicin and 

Ceftriaxone Sodium 

The niosomes were prepared by probe sonication method. In the method, 

rifampicin and ceftriaxone sodium drugs were mixed in 15ml water with the aid of 

magnetic stirrer. After which cholesterol, Span60, Pluronic L121 and dicetylphosphate 

were added. The compositions of formulations are indicated in Table 3.2. The mixtures 

were then subjected to probe sonication for 5 minutes at 57°C of probe temperature in 

a pulsatile manner (50 sec sonication with 10 sec pause) at an amplitude of 30%. After 

probe sonication, prepared niosomes formulations were collected and stored at 4⁰C for 

further characterizations (Khan et al., 2017). 
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Table 3.2: Composition of different niosome formulations containing Rifampicin 

and Ceftriaxone sodium 

 

  

Formulations 

Span 

60 

(mg) 

Pluronic 

L121 

(mg) 

Cholesterol 

(mg) 

DCP 

(mg) 

Ceftriaxone 

sodium 

Drug (mg) 

Rifampicin 

Drug (mg) 

Milli-

Q 

H2O 

(q.s) 

E1 43 290 77.3 1 - - 15ml 

E2 43 290 77.3 2 - - 15ml 

E3 43 290 77.3 0 - - 15ml 

E4 43 246 77.3 1 - - 15ml 

E5 43 334 77.3 1 - - 15ml 

CR1 43 290 77.3 1 10 10 15ml  

CR2 43 290 77.3 2 10 10 15ml  

CR3 43 290 77.3 0 10 10 15ml 

CR4 43 246 77.3 1 10 10 15ml 

CR5 43 334 77.3 1 10 10 15ml 
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3.3.3  Preparation of Niosomes Containing Cytotoxic Drugs 

The niosomes were prepared by probe sonication method using formulations 

already optimized in a previous manuscript (D. H. Khan et al., 2019). In the method, 

first drugs Doxorubicin-HCl (DOX) and Paclitaxel (PXT) individually or as a 

combination were mixed in 15ml water with the aid of magnetic stirrer. After which 

cholesterol, Span60, Pluronic L121 and dicetylphosphate were added. The 

compositions of formulations are indicated in Table 3.3. The mixtures were then 

subjected to probe sonication (Vibra Cell, Sonics & Materials, Inc., USA) for 5 minutes 

at 57°C of probe temperature in a pulsatile manner (50 sec sonication with 10 sec pause) 

at an amplitude of 30%. After probe sonication, prepared niosomes formulations were 

collected and stored at 4⁰C for further characterization and cell line studies (Khan et al., 

2017). 
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Table 3.3: Compositions of different niosome formulations. Amounts of Span 60 

(43 mg), cholesterol (77.3 mg) and water (15 ml) were kept constant in 

all the batches 

 

Formulations 
Span 60 

(mg) 

Pluronic 

L121 (mg) 

Cholesterol 

(mg) 

DCP 

(mg) 

DOX 

(mg) 

PXT 

(mg) 

Water 

(mL) 

D-1 43 290 77.3 1 2 - 15 

D-2 43 290 77.3 2 2 - 15 

D-3 43 290 77.3 0 2 - 15 

D-4 43 246 77.3 1 2 - 15 

D-5 43 334 77.3 1 2 - 15 

P-1 43 290 77.3 1 - 2 15 

P-2 43 290 77.3 2 - 2 15 

P-3 43 290 77.3 0 - 2 15 

P-4 43 246 77.3 1 - 2 15 

P-5 43 334 77.3 1 - 2 15 

DP-1 43 290 77.3 1 2 2 15 

DP-2 43 290 77.3 2 2 2 15 

DP-3 43 290 77.3 0 2 2 15 

DP-4 43 246 77.3 1 2 2 15 

DP-5 43 334 77.3 1 2 2 15 

E-1 43 290 77.3 1 - - 15 

E-2 43 290 77.3 2 - - 15 

E-3 43 290 77.3 0 - - 15 

E-4 43 246 77.3 1 - - 15 

E-5 43 334 77.3 1 - - 15 
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3.4  Characterizations  

3.4.1  Attenuated Total Reflectance-Fourier Transform Infrared (ATR-FTIR) 

Spectroscopy 

The possible interactions between the drug, non-ionic surfactants and 

membrane additives were studied by Attenuated Total Reflectance - Fourier Transform 

Infrared (ATR-FTIR) spectroscopy. The ATR-FTIR analysis of all the individual 

components, physical mixture and one niosome formulation were performed. The 

spectra were collected by using FTIR spectrophotometer (Bruker Optics, Germany) 

with an additional horizontal accessory of ATR (MIRacle, Pike Technology, Inc., 

Germany). The spectra were recorded from wavenumber (400-4500 cm-1) with a 4 cm-

1 resolution by using (OPUS 5.5) software at an ambient temperature (Khan et al., 2015; 

Khan et al., 2016).  

3.4.2  Thermal Analysis 

The physical state of the rifampicin in the selected formulation was estimated 

by using Differential Scanning Calorimetry (DSC 823e, Mettler Toledo, USA). Pure 

drug, individual niosome constituents, physical mixture and selected formulation were 

accurately weighed (3-5 mg) in aluminium pan. The thermal scanning was carried out 

at 5 °C/min and heated from 25 °C to 260 °C. The scans were recorded under the flow 

of nitrogen gas at a rate of 50 mL/min (El-Badry et al., 2015). 

3.4.3  Drug Entrapment Efficiency 

For determining the drug entrapment efficiency, the formulations were 

ultracentrifuged at 28000 rpm for 1 hour at 4 °C (Beckman Coulter, Optima LE-80K, 

USA). The supernatant was collected, the pellet at the bottom of the centrifuge tube 
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was washed twice with water, water was collected, and centrifugation was repeated. 

Drug concentration in the aqueous solution containing supernatants and water used for 

washing was determined. The percentage entrapment efficiency (EE%) of rifampicin 

was calculated by the 

following equation (Equation 1) (Maestrelli et al., 2017): 

EE% = [(Qt - Qr)/Qt] x 100, (1) 

where Qt is the amount of drug initially used for the preparation of niosomes and Qr is 

the amount of drug present in supernatant after centrifugation. 

3.4.4  Differential Light Scattering Measurement 

The diameter of the niosomes (z-average), polydispersity index (PDI) and zeta 

potential were measured for all the formulations using Zetasizer Nano ZS (Malvern 

Instruments Ltd., USA). The niosomal dispersions (20 μL) were diluted with water (15 

mL) before the measurement to avoid multi scattering phenomenon. All the 

measurements were performed in triplicates (Maestrelli et al., 2017). 

3.4.5  Transmission Electron Microscopy 

The morphology of the niosomes was analyzed by the transmission electron 

microscopy (TEM, Jeol JEM-1400, Jeol Ltd, Japan) using an acceleration voltage of 80 

kV. For the sample preparation, niosomal dispersions were negatively stained with 

freshly prepared 2% uranyl acetate solution, mounted on a carbon-coated copper grid, 

and air-dried before analysis (Muzzalupo et al.,s 2017). 
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3.4.6  Stability Studies 

The stability of niosome formulations was determined by storing the niosomal 

dispersions in sealed 20 mL glass vials at 4 °C in refrigerator. The size, PDI and zeta 

potential values of the stored formulations were evaluated at predefined time intervals 

(0, 1, 2, 3 and 4 weeks after preparation). Besides this, visual examination about the 

physical changes was also done (Amiri et al., 2018). 

3.4.7  Drug Release Studies 

The drug release studies were carried out at phosphate buffer pH 7.4 solution in 

a vessel using a magnetic stirrer. For the dissolution study, dialysis membrane was 

soaked in water for 24 hours prior the testing. Just before the dissolution tests, the 

aqueous dispersions of the formulations (1 mL) were poured inside the dialysis 

membrane, clamped and put into the dissolution vessel. The study was carried out at 37 

°C, the amount of the medium was 350 mL, and stirring speed was 100 rpm. The 

aliquots were sampled at predefined time intervals (0, 15 min, 30 min, 45 min, 60 min, 

75 min, 105 min, 2.5 h, 4 h, 5.5 h, 8 h, 10 h, 12 h) and replenished with the same amount 

of fresh buffer. Samples withdrawn from the dissolution media were analyzed on the 

UV-Vis spectrophotometer (UV-1600PC, VWR Int. bvba, China) at a wavelength of 

475 nm for doxorubicin at 480 nm (Khan et al., 2016).  

In the HPLC method, the column used for the PXT detection was C18 (4.6 × 

150 mm × 5 mm, Supelco Discovery C18, Phenomenex, USA), and the mobile phase 

used consist of water and acetonitrile (53:47, v/v). The flow rate was 1.0 mL/min, the 

temperature of column was 25°C, and the wavelength used for the drug detection was 

227 nm. The injected volume of the drug solution was 20 μL.  
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3.5  Cell Line studies of cytotoxic drug containing niosomes 

3.5.1  Cell culturing 

The MCF-7 breast cancer cells and PC3-MM2 human prostate cancer cells were 

grown in 75 cm2 culture flasks (Corning Inc. Life Sciences, USA) by incubating in 5% 

CO2 in a gas incubator (Heraeus Instruments GmbH, Germany) adjusted at 37°C with 

95% humidity. MCF-7 and PC3-MM2 cells were cultured in DMEM culture media. 

The medium was supplemented with 1% nonessential amino acids (NEAA), 10% (v/v) 

fetal bovine serum (FBS), 1% L-glutamine, and 1% penicillin/streptomycin (PEST). 

Cells were thawed from the frozen stock and sub cultured at 80% confluency (Tahir et 

al., 2017). 

3.5.2  Cytotoxicity studies  

The In vitro cytotoxicity of the niosomes was studied for the evaluation of the 

safety of the formulations. The viability of MCF-7 and PC3-MM2 cells was calculated 

with the aid of cell viability kit (ATP-based).  

