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Graphical Abstract 

Formulation, Evaluation and optimization of 

Lenalidomide loaded niosomes 

 

Summary 

The targ .eted and sus.ta.ined deli.very of 

antic.ancer dru.gs rema.ins a maj .or foc.us in 

phar.mac.euti.cal rese.arch to enhance 

the.rap.eut.ic effi.cacy and red.uce syst.emic 

toxi.city. This stu.dy invo.lves the for .mul.ati.on, 

eva.lu .ation, and opt.imi.zat.ion of Lenalidomide-

loaded nios.omes for impr.oved drug deli.very in 

can.cer ther.apy. Nios.omes were prep.ared usi.ng 

the eth.er met.hod tec.hn.ique with non-.ion.ic 

sur.fac.tan.ts (Span 80 and cho.les.ter.ol) in vary.ing 

mol.ar rat.ios. A ser.ies of for.mul.ati.ons  

 

 

 

were dev.el.oped and opt .im.ized bas.ed on 

part.icle size, poly.dis.pers.ity ind.ex (PDI), and 

entra.pme.nt  

eff .ic.ien.cy (EE%). The opt .im.ized for .mul.ati.on 

was char.act.erized for mor .ph.olo.gy, zeta 

pot.en.tial, in-v.itro drug rele.ase, FTIR, DSC, and 

stabi.lity stud.ies. Resu.lts indic.ated that the 

optim.ized nios.omal formul.ation exh.ib.ited 

nanom.etric size, high ent .ra.pme.nt effic.ien.cy, 

and con.tr.olled drug rele.ase over 8 hou.rs. The 

find.ings hig .hl.ight the poten.tial of nios.omal 

carr .iers to enha.nce the bioa.vail.abil.ity and 

the.rap.eut.ic per.for.man.ce of Len.ali.dom.ide, 

offe.ring a pro.mi.sing appr.oach for the eff .ec.tive 

and sus.ta.ined man.ag .eme.nt of mult .iple 

myel.oma and rela.ted mal.ign.ancies. 
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Introduction  

Niosomes are multi lameller vesicular struc.ture 

of non-ionic surfactants, similar to lipos.omes 

and are composed of non-ionic surfactant 

instead of phospholipids which are the 

components of liposomes. [1,2] So, niosome or 

non-ionic surfactant vesicles are now widely 

studied as an alternative tool to liposome. 

Various types of surfactants have been reported 

to form vesicles, and have the capacity to entrap 

and retain the hydrophilic and hydrophobic 

solute particles [1-3]. Niosomes are vesicular 

nanocarriers that are stable, non-toxic, 

biodegradable, and reasonably priced. The 

instability, rapid disintegration, bioavailability, 
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and solubility of some drugs or natural 

substances may be improved by niosomes. 

When it comes to the targ.eted administration of 

antibacterial, antimicrobial, anti-inflammatory, 

antioxidant, and anticancer compounds, 

niosomes have the potential to be incredibly 

powerful systems. This essay will provide a 

summary of their makeup, the most popular 

methods for formulation, and their present 

application as delivery systems for cancer 

treatments. [4] 

Niosomes mainly contain two types of 

components i.e., non-ionic surfactant and the 

additives. The non-ionic surfactants form the 

vesicular layer and the additives used in 

niosome preparation are cholesterol and the 

charged molecules.[3] The presence of the 

steroidal system (cholesterol) improves the 

rigidity of the bilayer and is important component 

of the cell membrane and their presence in 

membrane affects bilayer fluidity and 

permeability. This carrier system protects the 

drug molecules from the premature degradation 

and inactivation due to unwanted immunological 

and pharmacological effects.[5] By 

guaranteeing that noisome medications are 

distributed in a controlled manner that is 

customized to the needs of the patient, this 

innovation not only expedites the formulation 

process but also enhances therapeutic 

outcomes. [6] 

In recent years, niosomes have been 

extensively studied for their potential to serve as 

a carrier for the delivery of drugs, antigens, 

hormones and other bioactive agents. Besides 

this, niosome has been used to solve the 

problem of insolubility, instability and rapid 

degradation of drugs.[7] Niosomes can be 

categorized into 3 groups based on their vesicle 

size, namely, small unilamellar vesicles (0.0.25–

0.05 mm), multilamellar vesicles (>0.05 mm), 

and large unilamellar vesicles (>0.10 mm) [8]. 

