
Article Not peer-reviewed version

Development and Optimization of

Nanostructured Lipid Carriers of

Nilotinib for Treatment of Cancer via

Oral Route

Ananda Kumar Chettupalli * , M Yasmin Begum , Sandeep Bolla , Khalid Orayj , Asif Ansari Shaik Mohammad

, Mohammad Khalid , Narender Boggula , Chandan Mondal

Posted Date: 25 November 2025

doi: 10.20944/preprints202511.1961.v1

Keywords: nilotinib; Philadelphia chromosome; chronic myeloid leukemia; nanostructure lipid carrier; Box-

Behnken design; bioavailability

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/2250407
https://sciprofiles.com/profile/2425402
https://sciprofiles.com/profile/3708285
https://sciprofiles.com/profile/1752603
https://sciprofiles.com/profile/2662200
https://sciprofiles.com/profile/2270550
https://sciprofiles.com/profile/4919102
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


 

 

Article 

Development and Optimization of Nanostructured 

Lipid Carriers of Nilotinib for Treatment of Cancer 

via Oral Route 

Ananda Kumar Chettupalli 1,*, M Yasmin Begum 2, Sandeep Bolla 3, Khalid Orayj 4,  

Asif Ansari Shaik Mohammad 4, Mohammad Khalid 2, Narender Boggula 5 and  

Chandan Mondal 6 

1 School of Health and Medical Sciences, Department of Pharmaceutical Sciences, Adamas University, 

Barbaria, West Bengal 700126, India 
2 Department of Pharmaceutics, College of Pharmacy, King Khalid University, Abha Kingdom of Saudi 

Arabia 

3 Department of Statistical Programming, Fortrea, USA 
4 Department of Clinical Pharmacy, College of Pharmacy, King Khalid University, Abha Kingdom of Saudi 

Arabia 

5 Department of Pharmaceutical Chemistry, Omega College of Pharmacy, Edulabad, Ghatkesar, Medchal, 

Telangana, India - 501301 

6 Department of Pharmaceutical Sciences, School of Medical and Allied Sciences, Galgotias University, 

Gautam Buddha Nagar, Greater Noida, Uttar Pradesh 203201, India 

* Correspondence: anandphd88@gmail.com 

Abstract 

Background/Objectives: Nilotinib (NTB) a tyrosine kinase inhibitor, helps CML patients with the 

Philadelphia chromosome. An increasingly rigorous dose regimen and a boxed warning limit the 

drug’s use. NTB should be taken orally on an empty stomach two hours before and one hour after 

the dosage. A new reduced-dose nanoparticle formulation of NTB reduces the effect of food on PK 

and achieves equivalent bioavailability (BA) while fasting. The study investigated if nanostructured 

lipid carriers could make BCS class II medication NTB more soluble and easier to swallow. Methods: 

The formulation was optimized using the “Box-Behnken design (3-factor, 3-level)”. Polydispersity 

index, Zeta potential, EE, and particle size were dependent variables, while total lipid concentration, 

surfactant concentration, and sonication time were independent. Investigation of the optimized 

formulation’s in vivo pharmacokinetics, tissue absorption, and in vitro release. Results: In the 

optimized formulation, PDI, particle size, EE%, and ZP were 135.26±3.86 nm, 0.126±0.09, 89.62±1.26%, 

and -42.16±1.75mV, respectively. Transmission electron microscopy revealed circular particles. In 

vitro, NTB released 96.15% with pure NTB dispersion and 56.34% with NTB-NLCs after 24 hours. 

The data was acquired using a zero order. NTB was administered to acute myeloid, acute 

lymphoblastic, and acute T cell leukaemia at IC50 values of 251, 302, 398, 218, 248, and 225 µg/mL, 

respectively. NTB had IC50 values of 124, 118, 146, 125, 139, and 135 µg/mL against acute myeloid, 

acute lymphoblastic, and acute T cell leukaemia cell lines. Conclusions: The malignant leukaemia 

cell line’s vitality decreased dose-dependently with NLCs and NTB. Our cytotoxicity experiments in 

various cell lines and Wistar rats enhanced oral bioavailability of NTB suggest that the optimized 

NTB-loaded NLCs. 