Briefly, the cells were seeded in 96 well plates at a concentration of 2× 105 

cells/mL (100 µL) and incubated over-night for the attachment. The niosomes were 

prepared in the medium with the concentration ranging from 25 to 1000 μg/mL. The 

cell medium in 96-well plates was then replaced with the 100 µL of the fresh medium 

containing niosomes and incubated for the specified time (6 h). After the incubation, 

the ATP-based viability was measured by further adding 100 μL of reagent assay into 

each well (CellTiter-Glo Luminescent Cell Viability Assay, Promega, USA). The 

luminescence was measured with Varioskan Flesh (Thermo Fisher Scientific Inc., 

USA). The cells incubated with the cell culture medium and with Triton X-100 (1%) 
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were measured as positive and negative controls, respectively. All the measurements 

were made triplicate (Tahir et al., 2017). 

3.5.3  Cell uptake studies 

For qualitative evaluation of the cellular uptake of niosomes. The 200 µL of 

MCF-7 and PC3-MM2 cells were seeded into an 8-chamber slides (Nunc Lab-Tek II 

Chamber Slide System, Thermo scientific, Inc., USA) at a density of 2.5 × 104 cells 

per well incubated at 37 °C over-night for proper attachment of the cells to the chamber. 

After the removal of the cell media, the cells were washed with HBSS-HEPES buffer 

(pH 7.4). FITC-labeled niosomes were prepared by loading the FITC during the 

aforementioned method for the preparation of drug loaded niosomes. 200 μL of FITC 

labelled niosome suspension with different concentration were added in each chamber 

and incubated at 37 °C for 6h. After incubation, the cells were washed thrice with 

HBSS-HEPES buffer (pH 7.4) to remove the free niosomes and the cell membrane was 

stained with CellMask Deep Red ((5 μL/mL) (Invitrogen, USA) for 3 min at 37 °C. 

Cells were again washed with the HBSS-HEPES buffer (pH 7.4) and the cells were 

washed and fixed with 4% paraformaldehyde (PFA) for 15 min and washed with HBSS-

HEPES buffer (pH 7.4), afterthe nuclei was stained by adding 200 μL of DAPI (4',6-

Diamidino-2-Phenylindole, 2.8 μL/mL, Thermo Scientific, USA) for 5 min washed 

again   and then stored with 200 μL of HBSS-HEPES buffer (pH 7.4). The interaction 

of the niosomes with the cells was observed with a Leica SP5 inverted confocal 

microscope (Leica Microsystems, Germany), using a 63×/1.2-0.6 oil immersion 

objective (Tahir et al., 2017). 

3.5.4  Anti-proliferation assay  
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The in vitro cell growth inhibition of the drug-loaded niosomes was evaluated 

against the MCF-7 and PC3-MM2 cancer cells by cell proliferation experiments. The 

antiproliferation effects of free doxorubicin, paclitaxel and drugs loaded niosomal 

formulations at different concentrations ranging from 25-500 µg/mL) were measured 

using the previously described protocol for the cytotoxicity studies. All the experiments 

were repeated three times (Tahir et al., 2017). 

3.6 Statistical Analysis 

 The results were analyzed by using SPSS® two tail test statistics was applied, 

and results were interpreted. 
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4.1  Physical characterization of niosomes containing Rifampicin 

Rifampicin loaded niosomes were prepared with the combination of surfactants 

Span 60 and Pluronic L121. All the formulations of niosomes were containing equal 

quantities of Span60, cholesterol and drug. By changing the quantities of Pluronic L121 

and DCP, the composition for optimized formulation was determined. Three different 

levels of these two parameters were studied in the central composite design (CCD). The 

optimization of the process was performed based on the critical quality attributes 

(CQAs). Selected CQAs for niosomal formulations were small size (size below 350 

nm), low PDI (< 0.5) and negative zeta potential (<−25 mV). The value of PDI less 

than 0.5 is considered to have low polydispersity and low/no aggregation as it has been 

approved in previous studies (Mahale et al., 2012). The zeta potential is related to the 

stability of the niosomes and it is due to the addition of DCP as a membrane additive. 

Mahale et al., (2012) reported that the absolute values of zeta potential close to 30 mV 

or higher are considered more stable due to the electrostatic repulsive forces.  

Keeping in view the previous studies, the addition of cholesterol gives rigid, 

stable and intact niosome structures with low PDI value, while, without cholesterol, 

formulations have gel like appearance (Somjid et al., 2018). The investigation of 

previous studies concluded that Span 60 leads to stable and large sized niosomes with 

maximum entrapment efficiency, and the high HLB value (more than 11) hinders the 

formation of vesicles (Basiri et al., 2017). Previous studies concluded that the poorly 

water-soluble drugs are entrapped efficiently by Pluronic L121 and it leads to low PDI 

value as well as more stable vesicular niosomes (Abdelbary & Tadros, 2013; Lee et al., 

2005; Lee et al., 2011). Helal et al., (2015) observed that the membrane additive DCP 

is a negative charge imparting agent, which reduces the aggregation tendency due to 

significant interparticle electric repulsion and it helps to formulate monodisperse 
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niosomes with low PDI value. Accordingly, in this study the amount of Pluronic L121 

and DCP were the variables for the factorial design in order to optimize the composition 

based on CQAs. 

First, formulations without the drug were produced, in order to find the central 

point for the composition design when the formulation filled the CQA criteria, model 

drug was added to the composition, and the central composite design model was formed 

(Table 3.1). Based on the preliminary screening studies, niosomes containing 290 mg 

of Pluronic L121 and 1 mg of DCP fulfilled all the CQA criteria, and hence this 

composition was selected as a central point for the factorial design (RA1). The 

compositions of the different formulations are shown in table 3.1.  

The particle size information, PDI values and zeta potentials of different studied 

formulation are shown in Table 4.1. The particle size in all the formulations ranged 

between 193 nm and 893 nm and PDI values were from 0.38 to 0.72. All the drug 

containing formulations fulfilled the particle size requirement of CQAs: the particle 

sizes ranged from 205 nm to 350 nm. The largest particle size was reached with the 

composition having lowest amount of DCP (RA10), and the smallest particles were 

formed with the lowest amount of Pluronic L121. The center point with the drug (RA2) 

showed PDI value a little above the CQA value, but all the other drug containing 

compositions showed acceptable PDI values which are also similar to the previous 

observations (Khan et al., 2019). The results are indicated in table 4.1. Differences in 

size and PDI between the unloaded and drug loaded niosomes were small, except with 

the highest Pluronic L121 concentration (RA5 vs. RA6) which is in line with the 

previous findings (Khan et al., 2016). 

 

 

 



47 
 

Table 4.1: Size, PDI, zeta-potential and entrapment efficiency values of different 

niosomal formulations 

 

 

Formulations 
Size average 

(nm) 
PDI 

Charge 

(mV) 
EE% 

RA1 195.6 ± 12.8 0.492 ± 0.047 −27.5 ± 0.9 - 

RA2 314.8 ± 23.9 0.548 ± 0.087 −32.0 ± 0.1 73.38% 

RA3 300.5 ± 36.6 0.448 ± 0.034 −38.8 ± 0.3 - 

RA4 205.6 ± 10.0 0.482 ± 0.034 −35.6 ± 1.7 71.13% 

RA5 893.6 ± 135.5 0.725 ± 0.117 −39.9 ± 5.2 - 

RA6 297.8 ± 2.4 0.387 ± 0.005 −36.0 ± 0.5 65.64% 

RA7 236.3 ± 36.0 0.391 ± 0.105 −27.5 ± 0.9 - 

RA8 255.3 ± 24.6 0.381 ± 0.053 −37.6 ± 1.0 75.37% 

RA9 443.5 ± 86.7 0.469 ± 0.037 −34.9 ± 3.4 - 

RA10 350.8 ± 62.3 0.481 ± 0.072 −35.5 ± 0.7 80.11% 
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4.2  Transmission Electron Microscopy 

TEM image of the optimized formulation is shown in Figure 4.1. Based on the 

TEM image, niosomes have well defined spherical shape with a definite wall enclosing 

aqueous core. Moreover, the mean niosome size from TEM analysis was in a good 

agreement with that obtained by DLS experiment. 

The stability of the niosomal formulations at 4°C was studied by monitoring the 

changes in the particle size, PDI and zeta potential values. After one week of storage, 

size and PDI values were slightly lowered. The formulations showed zeta potential 

values between −27 mV and −39 mV which are shown in Table 4.2. High absolute zeta 

potential values in all the formulations indicated good stability. During the storage time 

of one month at the 4 °C, only minor changes in zeta potential values as well as in 

particle size and PDI values were observed, indicating good stability of all the studied 

niosomal formulations. The observations are similar in line with the previous studies 

(Nandhakumar et al., 2017).  
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Figure 4.1: TEM image of the optimized niosomal formulation 
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4.3  Drug entrapment efficiency (EE%) 

Entrapment efficiency is an important factor that depicts the formulation 

characteristics of niosomes. The entrapment efficiency of the formulations was 

increased from 71.13% to 73.38% as the amount of Pluronic L121 was increased (from 

246 to 290 mg), but the difference was very small. At the same time, particle size was 

increased from ca. 205 nm–315 nm. Accordingly, it is difficult to say if the amount of 

Pluronic L121 or the change in particle size has more impact on the entrapment 

efficiency. With small particle systems it is typical that the increase in particle size also 

increases the entrapment efficiency. When the Pluronic L121 amount was further 

increased (to 334 mg) the entrapment efficiency was decreased (65.64%), but the 

particle size was kept quite constant. The critical micelle concentration (CMC) of 

Pluronic L121 is 0.0004 (wt%), so its concentration in all the formulations were above 

the CMC (Krupka & Exner, 2011). However, when the Pluronic concentration was the 

highest, the increased solubilization tendency of Pluronic L121 resulted that more 

rifampicin was soluble in aqueous media, which was also reflected by the previous 

findings (Lee et al., 2011; Mahale et al., 2012a). 