Lenalidomide (prev.iously referred to as CC-

.5013) is an imm.uno modul.atory drug with 

potent antineoplastic, anti-angiogenic, and anti-

inflammatory prope.rties. It is a 4-amino-

glutamyl analogue of [thali domide] and like 

thalidomide, lenalidomide exists as a racemic 

mixture of the active S(-) and R(+) forms 

However, Lenalidomide is much safer and 

potent than thalidomide, with fewer adverse 

effects and toxicities.[9] Thalidomide and its 

analogues, including Lenalidomide, are referred 

to as immuno modulatory imide drugs (also 

known as cereblon modulators), which are a 

class of immuno modulatory drugs that contain 

an imide group. Lenalidomide works through 

various mechanisms of actions that promote 

malignant cell death and enhance host immunity 

Available as oral capsules, Lenalidomide is 

approved by the FDA and EU for the treatment 

of multiple myeloma, myelodysplastic 

syndromes, mantle cell lymphoma, follicular 

lymphoma, and marg.inal zone lymphoma in 

selected patients. [10,11] 

Multiple myeloma is a clonal B-cell malignancy 

associated with a monoclonal (M) protein in 

blood and/or urine, bone lesions, and 

immunodeficiency. It usually evol.ves from 

monoclonal gammopathy of undetermined 

significance (MGUS), with low levels of 

plasmacytosis and M protein without osteolytic 

lesions, anemia, hypercalcemia, and renal 

failure.[11] Multiple myeloma is characterized by 

genetic signatures, including frequent 

translocations into the immunoglobulin heavy 

chain switch region (IgH), oncogenes, and 

abnormal chromosome number[12,13]. Most 

patients with translocations have non-

Hyperdiploid chromosome number (NHMM), 

while those patients lacking IgH translocations 

have Hyperdiploid chromosome number (HMM) 

with trisomies of chromosomes 

3,5,7.,9,11,15,19, and 21. Importantly, patients 

with Hyperdiploid multiple myeloma have a 

better outcome with prolonged survival.[14,15].  

Lenalidomide has a short plasma elimination 

half-life of about 3–4 hours, which necessitates 

frequent doses to maintain therapeutic levels 

and exposes patients to varying systemic 

exposure despite its excellent oral absorption 
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and bioavailability.[16] Additionally, dose-limiting 

toxicities including neutropenia and 

thrombocytopenia, which limit dose escalation 

and overall acceptability in multiple myeloma 

therapy, are correlated with increased systemic 

exposure to lenalidomide. These characteristics 

imply that, in comparison to conventional 

dosing, a sustained and targeted delivery 

platform such as niosomes, which have been 

demonstrated to improve drug stability, control 

release, and delivery to diseased tissues, may 

extend systemic exposure, lower off-target 

toxicity, and increase therapeutic efficacy [17].  

Results and Discussion 

Pre-formulation studies  

a. Physical parameters of Lenalidomide 

To determine Lenalidomide's fundamental 

physicochemical properties, its appearance and 

solubility were assessed. The substance was 

found to be a crystalline powder that was off-

white to pale yellow in colour, indicating good 

purity and a constant physical form. Water, 

methanol, ethanol, and acetone were among the 

solvents used for solubility tests. Lenalidomide 

was found to be nearly insoluble in water, but it 

was more soluble in acidic (low pH) solutions 

and organic solvents such methanol, ethanol, 

and diethyl ether. Using the capillary tube 

method, the drug's melting point was found to be 

272.36 °C, which is consistent with the range 

reported for pure Lenalidomide and validates 

the drug's identity and thermal stability. 

b. Calibration curve 

Calibr.ation cur.ve was plotted in meth.anol at 

242 nm. The calibr.ation cur.ve was plot.ted as 

seen in figure1 

 
Figure1. Calibration curve of Lenalidomide in 

methanol 

A calibration curve of Lenalidomide was 

prepared in methanol to determine its linearity 

and suitability for quantitative analysis using UV-

visible spectrophotometry. The absorbance of 

standard solutions with concentrations ranging 

from 0 to 18 µg/mL was measured at 242 nm, 

which corresponds to the absorption maximum 

(λmax) of Lenalidomide in methanol. A linear 

relationship was observed between 

concentration and absorbance, indicating that 

the method follows Beer–Lambert’s law within 

the tested range. The calibration curve, as 

shown in Figure1, exhibited a well-defined 

straight line with good correlation, confirming the 

reliability of the analytical method for 

determining the concentration of Lenalidomide 

in subsequent formulations and release studies. 