Keywords: nilotinib; Philadelphia chromosome; chronic myeloid leukemia; nanostructure lipid 

carrier; Box-Behnken design; bioavailability 
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1. Introduction 

Cancer is an umbrella term for a variety of disorders characterized by uncontrolled and 

abnormal cell growth. When it comes to global mortality, cancer ranks second, with 9.7 million 

fatalities in 2022, according to sources cited by the World Health Organization [1]. One of the most 

successful ways to treat cancer is using chemotherapy. Unfortunately, there are a lot of problems that 

may arise from utilizing traditional ways of administering chemotherapy since it cannot differentiate 

between healthy and sick cells. Reduced chemotherapy-related side effects are possible with focused 

delivery of anti-cancer medications to malignant cells. To improve therapeutic efficacy while 

reducing toxicity, many nanomedicines have been created [2,3]. 

“Nanomedicine” is defined by the NIH as a nanotechnology-based drug delivery system that 

addresses the physicochemical and clinical issues associated with therapeutic medicines. To cure, 

diagnose, and prevent illnesses, nanomedicine acts as a molecular bridge for pharmaceuticals. 

Researchers have shown a lot of interest in nanomedicine and have attempted to use it to diagnose 

and treat cancer in an effort to lower the high mortality and morbidity rates associated with the 

disease [4]. A number of practical features of nanomedicine lend themselves well to the medication 

delivery system. Among these characteristics include the ability to load several drugs, substantial 

surface area relative to volume, and a size that is less than a micron. The addition of certain ligands 

allows both passive and active targeting, which is another potential use. Similarly, by blocking 

opsonization and lymphatic targeting of cancer medications, the nanoparticle may prolong the 

elimination half-life of chemotherapy medicines [5]. 

Acute myeloid leukaemia is the most common kind of myeloid blood cancer, which is 

notoriously hard to treat in individuals 65 and above [6–9]. There are now two parts to the standard 

of treatment for AML, and these are remission induction therapy and consolidation therapy [10]. The 

conventional induction therapy is known as the “7 + 3” protocol and consists of a 7-day cytarabine 

administration followed by three full days of daunorubicin, an anthracycline [11]. Consolidation 

treatment, which usually involves large dosages of cytarabine or hematopoietic stem cell 

transplantation, is administered to patients after they attain first remission after induction therapy in 

order to remove remaining leukemic cells [12]. In an effort to find better treatments, clinical studies 

were conducted during these years to look at different schedules, dosages, and even novel cytotoxic 

agents [13,14]. 

Relapse and the same treatment hurdles await AML patients even when they achieve full 

remission. Thankfully, many new AML treatments have been authorized since 2017 [15], including 

Midostaurin, Nilotinib, Dasatanib, Vyxeos, and Venetoclax. Having said that, Patients with AML 

who are 65 and older have a survival rate after five years of around 10% [16], making for a very bleak 

outlook. Improving treatment results for AML patients requires new therapeutic techniques 

immediately. When it comes to treating AML, Nilotinib is one possibility that has shown encouraging 

results [17]. 

As people become older, their risk of developing acute myeloid leukaemia (AML) rises. The 

exact cause of the illness is often a mystery, however it might manifest after being exposed to 

Infectious chemicals or after an underlying haematological problem (such myelodysplastic 

syndromes, MDS). The advancements of AML begin with a series of genetic changes in multipotential 

haematopoietic stem cells, which in turn cause aberrant clonal proliferation and myeloid cell 

differentiation [18]. The median age of AML patients is 64 years old, and the majority of patients are 

adults [19]. The prognosis is still dismal, particularly for elderly patients; less than 30% of patients 

make it through the first year after diagnosis [20]. 

Induction treatment has not altered much since 1973, despite our improved knowledge of the 

illness and its basic features in the last few decades. On the other hand, four new medications were 

authorized by the FDA in 2017, which completely altered the treatment landscape of AML. A new 

liposomal combination of daunorubicin and cytarabine, Vyxeos® (Jazz Pharmaceuticals), is one 

example. Illnesses such severe infections, anaemias that need red blood cell transfusions, and 

thrombocytopenia that may lead to hemorrhagic events are the majority of adverse reactions of AML 
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therapy, which is myelosuppression with neutropenia. Total AML patient survival rates have been 

steadily rising over the past few decades [21,22] because to supportive therapy with anti-infectious 

medications [23,24] and growth factors [25]. 