When considering the impact of DCP, formulation without DCP showed 

maximum entrapment efficiency (80.11%). As the DCP concentration was increased (1 

mg) the entrapment efficiency decreased, but further increase in the concentration of 

DCP (2 mg) increased the entrapment efficiency as indicated in Table 4.1. Again, the 

highest entrapment efficiency was reached with largest particle size (ca. 350 nm), which 

might be the main reason behind this behavior instead of the changes in the amount of 

DCP. Accordingly, the amount of DCP alone is not directly responsible for the behavior 

and these parameters need to be looked in combination, this is also similar in line with 

the previous observations (Essa, 2010). 
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4.4  Interaction studies 

4.4.1  Attenuated Total Reflectance-Fourier Transform Infrared (ATR-FTIR) 

Spectroscopy 

The ATR-FTIR study has a major role in pharmaceutical compatibility 

assessment of all the ingredients used in the formulation development. The technique 

is used as a pre-formulation study for the development of products. The ATR-FTIR 

spectra of rifampicin, all the excipients individually, the physical mixture of the 

optimized formulation and corresponding optimized niosomal formulation are shown 

in Figure 4.2. 

Rifampicin as a pure drug showed the characteristic band peak at 1713 cm−1 due 

to acetyl group and 1733 cm−1 due to furanone C=O. Vibration on a broad band 3565-

3150 cm−1 due to -OH, 1566 cm−1 due to amide C=O and 2883 cm−1 due to N-CH3 

groups as reported earlier (Vora et al., 2013). Span 60 showed the peaks at 2916.75 

cm−1 -OH stretch, broad), 2849.58 cm−1 -OH stretch, broad), a cyclic 5-membered ring 

peak at 1734.65 cm−1 and small peaks from 1000 to 1200 cm−1 due to aliphatic groups 

which is also described in previous studies (Fa-Tang  et al., 2008). Pluronic L121 

showed the peak stretch at 2990 cm−1 of as asymmetrical methyl C-H, scissoring of C-

H bondage at 1480 cm−1, symmetrical C-H bond at 1387 cm−1 and at 1120 cm−1 an ether 

linkage (C-O-C) as suggested earlier (Newman et al., 1998). Cholesterol showed the 

ATR-FTIR peaks at 2931.41 cm−1, 2866.83 cm−1, 1770.20 cm−1, and 1055.17 cm−1 due 

to (acetyl group, symmetric -CH3, vinyl group and R-O group) respectively as 

discussed in previous studies (Khan et al., 2015). 
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The ATR-FTIR spectra of physical mixture of the optimized formulation and 

niosomes of the same formulation were evaluated for identifying any changes in peaks 

or peak shifts indicating interactions in the formulation (Figure 4.2). The spectra of 

physical mixture of the formulation and optimized niosomes were similar and they both 

showed diffusion of the peaks. Khan et al., (2017); Nasseri, (2005) concluded in earlier 

studies that Spans and cholesterol resulted in membrane stabilization in niosomes, is 

based on interactions between the glycerol oxygen in Spans and β-OH group in 

cholesterol, which was causing changes in the spectra. Characteristic spectral features 

of the drug were not seen in the spectra of physical mixture or niosomes which is also 

observed in many studies (Khan et al., 2016). The relative drug amount in these samples 

were very low, and it is possible that the concentration in the mixture is below the 

detection limit, and/or overlapping events are disturbing the analysis. 
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Figure 4.2. ATR-FTIR spectra of pure materials, physical mixtures and 

optimized niosomes containing rifampicin 
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4.4.2  Thermal analysis 

In thermal analysis, Span 60, DCP, cholesterol and rifampicin showed their 

characteristic melting endotherm at 54 °C, 78 °C, 150 °C, and 182 °C, respectively, as 

shown in Figure 4.3. Nasseri, (2005) reported in previous studies that the physical 

mixture showed a slightly broader peak at 57 °C indicating the slight interaction 

between the Span 60 and cholesterol. The optimized niosome formulation indicated 

extra peaks between the 79°C-107°C indicating material interactions. These 

interactions increased the stability and rigidity of the vesicular bilayer in niosomes. 

Also considerably high entrapment efficiency values as well as enhanced storage 

stability were also observed.  

No rifampicin melting peak or shift in the baseline due to Tg (glass transmission 

temperature) of amorphous drug was seen in the physical mixture nor in the prepared 

niosomes. The drug amount in the composition was low, which could be one reason for 

that these events are not seen in the thermograms, or drug might have formed molecular 

level mixtures with excipient(s). However, based on the results, it is impossible to 

confirm what was the reason. Molecular level mixtures can increase the entrapment 

efficiency values, and physical form of the drug inside the niosomes is important 

because it can influence the In-vitro and In-vivo release patterns of the drug which is 

reported in previous findings (Sezgin-Bayindir & Yuksel, 2012). 

 

  



55 
 

 

 

 

 

 

 

 

 

Figure 4.3: DSC thermograms of pure materials, physical mixtures and optimized 

niosome formulation 
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4.5  Stability studies 

The storage stability at 4°C of all the niosome formulations with or without drug 

was studied for a period of 1 month which is shown in Table 4.2. After one week of 

storage time, formulations RA6 containing highest amount of Pluronic L121 and RA8 

with highest amount of DCP resulted in slightly reduced niosome size. All the other 

drug loaded niosomes increased in size during the first week of storage. This kind of 

behavior is typical for niosomes. When the sonication stress is over, e.g. after one week 

of storage, niosomes are relaxed and they become fully matured due to which particle 

size reaches the stable final value as concluded in previous studies (Khan et al., 2016). 

After the first week, all the formulations tended to reduce in size. The 

formulation RA7 of empty niosomes and corresponding drug loaded formulation RA8 

showed the best results, small stable particle size with low PDI value throughout the 1-

month storage period. The formulations RA7 without drug and RA8 with rifampicin 

contained high concentration of DCP (2 mg, Table 4.2). With these niosomes (RA7 vs 

RA8), addition of the drug to the composition clearly increased the particle size, same 

kind of behavior was also seen with the central point (RA1 vs RA2) composition.  

PDI values of all the freshly prepared formulations were less than 0.5 except 

formulation RA5 (0.725). After one week, the PDIs of all the formulations were 

reduced, though PDI of RA5 was still slightly higher than 0.5. The formulations RA7 

(without rifampicin) and RA8 (with rifampicin) showed most stable and low PDI values 

during the storage indicating good stability.  

If the zeta-potential of niosomes is close to or below −30 mV, particles are quite 

stable due to interparticle repulsive forces, which are able to prevent particle 

aggregation. All the formulations in this study showed negative zeta-potentials close to 
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or below −30 mV, and the differences in zeta-potential values were small. Accordingly, 

based on zeta-potential values there were no big differences between the different 

formulations. 
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Table 4.2: Particle size, PDI and zeta-potential values of different niosomal formulations after 0, 1, 2, 3 and 4 weeks storage at 4°C 

T
im

e 

P
a

ra
m

et
er

s 

RA1 RA2 RA3 RA4 RA5 RA6 RA7 RA8 RA9 RA10 

0
 w

ee
k

 Size (nm) 195.6±12.8 314.8±23.9 300.5±36.6 205.6±10.0 893.6±135.5 297.8±2.4 236.3±36.0 255.3±24.6 443.5±86.7 350.8±62.3 

PDI 0.492±0.047 0.548±0.087 0.448±0.034 0.482±0.034 0.725±0.117 0.387±0.005 0.391±0.105 0.381±0.053 0.469±0.037 0.481±0.072 

Charge 

(mV) 
-27.5. ±0.9 -32.0±0.1 -38.8. ±0.3 -35.6± 1.7 -39.9. ±5.2 -36.0± 0.5 -27.5± 0.9 -37.6± 1.0 -34.9± 3.4 -35.5 ±0.7 

 
          

1
 w

ee
k

 Size (nm) 223.4±11.4 436.1±16.4 199.3±5.4 257.5±19.0 244.8±7.7 242.0±7.3 175.8±5.8 337.9±12.8 294.4±8.0 211.7±14.1 

PDI 0.340±0.046 0.458±0.030 0.282±0.014 0.410±0.007 0.535±0.020 0.381±0.020 0.198±0.040 0.240±0.022 0.362±0.038 0.258±0.030 

Charge 

(mV) 
- 23.8. ±1.0 - 31.4±1.1 - 28.5 ±0.6 - 26.2±0.4 - 30.4 ±0.5 - 22.4± 0.7 - 26.9± 0.9 - 28.2± 1.0 - 28.2± 1.0 - 29.3±2.1 

 
          

2
 w

ee
k

s Size (nm) 191.9±3.3 300.1±18.9 212.7±6.1 284.4±32.5 245.2±5.5 253.8±20.1 178.7±3.6 253.5±25.3 347.4±8.9 327.8±49.8 

PDI 0.168±0.039 0.287±0.023 0.299±0.022 0.450±0.008 0.543±0.015 0.358±0.015 0.169±0.028 0.272±0.045 0.375±0.030 0.424±0.002 

Charge 

(mV) 
- 23.8. ±1.0 - 24.2±0.9 - 28.2 ±3.0 - 21.2±2.2 - 26.3 ±0.5 - 28.0± 1.3 - 28.1± 2.2 - 23.7± 0.6 - 29.5±2.6 - 23.8±0.6 

 
          

3
w

ee
k

s 

Size (nm) 199.4±4.9 325.9±12.8 208.7±4.6 258.9±27.1 291.6±8.3 173.0±12.2 172.2±1.7 240.4±2.4 296.3±12.6 251.2±22.7 

PDI 0.213±0.011 0.310±0.031 0.324±0.020 0.359±0.026 0.532±0.051 0.362±0.054 0.151±0.033 0.232±0.019 0.320±0.051 0.335±0.036 

Charge 

(mV) 
- 27.2 ±0.4 - 24.1±0.2 - 31.6 ±2.2 - 22.2±0.6 - 28.9 ±0.2 - 22.3± 2.7 - 28.9± 0.5 - 23.9± 0.6 - 28.6±1.5 - 24.9±1.4 

 
          

4
 w

ee
k

s Size (nm) 186.8±1.6 328.3±14.4 190.0±2.5 211.4±12.8 255.8±34.8 160.8±20.6 182.0±2.7 250.9±15.9 311.8±8.1 311.7±30.5 

PDI 0.138±0.025 0.509±0.077 0.208±0.037 0.373±0.011 0.534±0.078 0.297±0.088 0.226±0.016 0.285±0.035 0.364±0.042 0.416±0.013 

Charge 

(mV) 
- 25.5 ±1.3 - 29.6±0.3 - 27.8 ±0.9 - 21.4±1.0 - 29.8 ±1.1 - 21.7± 1.5 - 27.3± 1.5 - 22.4± 0.2 - 26.7±0.2 - 23.6±0.3 
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4.6  Drug release studies 

The dissolution studies of all the rifampicin loaded formulations and control 

(pure rifampicin drug) was carried out in phosphate buffer saline pH 7.4 (Figure 4.4). 