Pre-formulation Screening of Surfactants 

Pre-formulation trials (Table 5) comparing Span 

80 and Span 60 indicated that Span 80 

produced significantly smaller vesicles (106–

254 nm) than Span 60 (348–488 nm) and 

achieved comparable drug entrapment 

efficiency. Therefore, Span 80 was selected for 

further optimization due to its lower hydrophilic–

lipophilic balance (HLB = 4.3), which promotes 

the formation of stable, flexible

bilayer vesicles with enhanced permeability. Subsequent results presented below focus on the 

optimization and characterization of Lenalidomide-loaded niosomes prepared using Span 80.

Fourier-Transform Infrared Spectroscopy (FTIR)                                                                                   

The FTIR spectrum of the sample was recorded using a Shimadzu instrument. The analysis reveals 

characteristic absorption peaks which are consistent with the structural features of Lenalidomide. 
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The presence of these peaks confirms the functional groups expected in the compound and supports 

its identity. The FTIR of the API Lenalidomide are shown in the following figure 2a. 

Table 4 presents the FT-IR interpretation of Lenalidomide, comparing the reported and observed 

wavenumbers (cm⁻¹) for various functional groups. It confirms the presence of characteristic 

stretches with observed peaks closely matching reported literature values, indicating the drug’s 

structural integrity. 

 

              Figure2a.  FTIR Spectrum of Lenalidomide 
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                                      Figure2b. FTIR Spectrum of Lenalidomide  loaded niosomes 

Figureure. 2b illustrates Fourier-transform infrared (FT IR) spectroscopy of drug-loaded niosomes 

show the existence of fundamental functional groups and evidence successful incorporation of the 

drug into the vesicular formation.  
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Table1 FTIR spectra readings 

 

 

 

 

 

 

 

 

Table 2. FTIR spectra readings  

Tab.le 1 and 2 presents the FT-IR interpretation of Lenalidomide, comparing the reported and observed 

wavenumbers (cm⁻ ¹) for various functional groups. All these peaks combined indicate that the active 

chemical properties of Lenalidomide and the components of niosomes are intact and properly 

introduced, with no significant chemical or chemical interaction or shift in peaks and evidence 

supporting the physical entrapment mechanism process, as opposed to any sort of covalent 

processing of the formulation. 

Sr. 

no. 

Stretching Functional Group 

Reported (cm⁻ ¹) Observed (cm⁻ ¹) 

1 C=O 1700.-1750 1690 

2 C=C 1450.-1600 1500 

3 C-O 1000.-1300 107.9.81 

4 C-H 700.-900 755..34 

5 C-N 1200.-1350 131.1.59 

6 N-H 3300.-3500 336.5.48 

Sr.  

no. 

Stret.ching Functional Group 

Repo.rted (cm⁻ ¹) Observed (cm⁻ ¹) 

1 C=O (Am.ide) 1650.-1750 1655 

12 C=C 1450.-1600 1595 

3 C=O (Es.ter) 1720.-1750 1732 

4 C-H 2850.-2950 2920 

5 C-O-C 1050.-1250 1100 

6 N-H 3300.-3500 3410 
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Figure3a shows the sharpness and narrow peak width (3.05 °C) suggest that the API is thermally pure 

with minimal impurities. The enthalpy value represents the energy absorbed during melting. A single, 

sharp peak with a narrow temperature range between onset and endset further confirms the 

homogeneity of the API.  The sample exhibits a distinct and sharp melting endotherm at 272.36 °C, 

indicating high purity and crystalline nature. This information can be useful in confirming the identity 

of the compound and its suitability for formulation development. 