Nilotinib has limited therapeutic potential because of its low absorption when taken orally and 

limited water solubility, notwithstanding its effectiveness [26,27]. One potential solution to these 

problems is to improve the solubility of the medication, the rate of controlled release, and the 

distribution to cancer cells of nilotinib by using formulations based on nanocarriers. As targeted 

therapeutic medicines in cancer, TKIs, or tyrosine kinase inhibitors, have had encouraging 

therapeutic benefits in the past [28]. Imatinib was the first TKI utilized, however several resistances 

in CML therapy [29] urgently necessitated the development of subsequent generations of TKIs, 

including PF-114 [30], ponatinib [31], nilotinib [32], and bosutinib [30]. The “gatekeeper” mutation 

T315I, is the most lethal and common mutation that causes nilotinib resistance [33,34]. To begin with, 

Bcr-Abl kinase domain variations frequently result in resistance. There is encouraging evidence that 

this protein might be used to treat cancer because of the significant cancer-specific activity it has 

shown [33]. 

As many as 70% of synthetic therapeutic compounds and 40% of medications in development 

suffer from issues related to oral bioavailability and delivery due to poor solubility [35,36]. It is 

difficult to transfer poorly soluble medicines from the stomach to the bloodstream after taking them 

orally due to the small concentration gradient between the two. The same holds true for the injection 

location; small solute levels, sufficient drug levels in bodily fluids cannot be attained when supplied 

parenterally as micro suspensions [36]. So as to boost the saturation solubility of drugs that are not 

very soluble in bodily fluids, new delivery strategies are required [37]. To make these medications 

more soluble, one strategy is to load them onto solid lipids and then employ them as nanocarriers 

[38,39]. 

Considering these nanoparticles that contain drugs to work like a medication delivery system, 

they need to be stable at the nanometer scale, exhibit sustained-release properties, and be able to pass 

through various anatomical barriers [39]. To achieve this goal, many nanocarriers have been created, 

such as lipid-drug conjugates, SLN, and NLC [40,41]. Among the numerous advantageous 

characteristics of nanocarriers of lipid as a carrier system are their ability to degrade, lack of 

hazardous degradation products, compatibility with polar and lipophilic medicines, controlled drug 

release, and simplicity of scalability and cheap cost [41]. NLCs, the next generation of SLN, has all 

these qualities and show significant potential as a site-specific, controlled drug delivery method that 

gets beyond SLN’s drawbacks. items [42,43]. Improved sustained reliability and regulation of 

medicine release are two of the most important benefits of NLC over SLN [44,45]. Nanostructured 

lipid carriers are created by combining and closely integrating a solid lipid matrix with oils, which 

may increase the total lipid content to as much as 95% [46,47]. A extremely viscous or pasty NLC 

dispersion is the result of the NLC preparation process known as high-pressure homogenization 

[48,49]. 

A number of statistical experimental designs have emerged in recent years that allow for the 

optimization of preparation with some test and the estimation of the significance relationship among 

elements [49]. When dealing with complex variable interactions, several studies have demonstrated 

that response surface methodologies (RSMs) like the Box-Behnken design (BBD), and D-optimal 

design are useful for improving lipid component compositions [50]. In BBD’s, the process space’s 

midpoints and edges house the three levels of the factors. Experiments with severe factors in BBD 

may be easily avoided using this cubic design, which does not have any vertices. Furthermore, 

compared to other three-level response surface design models, BBD needs the fewest runs. For this 

reason, BBD has reportedly proven helpful in the optimization of a wide range of nanocarriers for a 

variety of uses [51]. 

The purpose of this research was to create and test NTB-loaded nanolayered chemokines (NTB-

NLCs) in vitro by employing a variety of cell lines from various types of cancers, including human 
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HL-60/vcr, acute lymphoblastic leukaemia, acute T cell leukaemia, and encapsulation and release 

performance studies. 

2. Materials and Methods 

2.1. Materials 

A free sample of nilotinib was provided by “Hetero Laboratories pvt, Hyderabad (India)”. “S.D. 