A burst release of drug from all the niosome formulations was seen in the beginning of 

the dissolution testing, which was caused by the presence of Pluronic L121 the results 

are in accordance with the previous in-vitro release studies (Abdelbary et al., 2017). 

 Fa-Tang et al., (2008) previously reported that Pluronic L121 has good 

solubilization behavior due to which the dissolution rate of the niosomal formulations 

increased when compared with pure drug. The drug release profiles from all the 

niosomal formulations were similar during the first 2 h of drug release testing. After the 

first 2 h, the drug release increased following the order: RA6 < RA10 < RA4 < RA8 < 

RA2 with the percentages 61.69%, 62.75%, 66.84%, 70.78% and 75.90%, respectively, 

drug released within 12 h. it was observed that the pure drug was released 32.43% 

within 12 h. 

While the presence of Pluronic L121 increased the drug release in all the 

niosomal formulations, effect of its relative amount on the drug release was not that 

clear: with the highest amount of Pluronic L121 (334 mg), the formulation RA6 showed 

least drug released, and the formulation (RA4) with lowest amount of Pluronic L121 

(246 mg) showed comparatively more drug release. Highest drug release value 

(75.90%) was reached with the formulation RA2, which contained 290 mg Pluronic 

L121. Formulation RA10 without DCP and RA8 with highest amount of DCP (2 mg) 

released 62.75% and 70.78%, respectively.  

Particle sizes of the different drug loaded niosomal formulations were from 205 

to 350 nm; which was in similar with literature that particle size is also affecting the 
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drug release behavior, as well as the drug loading level in the formulations. The high 

concentration of cholesterol results in more rigid niosomes and DCP as a charge 

tailoring agent was changing the electrical properties of niosomes, which could have 

impacted on the interactions as well as drug release behavior as reported in previous 

studies (Khan et al., 2015).  

Formulations releasing highest amount of drug after 12 h during release testing, 

RA2 and RA8, were both containing 290 mg of Pluronic L121. The amount of DCP 

was 1 mg in RA2 and 2 mg in RA8. Their particle sizes (315 and 255 nm) and 

entrapment efficiencies (73% and 75%) had intermediate-level values. Accordingly, as 

discussed before, the faster dissolution rate was not caused by a single factor, but it was 

more combined effect. 
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Figure 4.4: Drug release profiles of niosome formulations containing rifampicin 

at pH 7.4 
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4.7  Physical characterization of niosomes containing Rifampicin and 

Ceftriaxone 

Rifampicin and ceftriaxone sodium loaded niosomes were prepared with 

varying concentrations of Pluronic L121 and DCP. The fixed concentrations of Span 

60, cholesterol and drugs were used which are indicated in table 3.2. The optimization 

of the formulations containing both drugs (ceftriaxone and rifampicin) was done 

depending on predefined CQAs as previously discussed. 

The niosomes have the size ranges between 164 nm to 893nm with PDI ranges 

between 0.333 to 0.725. The zeta potentials were ranged between -25.9 mV to 39.9mV 

which are indicated in table 4.3. 

The drug containing niosomes were having smallest size 164.8nm and highest 

size of 205.7nm, containing highest concentration of DCP. The size of the drug loaded 

niosomes was smallest with least PDI as reported in many previous observations  (Khan 

et al., 2017). Similarly, least quantity of Pluronic L121 resulted in high PDI but was 

within acceptable range of CQAs.  

The entrapment efficiency of all the formulations of niosome containing 

rifampicin and ceftriaxone was high with least difference. The formulations CR3, CR4 

and CR5 were having comparatively high entrapment efficiency. The formulations 

(CR3) was composed of without DCP. The formulation CR4 was prepared with least 

quantity of Pluronic L121 (246mg) and formulation (CR5) was containing highest 

quantity of Pluronic L121 (336mg). The quantities of Pluronic and DCP were having 

collective effect on CQAs and EE but exact reason is unknown.   
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4.8  Entrapment efficiency 

The percentage entrapment of the rifampicin which is hydrophobic in nature 

was high as compared to ceftriaxone sodium which is hydrophilic in nature. The percent 

entrapments efficiency is shown in the table 4.3. The entrapment efficiency of 

rifampicin of CR1, CR2, CR3, CR4 and CR5 was 98.71%, 98.86%, 99.59%, 99.30% 

and 99.49% respectively. Similarly, ceftriaxone sodium was entrapped in CR1, CR2, 

CR3, CR4 and CR5 (95.73%, 95.88%, 96.84%, 96.41% and 96.67% respectively). The 

entrapment efficiency of ceftriaxone containing formulation (CR3) without DCP was 

highest (96.84%). The formulations (CR4 & CR5) with least and maximum quantities 

of Pluronic L121 respectively also containing high EE (96.41% & 96.67 %) 

respectively which are shown in table 4.3.  
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Table 4.3: Physical characteristics of niosomes of ceftriaxone and rifampicin 

with percentage entrapment  

Formulations Size (nm) PDI 
Charge 

(mV) 

%EE 

Rifampicin 

% EE 

Ceftriaxone 

sodium 

E1 195.6±12.8 0.492±0.047 -27.5 ±0.9 - - 

E2 236.3±36.0 0.391±0.105 -27.5± 0.9 - - 

E3 443.5±86.7 0.469±0.037 -34.9± 3.4 - - 

E4 300.5±36.59 0.448±0.034 -38.8±0.3 - - 

E5 893.6±135.5 0.725±0.117 -39.9±5.2 - - 

CR1 187.2±3.5 0.421±0.018 - 25.9± 0.7 98.71 95.73 

CR2 164.8±6.1 0.333±0.039 - 29.1± 0.2 98.86 95.88 

CR3 192.5±13.7 0.455±0.087 - 37.2± 1.2 99.59 96.84 

CR4 195.4±16.6 0.499±0.036 - 28.6± 1.2 99.30 96.41 

CR5 205.7±18.9 0.473±0.095 - 29.6± 0.3 99.49 96.67 

 

  



65 
 

4.9  Transmission Electron Microscopy 

Transmission electron microscopy (TEM) study was carried out for the 

optimized formulations. The size of the niosome is in the agreement of DLS results as 

indicated in figure 4.5 which is similar in line with the previous reported observations 

(Figueiredo et al., 2017). 

 

Figure 4.5: TEM image of optimized formulation of niosome 

 

  



66 
 

4.10  Interaction studies 

4.10.1  ATR-FTIR Spectroscopy 

The ATR-FTIR spectroscopy is basically a pre-formulation study for the 

assessment of pharmaceutical compatibility of all the ingredients present in 

formulations. The ATR-FTIR spctra of rifampicin, ceftriaxone sodium, all the 

excipients individually, physical mixture of the optimized formulation and the 

optimized formulation are shown in figure 4.6.  

Rifampicin showed the band peak of acetyl group and furanone (C=O) at 1713 

cm-1 and 1733 cm-1 respectively. Vibration at broad band 3565 cm-1 -3150 cm-1 due to 

-OH group. Due to amide group (C=O) at 1566 cm-1 and N-CH3 at 2883 cm-1 which is 

reported in previous observations (Vora et al., 2013). 

Ceftriaxone sodium showed broad band 3530 cm-1 -3570 cm-1 due to amide 

group. In β-lactam ring, 6-H, 7-H stretching are shown at 2948. At 1772 cm-1 and 1670 

cm-1 stretching of C=O and of β-lactam and amide were seen. The stretching of oxime 

(C=N) was seen at 1592 cm-1 and vibration on broad band 1570 cm-1-1515 cm-1 due to 

acrylic amide. The stretching of C-O and N-O was seen at 1060 cm-1 and 1025 cm-1 

respectively as reported earlier (M. Owens & K. Dash, 2003).  

Span 60 showed the peaks at 2916.75 cm-1 and 2849.58 cm-1 due to -OH stretch. 

The 5-membered cyclic ring peak was seen at 1734.65 cm−1. The small broad band 

peaks from 1000 cm−1 to 1200 cm−1 were observed due to aliphatic groups which is 

reported in previous findings (Fa-Tang Li et al., 2008).  

Pluronic L121 showed the peak stretch of asymmetrical methyl C-H was seen 

at 2990 cm−1. The scissoring bondage of C-H group at 1480 cm−1, symmetrical C-H 

bond at 1387 cm−1 and ether linkage of C-O-C was seen at 1120 cm−1 which is reported 
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in previous observations (Newman et al., 1998). Cholesterol showed the ATR-FTIR 

peak of acetyl group at 2931.41 cm−1, -CH3 (symmetric) at 2866.83 cm−1, at 1770.20 

cm−1 due to vinyl group, and at 1055.17 cm−1 due to R-O group, which is observed in 

earlier findings (M.I. Khan et al., 2015). 

The spectra of physical mixture of optimized formulation and corresponding 

niosome formulation were same and the peaks were diffused. (Khan et al., 2017; 

Nasseri, 2005) concluded in earlier findings that glycerol of the Spans and β-OH group 

of cholesterol interacted with each other which caused changes in the spectra. 

Characteristic spectral peaks of pure drugs were not seen in the spectrum of niosome 

formulation which is also observed in the previous findings (Khan et al., 2016). 

The diffusion of the spectra of physical mixture and optimized formulation was 

noticed which indicated that the solubility of the drugs was increased as seen in the 

release studies of the formulations. 
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Figure 4.6: ATR-FTIR spectra of pure, physical mixture and optimized 

formulations containing ceftriaxone sodium and rifampicin 
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4.10.2  Thermal Analysis 

The DSC of pure materials, their physical mixtures and optimized formulations 

was done. The thermal analysis showed characteristic peaks of Span 60, cholesterol, 

DCP, rifampicin and ceftriaxone sodium at 54 °C, 150 °C, 78 °C, 184° C and 162 °C 

respectively which are shown in Figure 4.7. Also, a small peak of ceftriaxone was seen 

at 47 °C.  The physical mixture of optimized formulation showed a slightly broader 

peak at 59°C which is the indication of interaction of Span 60 and cholesterol as 

reported in previous observations (Khan et al., 2016).  