 

 

 

Figure3b. DSC of Lenalidomide loaded niosomes. The DSC thermogram of the niosomal formulation 

showed a completely different thermal behavior. The characteristic melting peak of pure Lenalidomide 

was absent, and instead, a new broad endothermic peak was observed at 103.57 °C, with an onset at 

95.46 °C and an endset at 112.46 °C. The absence of the melting peak of pure Lenalidomide in the 

niosomal formulation suggests that the drug was successfully encapsulated within the niosomal 

bilayer. The shift in the thermal peak indicates that Lenalidomide may be present in an amorphous or 

molecularly dispersed form, rather than in its original crystalline state. The new thermal event around 

103.5 °C could be attributed to the phase transition of the surfactant/cholesterol bilayer or interactions 
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between the drug and lipid matrix. The drug-excipient interaction may lead to improved solubility and 

bioavailability, which is often desirable in pharmaceutical formulations. 

Evaluation of parameters of all batches 

All prepared batches of niosomes were evaluated for parameters such as particle size, zeta potential 

and drug content. Results are shown in table 3.  

 

FORMULATION  PARTICLE 
SIZE (in nm) 

ZETA 
POTENTIAL 
(in mV)  

F1 220.17 -30.71 

F2 318.41 -32.87 

F3 254.18 -31.69 

F4 177.1 -30.5 

F5 250.84 -31.23 

F6 250.84 -31.23 

F7 273.57 -30.55 

F8 252.28 -29.73 

F9 318.41 -32.87 

F10 232.67 -30.87 

F11 252.28 -29.73 

F12 273.57 -30.55 

F13 228.74 -28.23 

F14 220.17 -30.71 

Table 3. Evaluation of optimized batches 

Above results indicates that batch B4 shows acceptable results, here selected as Optimized 

formulation. 

32 Full factorial design: 

Response 1: Particle size 

The visualization of interactive effects of Cholesterol & Span 80 on particle size are shown in figure4a 

and 4b, 
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Figure4a Factorial design for response 1 particle size 

 

 

Figureure4b 3-D plot for response 1 particle size 

The visualization of interactive effects of Cholesterol & Span 80 on zeta potential are shown in 

figure5a and 5b 

Response 2: Zeta potential 

The visualization of interactive effects of Cholesterol & Span 80 on zeta potential are shown in 

figure5a and 5b 
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Figure5a Factorial design for response 2 zeta potential 

 

 

Figureure5b  3-D plot for response 2 zeta potential 
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Optimization of Niosomal Formulation Using 

3² Full Factorial Design 

A 3² full factorial design was utilized to study 

the combined influence of Span 80 and 

cholesterol concentrations on the physical 

characteristics of niosomes. The experimental 

outcomes for all nine formulations (F1–F14) are 

presented in Table 3. 

Response 1: Particle Size 

As shown in the contour and 3D response 

surface plots (Figure. 4a and 4b), an increase 

in Span 80 concentration (X₁ ) resulted in a 

decrease in particle size, suggesting that 

higher surfactant content enhances vesicle 

flexibility and reduces interfacial tension, 

thereby promoting the formation of smaller 

niosomes. Conversely, increasing cholesterol 

concentration (X₂ ) caused a slight increase 

in particle size, as the rigid bilayer formed by 

excess cholesterol limits curvature and 

expansion, producing larger vesicles. 

Therefore, an optimal Span 80-to-cholesterol 

ratio is necessary to maintain vesicle stability 

and uniform nanometric size. 

Final equation in terms of coded factors is as 

follows  

Particle Size = +245.33+28.24*A[1]-

3.12*A[2]1.38*B[1]-3.19*B[2]-

43.46*A[1]B[1]+11.45*A[2]B[1]+3.19A[1]B[2]-

18.85*A[2]B[2] 

Response 2: Zeta Potential 

The response surface plots for zeta potential 

(Figure. 5a and 5b) indicated that both Span 80 

and cholesterol significantly influenced 

surface charge. A moderate increase in Span 

80 led to a more negative zeta potential, 

improving electrostatic stabilization of vesicles. 

Cholesterol also enhanced zeta potential up to 

an intermediate level, beyond which no 

substantial improvement was observed—likely 

due to charge shielding within the bilayer. 

Among all batches, formulation B4 (33 mg 

Span 80 and 63 mg cholesterol) showed the 

optimal combination, achieving the smallest 

particle size (177.10 nm) and high zeta 

potential (–30.50 mV), indicating excellent 

physical stability and bilayer integrity. 