Fine Chemicals (New Delhi, India)” was the source of stearic acid, oleic acid, and Tween 20. The 

following ingredients were sourced from Sigma-Aldrich: olive oil, sorbitol, lipoid S100 (lecithin or 

phosphatidylcholine), and thimerosal. 

2.2. Methods 

2.2.1. Selection of the Liquid Lipid and Surfactant 

The ability to dissolve of NTB in different fluid lipids and surfactants was tested using a 2.0 mL 

tube. One mL of every vehicle was added to the tube with an excess of NTB. A vortex shaker was 

used to shake the mixtures for 72 hours at 25 °C until they reached an equilibrium condition. The 

next step was to spin the mixes at 16,000 rpm for 5 minutes. The surplus NTB in the resulting 

supernatant was filtered out using a 0.20 µm needle filter. The NTB was determined utilizing HPLC-

UV analysis after the filtrates were properly diluted with methanol. Based on the results of the NTB 

solubility investigation, the fluid lipid used in the NLC formulation is Miglyol 812N, and the 

surfactant is Tween 80 [52]. 

2.2.2. Screening of Solid Lipids and Selection of Surfactant 

The medication’s solubility in various liquid lipids was considered during lipid selection. In 

order to choose the right ones, a quantity of solid fats, weighing 1 gram, were heated up at 75 degrees 

Celsius, mixed with a magnetic stirrer, and the drug was incorporated to the surfactant in stages until 

saturation was reached [53]. Based on how well they dissolved in NTB saturation, we chose the solid 

lipids and surfactant. For the purpose of evaluating saturation solubility. The samples were mixed 

with three milliliters of the medication and mixed well by vortexing until completely dissolved. It 

was continued until the drug solution in every sample was completely used up. Following that, it 

was set aside for 12 hours to reach a stable state. To spin the combination at 5000 rpm for 30 minutes, 

a “Model R 23 centrifuge was used. Upon pipetting off the supernatant and diluting it with methanol, 

the drug concentration was measured using a “UV spectrometer” set up at 296 nm [54]. In addition, 

the drug’s solubility and ionic nature were considered while selecting the surfactant. 

2.2.3. Miscibility of Solid and Liquid Lipids 

The lipids that dissolved NTB the best, both liquid and solid, were selected for the miscibility 

study and melted at temperatures that were above the point at which they melted. The maximal 

solubilizing potential of the solid and liquid lipids were then determined by mixing them in various 

quantities (3:1, 4:1, 5:2, and 6:3), as shown in Table 1. The resulting mixtures were further mixed with 

a magnetic stirrer at 70ºC and 200 rpm for 1 hour before being left to stand for twenty-four hours. At 

last, the mixture was examined visually to check for phase separation [55]. 

Table 1. Experimental range of formulation parameters (factors) and critical quality attributes (CQAs) of NTB-

NLCs. 

Independent Variables 

Parameters  Low (-1) Medium (0) High (+1) 

A: Lipid concentration (%) 1 2 3 
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B: Tween 80 (%) 1.5 2.5 3.5 

C: sonication time (min) 5 10 15 

Dependent Variables 

R1: Particle size (nm) Minimize 

R2: Entrapment efficiency (%) Maximize 

R3: Polydispersity index (PDI) Target 

R4: Zeta Potential (mV) In range 

2.2.4. Preparation of NTB Loaded NLCs 

In order to create the drug-loaded NLCs system, the “ultra-sonication method” was used. At 

first, a 6:3 ratio of glyceryl monostearate and Miglyol 812N, which had the highest solubilizing 

potential, was mixed with NTB according to weight. The combination was then heated at 70ºC until 

it formed a transparent oil phase. The next step was to make 10 mL of the liquid phase by boiling 

distilled water with the surfactant (Tween 80) until it was completely dissolved. The oil and water 

phases were mixed at 70 degrees Celsius with a magnetic stirring device operating at 500 revolutions 

per minute [56]. A clear pre-emulsion was created by constantly rotating and agitating the mixture 

with the magnetic stirrer. A “probe sonicator was used to sonicate the final dispersion. The sonication 

cycle lasted 20 minutes and had an amplitude of 80%. The same experimental settings were also used 

to generate the placebo formulation. 