The optimized niosome formulation showed peaks between 79°C – 122°C 

which indicated the interaction between the ingredients. This interaction made the 

niosomes more stable and rigid with high EE of drugs. No characteristic peak was seen 

in the thermograms of physical mixture and formulation which indicated that drug 

existed in amorphous form, which indicated the solubility of the drug was increased.  
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Figure 4.7: DSC thermograms of pure materials, physical mixtures and 

optimized formulation of niosome containing ceftriaxone sodium and rifampicin 
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4.11  Stability Studies 

The stability study was carried out at 4⁰C for all the niosome formulations and 

the results are shown in table 4.4. After the storage of one week the formulations 

without drug loading shows the decrease in size. The formulations loaded with drugs 

showed slightly increase in size except formulation CR2 which is having high 

concentration of DCP. 

Formulations E1, E2, CR1 and CR2 showed the stable particle size with slight 

variation during the storage time of one month. The size of rest of the formulations 

gradually increase but remained in limit of CQAs. The PDI value of the formulation E5 

is 0.725 and remained high during storage. The formulation E5 is having highest 

quantity of Pluronic L121 and PDI value remained above 0.5 even after 1 week of 

storage. The drug loaded niosomes remained stable with PDI values below 0.5.  

The zeta-potential value of all the formulations remained close to or below -

30mV which indicates the most stable niosomes. The formulations E1, E2, CR1, CR2 

were the most stable niosome formulations with least particle size and PDI.  
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 Table 4.4: Stability study data of nioso me formulation containing rifampicin and ceftriaxone sodium stored at 4⁰C

Time  Parameters E-1 E-2 E-3 E-4 E-5 CR1 CR2 CR3 CR4 CR5 
0

 w
ee

k
s 

Z-Average Size 

(nm) 
195.6±12.8 236.3±36.0 443.5±86.7 300.5±36.59 893.6±135.5 187.2±3.5 164.8±6.1 192.5±13.7 195.4±16.6 205.7±18.9 

PDI 0.492±0.047 0.391±0.105 0.469±0.037 0.448±0.034 0.725±0.117 0.421±0.018 0.333±0.039 0.455±0.087 0.499±0.036 0.473±0.095 

Zeta Potential 

Average  
-27.5 ±0.9 -27.5± 0.9 -34.9± 3.4 -38.8±0.3 -39.9±5.2 - 25.9± 0.7 - 29.1± 0.2 - 37.2± 1.2 - 28.6± 1.2 - 29.6± 0.3 

1
 w

ee
k

s 

Z-Average Size 

(nm) 
223.4±11.4 175.8±5.8 294.4±8.0 199.3±5.4 244.8±7.6 253.2±4.2 175.8±71.4 248.4±28.2 251.8±18.1 255.8±25.3 

PDI 0.340±0.046 0.198±0.040 0.362±0.038 0.282±0.014 0.535±0.020 0.256±0.003 0.365±0.106 0.445±0.126 0.366±0.082 0.318±0.106 

Zeta Potential 

Average  
- 23.8±0.9 - 26.9± 0.9 - 28.2± 1.0 - 28.5 ±0.6 - 30.4±0.5 - 30.1±1.3 - 28.2±1.8 - 29.3±1.1 - 33.0±2.1 - 29.2±1.6 

2
 w

ee
k

s 

Z-Average Size 

(nm) 
191.9±3.3 178.7±3.6 347.4±9.0 212.7±6.1 245.2±5.5 190.7±2.3 163.2±6.1 253.2±4.7 218.0±7.3 265.5±11.1 

PDI 0.168±0.039 0.169±0.028 0.375±0.030 0.299±0.022 0.543±0.015 0.212±0.012 0.270±0.030 0.343±0.023 0.267±0.034 0.257±0.070 

Zeta Potential 

Average  
- 23.8±0.9 - 28.1± 2.2 - 29.5±2.5 - 28.2 ±3.00 - 26.3±0.5 - 28.0±0.3 - 28.7±3.1 - 28.6±0.5 - 24.4±1.3 - 24.1±1.2 

3
 w

ee
k

s 

Z-Average Size 

(nm) 
199.4±4.9 172.2±1.7 296.3±12.6 208.7±4.6 291.6±8.3 189.3±2.3 169.2±8.9 269.2±4.7 228.0±7.3 269.5±11.1 

PDI 0.213±0.011 0.151±0.033 0.320±0.051 0.324±0.020 0.532±0.051 0.246±0.003 0.271±0.106 0.421±0.127 0.467±0.041 0.357±0.070 

Zeta Potential 

Average  
- 27.2 ±0.4 - 28.9± 0.5 - 28.6±1.5 - 31.6 ±2.2 - 28.9±0.2 - 29.3±0.2 - 29.7±3.1 - 32.6±0.5 - 29.4±1.3 - 28.3±3.2 

4
 w

ee
k

s 

Z-Average Size 

(nm) 
186.8±1.6 182.0±2.7 311.8±8.1 190.0±2.5 255.8±34.8 191.7±4.3 172.1±4.5 279.6±7.1 237.0±2.5 274.8±9.1 

PDI 0.138±0.025 0.226±0.016 0.364±0.042 0.208±0.037 0.534±0.078 0.210±0.106 0.231±0.003 0.443±0.103 0.453±0.034 0.412±0.125 

Zeta Potential 

Average  
- 25.5 ±1.3 - 27.3± 1.5 - 26.7±0.2 - 27.8 ±1.0 - 29.8±1.1 - 30.1±4.2 - 28.9±2.1 - 31.3±1.5 - 31.2±2.1 - 32.4±7.2 
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4.12  Drug release Studies 

The drug release studies of all the ceftriaxone sodium and rifampicin loaded 

niosome formulations and control (pure ceftriaxone sodium and rifampicin drug) was 

carried out in phosphate buffer saline at pH 7.4 (Figure 4.8 and Figure 4.9). A burst 

release of drugs from all the niosome formulations were seen in the beginning of the 

dissolution testing, which was due to the presence of Pluronic L121 as concluded in 

previous findings (Abdelbary et al., 2017). The burst release of rifampicin was little 

high when compared with ceftriaxone. It is the typical behavior of niosome formulation 

due to the presence of Pluronic L121. 

Ceftriaxone released from niosome after 12 hours was in following order: CR4 

< CR1 < CR2 < CR3 < CR5 with the percentages of 94.76 %, 95.46 %, 96.62 %, 97.19 

% and 98.47 % respectively (Figure 4.8). The niosome formulation CR4 containing the 

least quantity of Pluronic L121 (246mg) released the least quantity of ceftriaxone 

(94.76 %) in 12 hours and the formulation which was containing the highest quantity 

of Pluronic L121 released highest quantity of ceftriaxone. The center point formulation 

(optimized formulation CR1) released 95. 46 % of ceftriaxone which contains the 1mg 

of DCP but the formulation (CR2) containing 2mg of DCP released comparatively more 

drug than CR1 but the difference is very little. 

Rifampicin released from the niosomes in 12 hours in following order: CR4 < 

CR3 < CR 2 < CR1< CR5 releasing the percentage 72.43 %, 74.32 %, 77.89 %, 79.07 

%, 79.11% respectively which are shown in Figure 4.9. The formulation (CR4) having 

least quantity of Pluronic L121 (246mg) releasing the least quantity of rifampicin 

(72.43%). The center point formulation CR1 (optimized) and formulation (CR5) 

containing high quantity of Pluronic L121 (334mg) released highest quantities of drugs 
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(79.07% and 79.11%) respectively. The formulation CR1 and CR5 released highest 

quantities of drugs with least difference among each other.  

The Pluronic L121 showing high solubilization of drugs and improved the 

release behavior of drugs. The formulations having the highest quantities of Pluronic 

(CR5) showed highest released quantities of ceftriaxone and rifampicin. Similarly, the 

formulations having least quantities of Pluronic L121 releasing the least quantity of 

both the drugs.  

From the release profile of niosome formulations it was clear that increased 

concentration of Pluronic improved drug release profile and with the least quantity the 

drug was released less and also compared with the pure powered drugs. Fa-Tang et al., 

(2008) reported that the solubilization of Pluronic L121 is good by which the 

dissolution profile of the niosomal formulations increased when compared with pure 

drugs.    
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Figure 4.8: Drug release profiles of niosome formulations containing ceftriaxone 

sodium at pH 7.4 
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Figure 4.9: Drug release profiles of niosome formulations containing rifampicin 

at pH 7.4   
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4.13  Preparation of Niosomes containing cytotoxic drugs 

Niosomes were prepared with the fixed quantities of Span 60, cholesterol and 

drugs but with the varying quantities of Pluronic L121 and DCP. The composition of 

optimized formulation was already determined in an earlier study, Pluronic L121 290 

mg and DCP 1 mg was considered as optimized formulation and central point of 

composition for factorial designing (Khan et al., 2019). The composition of niosomal 

formulations were shown in Table 3.3. 

4.14  Size and surface properties of the niosomes 

The physicochemical parameters, size (<350 nm), PDI (<0.5) and zetapotential 

(< -30 mV) were considered as critical quality attributes, CQAs. The PDI value for 

niosomes less than 0.5 was considered low polydisperse indicating low level of 

aggregation. Similarly, zeta-potential, which was due to DCP, equivalent or smaller 

than -30 mV gives more stable niosomes meaning less aggregation due to repulsive 

forces as proved in previous studies (Mahale et al., 2012). Somjid et al., (2018) reported 

in previous studies that niosomal formulations containing cholesterol was rigid, stable 

and intact, while niosomes without cholesterol forms gel like system.  