Final equation in terms of coded factors is as 

follows: 

Zeta potential = -30.71+0.16*A[1]-1.11E-

003*A[2]+0.98*B[1]-1.111E-

003*B[2]+1.34*A[1]B[1]+1.111E-

003*A[2]B[1]+1.111E-003*A[1]B[2]+1.111E-

003*A[2]B[2] 

Evaluation of Optimized batch: 

Visual Appearance: 

Dispe.rsion of niosomes was visually inspected 

and its appearance was seen as white turbid 

solution . 

Particle size 

Figure6 displays particle size measurement 

results of the prep.ared niosomes. The particle 

size of the samples ranged between 177.10 and 

318.41 nm. The PS of niosomes was affected by 

many factors, such as the cholesterol amount in 

the formula. The vesicles formation and 

properties are well kno.wn to be affected by the 

HLB of the used surfactant. 

Polydispersity index (PDI) of niosomes ranged 

between 0.2 and 0.6, indicating that the 

produced niosomes were uniform in size and 

homogeneous. A PDI.≤0.5 is regarded as 

suitable for drug delivery applications because it 

demonstrates a relatively homogeneous and 

uniform distribution of nanocarriers. To provide 

proper particle distribution, the optimal 

formul.ation must have a PDI valu.e≤0.5. 

Zeta potential  

Niosomes were physically stable since the ZP 

values of all formulations ranged from – 32.87 

to – 28.23 mV. Cholesterol had a sig.nificant 

eff.ect on ZP with a p val.ue of 0.0.094. Zeta 
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potential increased, as an absolute value, by 

increasing the cholesterol amount leading to 

enhancing niosomes stability. As a result, 

cholesterol is an important excipient in the 

preparation of niosomes because it enhances 

the stability of niosomes bilayers and reduces 

drug leakage due to the retarded solute 

permeability of these vesicles’ aqueous core. 

Entrapment Efficiency  

After the vesicles were broken up with Triton X-

100 (or propanol) and quantitative drug analysis 

was performed, the entrapment efficiency 

(EE%) of lenalidomide-loaded niosomes was 

found to be 80.20±2.53%. The data were 

expressed as mean ± standard deviation to 

account for experimental variability, and this 

value is the mean entrapment efficiency derived 

from several independent measurements (n = 

3). The reliability of the niosome preparation 

procedure is confirmed by the comparatively low 

variability seen across duplicates. 

The composition of the formulation is 

responsible for the high entrapment efficiency. 

The addition of Span 80, a non-ionic surfactant 

with a low hydrophilic–lipophilic balance (HLB), 

promotes the development of persistent, 

hydrophobic bilayers, which are especially 

useful for encasing drugs that are poorly soluble 

in water, such lenalidomide. Additionally, adding 

cholesterol to the niosomal membrane reduces 

drug leakage and membrane permeability by 

increasing bilayer stiffness and packing density. 

Additionally, cholesterol strengthens the 

bilayer's hydrophobic environment, which 

facilitates more lenalidomide sequestration and 

adds to the noted rise in EE%. (Mokale V. 

Niosomes as an ideal drug delivery system. J 

Nanosci Res Reports SRC/JNSRR-126. 2021.) 

There are a number of reasons why about 20% 

of the medication was not caught. These include 

(i) lenalidomide's restricted solubility and 

partitioning during vesicle formation, which 

leaves a portion in the external aqueous phase; 

(ii) the bilayer domain becoming saturated, 

beyond which more drug cannot be added 

without compromising vesicle stability; and (iii) 

unanticipated process-related losses during the 

hydration, separation, or purification stages. 

Figure6 Particle size distribution

For niosomal systems, an entrapment efficiency 

of about 80% is regarded as high, especially for 

hydrophobic medications. Depending on the 

kind of surfactant, cholesterol level, and 

preparation technique, reported EE% values for 

comparable niosome-based formulations 

usually fall between 60% and 90%. As a result, 

the EE% attained in this investigation is at the 

upper end of the reported range, suggesting that 

the developed formulation's efficiency is 

supported and drug loading is successfully 

enhanced by the optimised combination of Span 

80 and cholesterol.[18] 

Drug Content 
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Drug content was determined for all the batches. 