2.2.5. Formulation Optimization Using Box-Behnken Design 

An optimization method called the “Box-Behnken design” with 3 tiers and 3 components was 

used to fine-tune the NLCs’ formulation in the “design expert software (Design-Expert 12.0.3.0, State-

Ease Inc., Minneapolis, MN, USA)” application. The formulation of the NLCs was statistically 

optimized using the Box-Behnken experimental methodology. The amounts of lipid concentration, 

surfactant volume, and sonication time were the independent variables for optimization, while the 

dependent factors were the particle size (R1), (EE) (R2), (PDI) (R3), and (R4) ZP [57]. In the Box-

Behnken layout, points are established three times: once in the center and once at the halfway of each 

side of a three-dimensional cube. The results of the first trials were used to calculate the values of the 

independent variables, which are shown in Table 1 as low (−1), medium (0), and high (+1). As part of 

the optimization of the NLCs formulation, Table 2 also includes the dependent variables, Yi, which 

act as response criteria. Table 2 shows the results of a design matrix that was created using the 

program Design-Expert 12.0.3.0. This matrix included 17 separate trial runs. The non-linear quadratic 

model generated by the design had the following form: 

Yi = B0 +B1X1 +B2X2 +B3X3 +B12X1X2 +B23X2X3 +B13X1X3 +B11X1X1 +B22X2X2 +B33X3X3 

A statistically significant result was defined as a P-value below 0.05. We also used analysis of 

variance (ANOVA) to see how significant the model was [58]. 

Table 2. Observed Box–Behnken experimental runs of NTB-loaded NLCs with their actual experimental value 

of R1 (particle size), R2 (entrapment efficiency), R3 (PDI) and R4 (Zeta potential). 

Run Std A B C R1 R2 R3 R4 

1 1 1 1.5 10 79.84±0.96 186.49±3.62 0.198±0.05 -36.49±2.35 

8 2 3 2.5 15 72.53±1.23 193.25±2.51 0.186±0.06 -32.59±1.64 
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14 3 2 2.5 10 75.02±1.45 180.36±4.35 0.243±0.04 -34.01±2.05 

16 4 2 2.5 10 74.01±1.28 190.58±3.29 0.261±0.08 -36.85±1.96 

10 5 2 3.5 5 45.68±1.34 310.69±4.57 0.412±0.06 -22.49±1.42 

3 6 1 3.5 10 59.84±0.89 298.64±5.68 0.389±0.09 -29.84±2.16 

4 7 3 3.5 10 72.69±1.24 168.74±4.95 0.196±0.07 -30.41±1.95 

5 8 1 2.5 5 48.62±1.36 289.53±6.25 0.312±0.13 -26.57±1.27 

11 9 2 1.5 15 65.31±1.25 243.15±4.51 0.295±0.15 -33.26±1.36 

2 10 3 1.5 10 45.61±1.4 289.53±3.58 0.327±0.16 -27.53±1.85 

15 11 2 2.5 10 73.54±1.37 175.32±5.74 0.195±0.24 -32.41±1.95 

9 12 2 1.5 5 42.13±1.28 264.15±4.69 0.296±0.15 -26.31±1.42 

6 13 3 2.5 5 52.36±1.64 236.94±6.31 0.247±0.18 -29.54±1.68 

13 14 2 2.5 10 72.46±1.52 184.25±5.29 0.165±0.14 -34.26±1.43 

7 15 1 2.5 15 89.62±1.26 135.26±3.86 0.126±0.09 -42.16±1.75 

12 16 2 3.5 15 76.49±1.43 175.48±6.52 0.235±0.05 -36.95±1.26 

17 17 2 2.5 10 75.63±1.59 180.36±4.39 0.241±0.01 -35.42±1.29 

The results are expressed as mean ± standard deviation, n=3 of the obtained values. 

2.3. Characterization of NTB-NLCs 

It was crucial to adequately and properly define the NLC in order to determine its quality. The 

characteristics of the NTB-NLCs that were evaluated were the size of the particles, ZP, 

polymorphism, drug amount and stability, in vitro drug release, morphology, and the existence or 

lack of other colloidal structures [59]. 