The non-ionic amphiphiles having hydrophilic-lipophilic balance, HLB, value 

greater than 11 hinder the vesicular formation.  The Span 60 forms rigid, stable and 

large in size niosomes having high entrapment efficiency due to their larger size as 

discussed in previous findings (Basiri et al., 2017).  The non-ionic polymeric surfactant 

Pluronic L121 has the capability to entrap hydrophobic drugs efficiently inside the 

niosomes, forming low polydisperse and stable niosomes as discussed earlier 

(Abdelbary & Tadros, 2013; Lee et al., 2005, 2011).  
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The negative charge imparting agent is DCP. It gives monodisperse particles 

with low polydispersity due to strong inter niosomal repulsive forces  induced by the 

high surface charge (Helal et al., 2015). The size of all the niosomal formulations (with 

and without drug) were between 137-893nm. The PDI ranged between 0.383-0.725 and 

zeta potential values were from-26.5 to -49.1 mV which are shown in Table 4.5.  Based 

on the size, size deviation and surface charge measurements, most of the studied 

niosomal formulations filled the above-mentioned critical quality attributes (CQAs). 

Three batches failed to fulfill the PDI criteria, but two of these were very close 

to the critical value (0.501 and 0.510). The size criteria were not fulfilled with two 

batches, and the zeta-potential value was not negative enough with four batches. 

However, the zeta-potential values of these four batches was from -26.5 to -27.7, which 

can still considered low enough to stabilize the niosomes which was similar to the 

reported results (Essa, 2010). 
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Table 4.5: Physicochemical properties of different formulations of niosomes 

including entrapment efficiency 

Formulation Size (nm) PDI 
Zeta Potential 

(mV) 

%EE 

(DOX) 
%EE (PXT) 

D-1 204.4±8.7 0.470±0.069 -34.9± 0.5 92.90±0.131  - 

D-2 182.9±20.7 0.423±0.009 -36.8±1.6 93.49±0.201  - 

D-3 241.1±37.0 0.501±0.007 -34.3±2.6 92.32±0.180  - 

D-4 202.1±18.0 0.510±0.033 -46.9 ±1.1 92.99±0.201  - 

D-5 190.1±7.2 0.491±0.048 -39.6 ±1.1 92.73±0.201  - 

P-1 195.3±21.5 0.462±0.055 -35.9± 2.0 - 99.96±0.0007 

P-2 178.1±3.0 0.417±0.027 -43.8± 0.6 - 99.98±0.002  

P-3 169.3±19.2 0.435±0.098 -49.1± 1.3 - 99.98±0.0007  

P-4 180.6±7.2 0.447±0.076 -38.9±3.2 - 99.96±0.002  

P-5 173.5±42.6 0.383±0.025 -47.0± 1.3 - 99.97±0.001  

DP-1 176.7±11.4 0.493±0.010 -27.7±2.0 91.24±0.33  99.99±0.0007  

DP-2 156.6±10.2 0.450±0.009 -26.5± 0.7 92.58±0.39  99.99±0.0007  

DP-3 147.6±14.7 0.448±0.095 -32.1± 0.8 92.31±0.21  99.99±0.0005  

DP-4 168.2±11.8 0.481±0.072 -39.0 ±2.4 92.39±0.13  99.99±0.0002  

DP-5 137.1±4.1 0.437±0.046 -41.8±2.6 93.67±0.27  99.99±0.0007  

E-1 195.6 ± 12.8 0.492±0.047 -27.5 ± 0.9 - - 

E-2 236.3 ± 36.0 0.391±0.105 -27.5 ± 0.9 - - 

E-3 443.5 ± 86.7 0.469±0.037 -34.9 ± 3.4 - - 

E-4 300.5 ± 36.6 0.448±0.034 -38.8 ± 0.3 - - 

E-5 893.6 ± 135.5 0.725±0.117 -39.9 ± 5.2 - - 
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4.15  Drug Entrapment Efficiency (%EE) 

The important factor of formulations was depicted by the drug entrapment 

efficiency. In the formulations that contained doxorubicin, the %EE ranged between 

92.32and 93.49 which is shown in table 4.5. The formulations containing only 

paclitaxel, the %EE ranged between 99.96% to 99.98%. The formulations containing 

both doxorubicin and paclitaxel, entrapment efficiency (EE) of doxorubicin varied 

between 91.24% and 93.67% and EE of paclitaxel in all the formulation was 99.99%. 

Accordingly, the entrapment efficiencies were very high, especially of paclitaxel which 

was close to 100%, and no real differences were seen in the entrapment values between 

different compositions of paclitaxel.  

The high entrapment efficiency of paclitaxel was due to its very low water 

solubility: the affinity of the drug inside the niosomes was very high due to the 

lipophilicity it was tended to escape from the aqueous phase. Aqueous solubility of 

doxorubicin was higher, and it can partly be left into the aqueous phase, as shown with 

the slightly lower EE values. However, the composition of the niosome formulations 

didn’t have effect on the entrapment efficiency. 

In all the formulations, the mean size of the niosomes was from 137 nm to 241 

nm. The composition was affecting the particle size of the niosomes, and particle size 

can also affect the entrapment efficiency: it is typical that larger particles are able to 

entrap the drugs more efficiently. However, the changes in particle size were that small 

that any conclusions of its impact on the drug entrapment can’t be withdrawn.  
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4.16  Transmission Electron Microscopy 

The Transmission Electron Microscopy (TEM) images for empty niosomal 

formulations (E-1 and E-2) are shown in Figure 4.10 and 4.11. Based on the TEM 

analysis, the niosomes were close to spherical in shape and the sizes were 

corresponding well with the ones measured by DLS. 

 

 

Figure 4.10: TEM images of (A & B) E1 niosome formulation 
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Figure 4.11: TEM images of (C & D) E2 of niosome formulations 
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4.17  Stability Studies 

Niosomes with and without drugs were stored at 4°C for a period of 1 month, 

CQAs were considered at the stability parameters and all the formulations were studied. 

The niosomes (without drug) tend to gain the size but after the storage of 1 week became 

stable due to the stress of sonication phase was over. The particle sizes of the empty 

niosomes were ranged between 195 nm and 893 nm with PDI value from 0.39 to 0.72, 

and zeta potential ranging from -27 mV to -39 mV which are shown in table 4.6. During 

the month storage, all the drug loaded niosomes were stable and only a little fluctuation 

in size was seen. Most stable formulations were the center point formulations i.e. D1, 

P1 and DP1 as well as formulations containing 2mg of DCP, i.e. D2, P2 and DP2. The 

results indicate that higher quantities of DCP (1 or 2mg) and medium quantity of 

Pluronic L121 (290mg) showed the best stability of niosomes.  



84 
 

Table 4.6: Stability studies of all the niosomal formulations containing cytotoxic drugs at 4⁰C 

 
Time  Parameters E-1 E-2 E-3 E-4 E-5 D-1 D-2 D-3 D-4 D-5 

0
 w

ee
k

s Z-Average Size (nm) 195.6±12.8 236.3±36.0 443.5±86.7 300.5±36.59 893.6±135.5 204.4±8.7 182.9±20.7 241.1±37.0 202.1±18.0 190.1±7.2 

PDI 0.492±0.047 0.391±0.105 0.469±0.037 0.448±0.034 0.725±0.117 0.470±0.069 0.423±0.009 0.501±0.007 0.510±0.033 0.491±0.048 

Zeta Potential 

Average  
-27.5 ±0.9 -27.5± 0.9 -34.9± 3.4 -38.8±0.3 -39.9±5.2 - 34.9± 0.5 -36.8±1.6 - 34.3±2.6 - 46.9. ±1.1 - 39.6±1.1 

1
 w

ee
k

s Z-Average Size (nm) 223.4±11.4 175.8±5.8 294.4±8.0 199.3±5.4 244.8±7.6 200.0±7.0 185.2±10.1 240.1±36.2 200.2±10.2 192.1±9.1 

PDI 0.340±0.046 0.198±0.040 0.362±0.038 0.282±0.014 0.535±0.020 0.341±0.011 0.314±0.071 0.430±0.017 0.490±0.033 0.451±0.011 

Zeta Potential 

Average  
- 23.8±0.9 - 26.9± 0.9 - 28.2± 1.0 - 28.5 ±0.6 - 30.4±0.5 - 32.3± 0.1 - 34.0±1.5 - 34.1±2.2 - 46.1. ±2.2 - 36.8±2.1 

2
 w

ee
k

s Z-Average Size (nm) 191.9±3.3 178.7±3.6 347.4±9.0 212.7±6.1 245.2±5.5 201.0±4.0 183.5±9.1 241.3±20.2 207.6±12.2 193.1±5.2 

PDI 0.168±0.039 0.169±0.028 0.375±0.030 0.299±0.022 0.543±0.015 0.340±0.019 0.310±0.011 0.415±0.011 0.450±0.011 0.410±0.034 

Zeta Potential 

Average  
- 23.8±0.9 - 28.1± 2.2 - 29.5±2.5 - 28.2 ±3.00 - 26.3±0.5 - 32.5± 0.1 - 33.9±1.6 - 33.5±3.3 - 45 ±3.1 - 36.2±3.1 

3
 w

ee
k

s Z-Average Size (nm) 199.4±4.9 172.2±1.7 296.3±12.6 208.7±4.6 291.6±8.3 203.1±2.6 182.9±11.2 253.6±26.4 215.2±12.2 201.3±5.1 

PDI 0.213±0.011 0.151±0.033 0.320±0.051 0.324±0.020 0.532±0.051 0.331±0.054 0.315±0.039 0.420±0.027 0.450±0.011 0.421±0.091 

Zeta Potential 

Average  
- 27.2 ±0.4 - 28.9± 0.5 - 28.6±1.5 - 31.6 ±2.2 - 28.9±0.2 - 32.7± 0.1 - 33.5±3.2 - 34±3.3 - 45.1. ±2.1 - 36.2±7.1 

4
 w

ee
k

s Z-Average Size (nm) 186.8±1.6 182.0±2.7 311.8±8.1 190.0±2.5 255.8±34.8 201.2±4.0 183.5±9.1 260.6±26.4 221.2±12.2 210.3±5.1 

PDI 0.138±0.025 0.226±0.016 0.364±0.042 0.208±0.037 0.534±0.078 0.340±0.019 0.310±0.011 0.420±0.027 0.450±0.011 0.421±0.091 