It was found in the range of  

Figure7. Optical microscopy of LEN loaded 

niosomes 

78.18±1.5 to 86.36±2.34. The maximum drug 

release was found to be 86.36 for F4 batch.  

The micro.scopy ima.ges reve.aled from figure 

7 that the nios.omes were predominantly 

spherical to slightly oval in shape, and they 

appe.ared as well-.formed, discrete vesi.cles. 

The vesicles showed uniform distribution 

without any noticeable aggregation, indicating 

good formulation stability. The spherical 

morphology is suggestive of successful vesicle 

formation and appropriate self-assembly of the 

surfactant and cholesterol components. 

 In vitro drug release studies  

The lenalidomide-loaded niosomal formulation 

and plain lenalidomide differ significantly in the 

in vitro drug release profile (Figure8). The 

niosomal formulation had a higher and more 

sustained release, achieving virtually entire drug 

release by the completion of the investigation, 

whereas the plain drug showed a comparatively 

slower and partial release, reaching roughly 65–

70% over 12 hours. As is typical of vesicular 

drug delivery systems like niosomes, the 

release pattern from the niosomes was biphasic, 

with an initial, quicker release followed by a 

longer, regulated phase [19,20]. 

The Higuchi and Korsmeyer-Peppas models 

showed a stronger correlation with the release 

data when fitted to different dissolution kinetic 

models than with zero-order kinetics, suggesting 

that the release of lenalidomide from the 

niosomes was primarily diffusion-controlled with 

a contribution from bilayer relaxation or 

reorganisation [21, 22]. This behaviour implies 

that the surfactant–cholesterol bilayer 

modulates drug release in a sustained way by 

acting as a diffusional barrier. 

In vitro permeation studies  

There is progressive and uniform 

increase in the amount of the drug permeation 

with time. Lenalidomide loa.ded niosomes 

sho.wed significantly greater permeation i.e. 

66.83% than plain Lenalidomide at 8 hours, this 

indicates enhanced permeation profile. 

Figureure. 8 shows the graphical presentation of 

% cumulative percent permeability of 

Lenalidomide loaded niosomes. 

The purpose of the in vitro permeation 

investigation was to assess the niosomal 

formulation's capacity to improve drug transport 

through a biological membrane model. Even 

though lenalidomide is mostly taken orally, 

measuring membrane permeation is important 

to investigate the possibility of using niosomes 

to enhance drug absorption across lipidic 

biological barriers and to look into other delivery 

methods, like transdermal or transmucosal 

administration, particularly for patients who 

might not tolerate oral therapy. When comparing 

the niosomal formulation to the plain medication, 

the penetration data showed a significant 

improvement. 

Lenalidomide's cumulative permeation from the 

niosomes reached roughly 66.8% at 8 hours, 

while the plain drug's permeability was only 

42.3%, suggesting a notable improvement in 

membrane transport. The presence of the non-

ionic surfactant (Span 80), which is known to 

interact with membrane lipids, increase 

membrane fluidity, and decrease diffusional 
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resistance, thereby facilitating drug permeation, 

and the smaller particle size of the niosomes, 

which increases surface area and contact with 

the membrane, are both responsible for this 

enhancement [20, 23, 24]. 

But it's important to recognise the permeation 

model's limitations. The complex structure and 

barrier 

characteristics of human skin or intestinal 

mucosa are not fully represented by the egg 

membrane employed in this study, which 

functions as a simpler surrogate membrane. 

Therefore, additional research utilising more 

physiologically relevant membranes and in vivo 

models is necessary to confirm the clinical and 

translational relevance of these findings, even 

though the observed increase in permeation 

offers a strong preliminary indication of the 

ability of niosomes to enhance lenalidomide 

permeability [25]. 

 

 

 

 

 

 

 

 

 

 

 

Figure8. Time vs Cumulative % drug release of plain Lenalidomide and Lenalidomide niosomes 
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Figure9. Time vs Cumulative % Permeability of Lenalidomide niosome

Conclusion 

The current investigation sought to develop, 

optimise and assess niosomes loaded with 

lenalidomide. The final formulation (F4) was 

chosen based on the design space generated 

through a factorial design approach for 

optimisation. In comparison to previous batches, 

the optimised formulation (F4) showed 

favourable properties such as ideal particle size 

and homogeneity, excellent entrapment 

effectiveness, and an improved release profile, 

suggesting its potential to increase 

bioavailability and decrease dosage frequency 

With a particle size of roughly 177.10 nm, 

niosomes made with Span 80 confirmed their 

nanoscale range and suggested increased 

bilayer flexibility that might aid drug penetration 

through biological membranes. Additionally, 

after niosomal encapsulation, the release profile 

showed a higher release rate. 