Zeta Potential 

Average  
- 25.5 ±1.3 - 27.3± 1.5 - 26.7±0.2 - 27.8 ±1.0 - 29.8±1.1 - 32.5± 0.1 - 33.2±1.7 - 34±3.3 - 45.1. ±2.1 - 36.2±7.1 

  

  P-1 P-2 P-3 P-4 P-5 DP-1 DP-2 DP-3 DP-4 DP-5 

0
 w

ee
k

s Z-Average Size (nm) 195.3±21.5 178.1±3.0 169.3±19.2 180.6±7.2 173.5±42.6 176.7±11.4 156.6±10.2 147.6±14.7 168.2±12.0 137.1±4.1 

PDI 0.462±0.055 0.417±0.027 0.435±0.098 0.447±0.076 0.383±0.025 0.493±0.010 0.450±0.009 0.448±0.095 0.481±0.072 0.437±0.046 

Zeta Potential 

Average  
- 35.9± 2.0 - 43.8± 0.6 - 49.1± 1.3 - 38.9±3.2 - 47.0± 1.4 - 27.7±2.0 - 26.5± 0.8 - 32.1± 1.0 - 39.0 ±2.4 - 41.8±2.7 

1
 w

ee
k

s Z-Average Size (nm) 193.2±11.1 175.2±5.6 165.3±12.1 181.5±5.2 170.5±22.7 171.7±10.1 157.2±10.3 146.3±11.6 167.5±12.8 141.1±4.1 

PDI 0.342±0.029 0.317±0.011 0.397±0.018 0.417±0.016 0.313±0.011 0.393±0.032 0.390±0.019 0.380±0.095 0.430±0.011 0.430±0.146 

Zeta Potential 

Average  
- 32.2± 3.0 - 39.1± 0.6 - 45.1± 7.3 - 35.3±1.2 - 45.0± 1.3 - 27.5±1.4 - 25.5± 0.4 - 31.2± 0.6 - 35.1 ±2.1 - 39.2±5.7 

2
 w

ee
k

s Z-Average Size (nm) 195.0±10.2 172.3±5.2 170.3±22.2 186.5±10.1 175.9±12.2 170.7±10.2 155.0±10.4 149.4±15.2 168.9±21.1 144.6±7.2 

PDI 0.331±0.039 0.310±0.011 0.410±1.018 0.419±0.026 0.321±0.021 0.389±0.011 0.379±0.013 0.389±0.011 0.410±0.025 0.429±0.210 

Zeta Potential 

Average  
- 32.0± 3.7 - 39.28± 0.2 - 45.1± 4.3 - 35.6±2.1 - 43.6± 1.5 - 27.2±1.1 - 26.1± 2.0 - 31.17± 0.1 - 35.9 ±2.2 - 39.5±3.5 

3
 w

ee
k

s Z-Average Size (nm) 191.1±10.2 175.9±5.1 198.3±22.2 195.5±8.2 189.9±10.2 172.3±15.1 154.3±10.2 170.2±10.4 192.3±19.3 177.2±7.1 

PDI 0.310±0.039 0.335±0.011 0.397±1.018 0.410±0.026 0.325±0.021 0.390±0.012 0.389±0.313 0.391±0.321 0.419±0.011 0.437±0.217 

Zeta Potential 

Average  
- 32.9± 4.0 - 39.28± 0.5 - 45.6± 4.3 - 35.23±2.3 - 44.9± 1.4 - 27.9±3.1 - 26.5± 3.4 - 31.37± 1.2 - 35.5 ±2.3 - 39.3±4.2 

4
 w

ee
k

s Z-Average Size (nm) 194.0±10.1 176.4±5.3 207.3±22.1 210.5±8.1 197.9±10.2 171.7±15.1 156.4±9.6 183.4±15.1 212.4±21.1 191.6±7.3 

PDI 0.350±0.039 0.310±0.011 0.381±1.018 0.410±0.026 0.327±0.021 0.370±0.012 0.376±0.213 0.389±0.011 0.431±0.025 0.423±0.210 

Zeta Potential 

Average  
- 32.3± 4.2 - 39.28± 0.6 - 45.9± 4.2 - 35.17±2.2 - 43.5±1.4 - 27.4±3.1 - 26.9± 2.1 - 31.17± 0.2 - 35.2 ±2.3 - 39.7±3.6 
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4.18  Interaction studies   

4.18.1  Attenuated Total Reflectance-Fourier Transform Infrared (ATR-FTIR) 

Spectroscopy 

The ATR-FTIR spectroscopy is a pre-formulation study for the evaluation of 

compatibility between the formulation ingredients. The ATR-FTIR spectra of 

doxorubicin hydrochloride, paclitaxel, the physical mixture of optimized formulations 

and their correspondence optimized niosomal formulations are shown in Figure 4.12.  

The pure doxorubicin hydrochloride showed peaks at 3456 cm-1 and 3335 cm-1 

due to the N-H stretching of primary amine and O-H stretching (respectively). The 

peaks at 868 cm-1 and 807 cm-1 were seen due to N-H group stretching as reported in 

previous findings (Irfan Majeed et al., 2013). The ATR-FTIR spectrum of paclitaxel 

(pure drug) showed peaks between 3479 cm-1to 3300 cm-1 due to the stretching of N-H, 

CH2 stretching peaks between 2976-2885 cm-1, C=O stretching at 1734 cm-1, the amide 

bond stretching at 1647 cm-1, ester bond and C-N stretching at 1254 cm-1 and 1276 cm-

1 (respectively) and peaks due to aromatic bonds were seen at 1647, 1074, 963 and 709 

cm-1 as discussed in earlier studies (Martins et al., 2014). Span 60 showed the peaks at 

2916.75 cm-1 (-OH stretch, broad), 2849.58 cm-1 (-OH stretch, broad), a cyclic 5-

membered ring peak at 1734.65 cm-1 and small peaks from 1000-1200 cm-1 due to 

aliphatic groups as proved in previous studies (Fa-Tang et al., 2008). Pluronic L121 

showed the peak stretch at 2990 cm-1 of as asymmetrical methyl C-H, scissoring of C-

H bondage at 1480 cm-1 , symmetrical C-H bond at 1387 cm-1 and at 1120 cm-1 an ether 

linkage (C-O-C) which is reported in previous observations (Newman et al., 1998).  

Cholesterol showed the ATR-FTIR peaks at 2931.41 cm-1, 2866.83 cm-1, 1770.20 cm-

1, and 1055.17 cm-1 due to (acetyl group, symmetric -CH3, vinyl group and R-O group) 

respectively which is previously reported (Khan et al., 2015). 
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The ATR-FTIR of the physical mixtures of the optimized formulations and their 

relevant niosomal formulations were also studied. The spectra of both the physical 

mixtures and the niosomal formulations were similar and diffusion of the peaks were 

seen without shifting peeks. The interactions between the ingredients were seen as in 

the early studies suggested that there is interaction between the Span 60 and cholesterol 

for the rigid and stable niosome preparation. This interaction is between the glycerol 

oxygen in Spans and β-OH group in cholesterol, which was causing changes in the 

spectrograms which is also reported in previous findings (Khan et al., 2017; Nasseri, 

2005).  
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Figure 4.12: ATR-FTIR spectra of different ingredients, physical mixtures 

and niosomal formulations 
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4.18.2  Thermal Analysis 

In the thermal analysis of Span 60, DCP, cholesterol, doxorubicin hydrochloride 

and paclitaxel, they showed endothermic characteristic melting peaks at 54 °C, 78 °C, 

150 °C, 205°C and 220°C, correspondingly which is shown in Figure 4.13. The physical 

mixtures of formulations (D1, P1 and DP1) showed the slightly broader peaks at 38°C 

and 57°C which indicated the interaction between the Span 60 and cholesterol, the 

results are in accordance with the previous studies (Nasseri, 2005), which was also seen 

with the niosomal formulations D1, P1 and DP1. The slightly broader peak was seen at 

140°C due to cholesterol. The peaks of membrane formers indicate their interactions 

and results in more stable niosomes via these interactions as indicated by the stability 

studies data and also by the entrapment efficiency values. The slightly broader peaks of 

drugs were seen in the range of 205°C to 230°C which indicated that the drugs were in 

their crystalline forms as are indicated in previous studies (Doustgani, 2017; Pawar & 

Vavia, 2016). 
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Figure 4.13: DSC thermograms of pure materials, physical mixtures and 

optimized niosome formulations 
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4.19  Drug Release Studies 

The In vitro drug release from the niosomes was performed in HBSS-HEPES 

(Hanks' Balanced Salt Solution - N-2-Hydroxyethylpiperazine-N'-2-Ethanesulfonic 

Acid) (pH 7.4) with 4% Tween 80 to increase the solubility of hydrophobic drug, 

paclitaxel (PXT) which is reported in previous observations (Figueiredo et al., 2017; T. 

Yang et al., 2007). The release of doxorubicin and paclitaxel is summarized in Figures 

4.14, 4.15, 4.16 and 4.17. From pure doxorubicine hydrochloride (DOX) powder, the 

drug release was very fast. Drug release from the DOX niosomes was biphasic in nature, 

in the first phase, burst type of release was seen and later a constant sustained release. 

Release rate from DOX niosomes was a little bit slower as compared to pure drug 

(DOX), from niosome formulations containing only DOX drug release was ending up 

approximately to 93% within 24h. Also, with the formulations containing both DOX 

and paclitaxel (PXT) drugs, a same kind of burst release was seen, but it was 

comparatively in lower level as compared to the formulations containing only DOX. 

Later, a constant sustained release of DOX from DOX and PXT loaded niosomes was 

observed reaching approximately the 40% level within 24h. 

Also, with PXT, the biphasic release was observed. In the first phase, burst type 

release was seen and later a constant sustained release of paclitaxel was seen from 

formulations containing only PXT reaching the approximated level of 26% within 24h. 