In further research we will concentrate on in vivo 

studies, including pharmacokinetic and 

pharmacodynamic assessments in appropriate 

animal models of multiple myeloma, as the 

current study was restricted to in vitro 

evaluations. These investigations would be 

necessary to establish the Lenalidomide-loaded 

niosomal formulation's improved bioavailability, 

therapeutic efficacy, and safety, thereby 

validating its promise as a clinically feasible drug 

delivery system. 

Materials And Methods 

Materials 

Lenalidomide was purchased from J. K. 

Chemicals Gujarat India Cholesterol span 60 

and span 80  was purchased from Analab fine 

Chemicals The all other reagents were of 

analytical grade. 

Pre-formulation studies 

Pre-formulation studies involves the physical 

parameters (Appearance, solubility, melting 

point), Ultra-violet spectroscopy, FT-IR (Fourier 

transform- Infrared) studies and DSC 

(Differential scanning calorimetry) to check the 

physical parameters and compatibility of drug 

and excipients. 

Formulation of Lenalidomide loaded 

niosomes 
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The drug was dissolved into an organic phase 

i.e. methanol, then it was mixed until compl.etely 

dissolved. Next, sorbitan mono stearate (Span 

80), cholesterol, and lip.id were added into the 

solution and mixed using a magnetic spin bar in 

a 20 mL glass beaker. In a separate 50 mL glass 

beaker, purified water was heated at various 

temperatures using a hot plate with magnetic 

stirring. The temperature of the water phase was 

selected based on the design requirement. The 

organic phase was filled into a 10 mL syringe 

with a 26 G needle. The organic phase mixture 

was injected into the preheated aqueous phase 

using predetermined parameters based on the 

experimental design. Mixing was carried out 

based on the values identified from the design 

of experiment (DoE). In the last step of the 

process, the batch was cooled down to RT and 

the formulation was sto.red in a suit.able glass 

storage container. 

Formulation trial batches of different ratios of 

span 80 and Span 60 were prepared as seen in 

table 4. 

 

Sr. 
no 

Surfactant type Surfactant 
to drug 
ratio 

Particle size 
(nm) 

Drug 
content (in 
%) 

1. Span 80 1:0.5 189..20 82.26 

2. Span 80 1:1 106.0 85.23 

3. Span 80 1:2 254..40 79.18 

4. Span 60 1:0.5 435..77 84.49 

5. Span 60 1:1 348..03 81.86 

6. Span 60 1:2 488.0 83.76 

Table 4. Trial batches formulation table 

 

Factor Symbol Low (–1) Medium (0) High (+1) 

Conc. of Span 80 (mg) X₁  27 30 33 

Conc. of Cholesterol (mg) X₂  57 60 63 

Table 5 Independent parameters and levels 

The dependent variables (responses) were particle size (Y₁ , nm) and zeta potential (Y₂ , mV). The 

experimental design generated nine formulation trials (F1–F14), each representing a unique 

combination of the two independent variables (Table 6). 

The statistical analysis, model fitting, and generation of contour and 3D surface response plots were 

performed using Design-Expert® software (Version 13, Stat-Ease Inc., Minneapolis, USA). The 

optimized batch was selected based on achieving the smallest vesicle size, high absolute zeta 

potential, and satisfactory entrapment efficiency. 

Different experimental runs F1 to F14 were prep.ared as shown in table 6 

Table 6. Experimental runs 
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Sr. No. Batches Cholesterol 
Conc. 

Span 80 

1 F1 0 0 

2 F2 -1 +1 

3 F3 0 +1 

4 F4 +1 +1 

5 F5  +1 -1 

6 F6 +1 -1 

7 F7 -1 0 

8 F8 0 0 

9 F9 -1 +1 

10 F10 +1 0 

11 F11 0 -1 

12 F12 -1 0 

13 F13 -1 -1 

14 F14 0 0 

 

 

Visual Appearance 

Dispersion of niosomes was visually inspected 

to determine its appearance, turbidity and to see 

the presence of flocculation and phase 

separation by taking dispersion in transparent 

container. 