The formulations containing both DOX and PXT drugs, a burst release was seen but it 

was similarly to DOX less as compared to the formulations containing only PXT. In the 

second phase, a constant sustained release of PXT was observed reaching the 

approximated level of 18% within 24h. All the PXT loaded niosomes showed higher 

drug release rates as compared to pure PXT. 
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The niosomal formulations containing both DOX and PXT showed lower drug 

release rates as compared with the formulations containing only one drug as shown in 

figures 4.14, 4.15, 4.16 and 4.17.    
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Figure 4.14: Drug release from formulations (D) containing doxorubicin 
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Figure 4.15: Drug release from formulations (P) containing paclitaxel 
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Figure 4.16: Drug release of doxorubicin from formulations (DP) containing 

doxorubicin and paclitaxel 
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Figure 4.17: Drug release of paclitaxel from formulations (DP) containing 

doxorubicin and paclitaxel   
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4.20  Cell studies 

4.20.1  Cell Viability Assay 

The biocompatibility of the niosomes is an important criterion for their 

application as a drug delivery system. In this study, the cytotoxicity of the niosomes 

was evaluated against MCF-7 and PC3-MM2 cell lines by incubating them for 6h using 

different niosome concentrations as shown in Figure 4.18 and 4.19. With empty 

niosomes slight concentration related cytotoxicity was noticed as compared to the 

negative control, and the viability of the cells remained with the highest concentration, 

1000 µg/ml of niosomes, was not significantly lowered with either MCF-7 or PC3-

MM2 cell lines (with both cell lines p greater than 0.05). All the studied concentrations, 

the viability values were higher with MCF-7 cells as compared to PC-3 cells. No 

cytotoxic effects of the formulations were observed  as it has been proved in previous 

observations (Krupka & Exner, 2011; Tahir et al., 2017).   
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Figure 4.18: Cell viability assay of niosomal formulations against MCF-7 after 6h 
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Figure 4.19: Cell viability assay of niosomal formulations against PC3-MM2 cells 

after 6 h 
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4.20.2  Cell Uptake Studies 

The cell uptake efficiency of the anticancer drug loaded niosomes is an 

important factor for the estimation of potency of drug formulations. A fluorescent 

compound, fluorescein isothiocyanate (FITC), was incorporated in the niosomes, cell 

membranes were stained with CellMask Deep Red and nuclei with DAPI. The confocal 

images (Figure 4.20 and Figure 4.21) of MCF-7 and PC3-MM2 cell lines were 

examined by incubating them at 37°C for 6h. Based on the FITC studies, it was obvious 

that the niosomes were taken up by the cells and they were accumulated into the 

cytoplasm of the cells successfully. In earlier studies it has been shown that the 

internalization of niosomes can be facilitated by the presence of lipid content of 

niosomes and its interaction with the lipid membrane of the cells (GUO et al., 2015; 

Kairong et al., 2015; Tahir et al., 2017).  

The size of the niosomes also impacts on internalization and drug delivery into 

the cells. In the present study, the smallest size fractions (<200 nm) of niosomes had 

better penetration due to having larger surface area, and the larger niosomes had less 

penetration capacity, which has also been described in previous studies (Khutale & 

Casey, 2017; Shahbazi et al., 2014). The formulation E2 showed the best internalization 

of the niosomes when compared with other formulations. In other formulations some 

amount of niosomes remained outside of the cells and adhered to their surface.  
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Figure 4.20: Confocal images of niosomal formualtions uptake by MCF-7 cells 
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Figure 4.21: Confocal images of niosomal formualtions uptake by PC-3 Cells 

 

  



102 
 

4.20.3  Antiproliferation Assay 

The antiproliferative activity of the anticancer drugs (doxorubicin, paclitaxel) 

loaded niosomes was measured by ATP activity-based luminescence assay as indicated 

in Figures 4.22 to 4.27. The effect of pure drugs and the niosomes containing the 

anticancer drugs, was evaluated on MCF-7 and PC3-MM2 cell lines. The effect of the 

pure drugs was seen concentration dependent, DOX showed more antiproliferative 

effect on MCF-7 and PC3-MM2 cells as compared to paclitaxel pure drug at highest 

concentration levels (500µg/ml, P < 0.05). The niosomal formulations containing drugs 

are comparatively more antiproliferative than pure drugs (control). The formulations 

showed time and concentration dependent type of activity.  

In MCF-7 cell line the formulations containing both drugs didn’t differed from 

formulations having either of the drug alone. But, In PC3- MM2 cells, dual drug therapy 

(DOX+PTX niosomes) showed better antiproliferative effect on cancerous cell lines 

and efficacy of the niosomal formulations as compared to either DOX alone (P < 0.01) 

or PTX alone (P < 0.05). The formulations containing paclitaxel and doxorubicin (DP1-

DP5) showed improvement of antiproliferation against MCF-7 and PC3-MM2 cells. 

The efficacy against PC3-MM2 is much higher than MCF-7 (P < 0.01). It showed 

concentration and time dependent activity.   

The in-vitro release studies showed the sustained drug release behavior of the 

formulations which is also clear from the cell line antiproliferation studies. The increase 

in incubation time of cells could improve the effects. But, the results were in line with 

the results of release studies of the formulations, which was sustained drug release 

which is also reported in previous findings (Alemi et al., 2018b; Tahir et al., 2017).  
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Figure 4.22: Antiproliferative study of formulations of niosomes containing 

doxorubicin on MCF-7 cells 
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Figure 4.23: Antiproliferative study of different formulations of niosomes 

containing paclitaxel on MCF-7 cells 
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Figure 4.24: Antiproliferative study of different formulations of niosomes 

containing doxorubicin and paclitaxel on MCF-7 cell 
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Figure 4.25: Antiproliferative study of formulations of niosomes containing 

doxorubicin on PC3-MM2 cells 
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Figure 4.26: Antiproliferative study of different formulations of niosomes 

containing paclitaxel on PC3-MM2 cells 
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Figure 4.27: Antiproliferative study of different formulations of niosomes 

containing doxorubicin and paclitaxel on PC3-MM2 
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CHAPTER 5 

CONCLUSION 
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5. Conclusion 

Today, large number of drugs are facing poor or least bioavailability issue. The 

major reason is poor or minimum solubility in water. A number of researches are 

conducted to overcome or the solve the problem of poor water solubility and to increase 

the bioavailability. In this regard, nanotechnology is the most prominent, appropriate 

and beneficial approach to overcome these challenges. The development of niosome is 

the mostly used approach to address such problems. The niosomes have been developed 

by different methods e.g. Thin film hydration and reverse phase evaporation technique 

and many others. Probe sonication technique is a green technique which is eco-friendly, 

free of organic solvents and economical. This method of manufacturing has advantage 

over other techniques. The current research is conducted to prepare the niosomes with 

probe sonication (ultrasonication) technique. The study was conducted to optimize the 

niosome formulations without the addition of organic solvents with rifampicin as a 

model drug which belongs to Biopharmaceutical Classification System (BCS) class II. 

The niosomes are prepared with fixed concentrations of rifampicin, Span 60, 

cholesterol, Varying concentration of Pluronic L121 and dicetylphosphate (DCP). The 

niosomes are produced with the small size ranging from 190 nm- 893 nm with PDI 

value < 0.5 and high entrapment efficiency (EE). During the storage of for weeks at a 

temperature of 4 ⁰C results in slightly decrease in particle size. The formulation 

containing 2 mg of DCP results in more stable niosomes with high EE (75.37 %) and 

higher in-vitro drug release as compared to pure rifampicin drug. The improved release 

is due to the Pluronic L121 which has more solubilization characteristic behavior.    

The formulations of niosomes are also optimized with the double drug loading. 

The rifampicin and ceftriaxone sodium (hydrophobic and hydrophilic respectively) are 
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used a model drugs for the optimization of niosomes. The niosomes are produced with 

small size (164 nm to 893 nm) with least PDI. The stability studies are conducted at 4 

⁰C for four weeks and there is slight decrease in size with high EE (> 95 % of both 

drugs) are observe. The drug release profile of both drugs is improved when compared 

with pure drugs due to Pluronic L121. The formulations with Pluronic L121 and DCP 

gives small sized niosomes with single and double drug loading and it improves the 

drug release profile, high %EE and more stability. 

The main part of the research is to encapsulate the doxorubicin HCl and 

paclitaxel in niosome formulations. The developed niosomes are small in size ranging 

(137 nm to 893 nm) with least PDI (<0.5) and highest EE (91 % to 99.9 %). The 

presence of Pluronic L121 in the formulations results in the highest EE of hydrophobic 

drugs (99.9 %). The improved drug release is due to the presence of Pluronic L121. The 

improved drug release is the indication of homogeneous and small sized niosomes with 

large surface area. The formulations containing individual drugs and both drugs shows 

sustained drug release profiles and the sustained release delivery is due to the presence 

of combination of non-ionic surfactants (Pluronic L121 and Span 60). The anticancer 

activity of cytotoxic drugs loaded niosomes is evaluated on MCF-7 and PC3-MM2 

cancer cell lines. The in-vitro cytotoxicity of the formulations is evaluated for 6 h and 

niosomes indicate no cytotoxicity even at highest concentrations (1000 µg/ml). The 

confocal study (cell uptake study) for 6 h is done and the formulations show good 

uptake study. The antiproliferation activity is studied for 24 h and the formulations 

containing both drugs show more antiproliferation on PC3-MM2 cells than MCF-7 

cells, the activity is time and concentration dependent. The niosomes containing 

individual drug are less antiproliferative as compared to the double drug loaded 

niosomes.  
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The probe sonication technique is proved a well efficient technique which 

results in small sized niosomes, high EE, less polydispersity and optimum zeta-

potential. The produced niosomes show high drug release profiles in sustained release 

pattern. The niosomes loaded with both cytotoxic drugs shows more cellular uptake and 

improved cytotoxicity which is time and concentration dependent. 

For the future perspective, the niosomes prepared with the combination of non-

ionic surfactant with probe sonication technique resulted in high entrapment efficiency, 

least particle size, less PDI to encapsulate hydrophobic and hydrophilic types of drugs. 

The prepared niosomes can further evaluate against other types of cancer cell lines. The 

pharmacokinetic parameters can also be evaluated in-vivo which can lead to the 

evaluation of safety and efficacy in human beings.          
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