Drug content 

10 mg equivalent was taken from prepared 

niosomal suspension and dissolved in 10 ml of 

methanol. These were kept for the sonication 

and to check absorbance in the UV 

spectrophotometer. 

Optical Microscopy 

The ultrastructure of the niosomal vesicles was 

observed using the microscope. A slide of a 

dispersion was applied on to a glass slide and 

this was covered with a cover slip. The eye piece 

magnification set to 10X and the objective lens 

to 40X was used. 

Entrapment 
The effic.iency of entra.pping (EE%), can be 

rega.rded as the perce.ntage that repre.sents 

that segm.ent of the amo.unt of the drug used 

and gets trap.ped wit.hin the nios.omes. 

Centrif.ugation can be appl.ied to elimi.nate 

free drug whi.ch has not been encaps.ulated 

in the niosomal solu.tion by appl.ying dial.ysis 

proce.dure. In the pha.se the vesi.cles 

destr.oyed ena.ble the drug that is loa .ded in 

nios.omes to be rele.ased. Nios.omal 

suspe.nsion nios.omes cou.ld be destr.oyed 

by addi.tion of 0.1 per cent Tri.ton X-100 or 

50 perc.ent prop.anol. The loa.ded and free 

concent.ration of the drug can be meas .ured 

by the UV spectrophotometer. In ord.er to 

meas.ure the entra.pment effic.iency, it is 

calculated as foll.ows: 

 

Dispersion of size, Poly Dispersity Index 
and Measurement of Zeta potential: 

To obt.ain a Size Dispe .rsion, and Poly 

Dispe.rsity Ind.ex (PDI), Dyna.mic lig.ht 

scattering was done. Zeta poten.tial of 

dispe.rsion val.ue is not.ed by the expo.sure of 

dispe.rsion into elec.tric fie.ld. The zeta 

poten.tial will have a proport.ionate 

relati.onship to the spe.ed of the parti.cles of 

the dispersion that will be incl.ined to str.ay to 

the electrode of oppo.site pola.rity. 

In vitro release studies 
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In vit.ro rele.ase of Lenalid .omide from the 

nios.omes was studied in phosp.hate buf.fer 

pH 6.8 for 8 h usi.ng United Sta.tes 

Pharmacopeia (USP) type II Paddle type 

appar.atus usi.ng vol.ume 900 mL, at 100 rpm 

and 37°C. Samp.les (5 mL) were withd .rawn 

thro.ugh pipe.tte at diffe.rent time inter.vals 

and were assayed at 242 nm for 

Lenalid.omide cont.ent 

spectrophotometrically. 

In vitro permeation study: 
The in vit.ro perme.ation stu.dy of the 

prep.ared nios.omes was carr.ied out usi.ng 

Franz diffu.sion cell thro.ugh egg she.ll 

memb.rane beca.use the egg she.ll 

membrane resembles hum .an stra.tum 

corn.eum as it cons.ists mai.nly of kera.tin 

[26]. The memb.rane was accordingly 

prep.ared bef.ore use [27]. The water in the 

out.er jac.ket of the cell was warmed and set 

at 37 ± 1∘C throughout the experi.ments to 

provide a skin surf .ace temperature. 

Phosp.hate buf.fer solu.tion of pH 6.8 was 

used as dissolution med .ium in the rece.ptor 

compar.tment. A 10mg equiv.alent of 

niosomes was tak.en and appl.ied over the 

moun.ted memb.rane in diffu .sion cell. Aft.er 

that, the samp.les were withd.rawn from the 

receptor compar.tment at regul.ated 

inter.vals. The samp.ling schedule was at 0, 

1 hour, 2 and then it was at eve .ry hour 

inte.rval till 8th hour of rele .ase. One mL of 

the rece.ptor solu.tion was colle.cted as 

sam.ple each time and simulta .neously one 

mL of phosp.hate buf.fer solu.tion was add.ed 

back to the receptor cell for mainta.ining the 

same initial vol.ume of the receptor cell 

solu.tion. The colle.cted samp.les were 

anal.ysed usi.ng UV-.Vis spectrophotometer 

[28]. 
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