2.3.1. Particle Size and Polydispersity Index 

During regular measurements of the size of particles and nanoparticle width distribution, 

photonic correlation analysis, also known as light scattering dynamically, is the most efficient 

technique. In a disposable cuvette, NTB-NLCs were dissolved in a fixed amount of filtered, doubly 

distilled water. Based on the investigation, PDI and average size of particles of NTB-NLCs were 

calculated. The measurements were made three times at 25 °C, and the standard variations were 

calculated using a constant 90° diffraction angle [60]. 

2.3.2. Measurement of Zeta Potential 

The zeta potential is a tool for predicting long-term stability; it is an indirect way to estimate the 

diffusion layer thickness. The zeta potential was found with the use of the Zetasizer Nano ZS, and 

the laser-based Doppler electrophoresis technique was used to measure the component electrostatic 

mobility. In order to achieve the optimal kilo counts per second range of 50-200, the newly produced 

particles were diluted appropriately in double-distilled water before the tests were carried out three 

times [61]. 
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2.3.3. Entrapment Efficiency and Drug-Loading Capacity 

The drug-release properties are affected by the chemical composition of the NLCs; hence, it is 

crucial to know how much medication is contained in each nanoparticle [62]. This was accomplished 

by use of Centrisart® filter tubes, manufactured by Sartorius AG of Göttingen. The 3 mL pure NTB-

NLC sample that had been deposited in the outer chamber was placed on top of the specimen 

recovery container. Centrifuge 32 was used to spin the closed unit at 20,000 × g for 15 minutes. The 

procedure works on the idea that the material in the recovery container is connected to the water 

phase by means of a thin layer of membrane, while the NTB-NLCs stay in the outside chamber 

isolated from it. Next, validated HPLC was used to assess the concentration of NTB in the water 

phase. The concentration of NTB in the NLC was determined using the technique described by Wa 

Kasongo et al. [63], which involves subtracting the concentration of NTB from the total dispersion 

and then adding it to the concentration of NTB in the aqueous phase after ultrafiltration. 

Entrapment efficiency (%) = 
Total drug − Drug detected only in supernatant

Total drug 
𝑋100 

To find the % drug loading capacity of NTB-NLCs, the following equation was used. 

Drug loading (DL) %= 
Total amount of NTB encapsulated into NLCs

Total amount of lipid used in NTB−NLCs formulation 
𝑋100 

2.4. Morphological Investigation of NLCs 

A transmission electron microscope called an 80 Kv “Morgagni 268D” was used to examine the 

NLCs scattering colored with 1% phosphotungstic acid (Fei Electron Optics, Eindhoven, 

Netherlands)” [64]. The surface structure and morphological properties of the NTB-loaded NLCs that 

were generated were examined using a “scanning electron microscopy (Carl Zeiss Evo 18, Germany)” 

instrument. 

2.4.1. Transmission Electron Microscopy (TEM) Analysis 

The surface structure of the nanomaterials and form were studied using transmission electron 

microscopy. A hydrophilic filter membrane was used to remove excess liquid, and then a carbon-

coated copper grid was treated with a little quantity of the diluted NTB-loaded NLCs dispersion. A 

short drying time at 25 °C was followed by one minute of negatively staining the 300-mesh grid with 

2% phosphotungstic acid (w/v). After that, the grid of cells was let to cure at ambient temp. [65]. A 

TEM was used to examine the NTB-loaded NLCs sample, which was mounted on a sample holder. 

The picture was then taken. 

2.4.2. Differential Scanning Calorimetry 

Differential scanning calorimetry may be utilized to find out the crystallization and 

polymorphism of bulk substances, drugs, and drug nanoparticles. This technique measures the 

melting point temp. at their resp. energies [66]. We used a DSC to find out the thermal properties of 

the hydrogenated surfactant, NTB, and optimized NTB-NLCs. The reference was an empty 

aluminum pan. Using pure ultrahigh dry nitrogen, a constant pace of 5 oC each minute was 

preserved, while the temperature range across which DSC curves were obtained was 20 °C to 80 °C. 

Three runs of the analysis were conducted. The Mettler Energy Star software was then used to 

calculate the enthalpies [67]. 

2.4.3. Wide-Angle X-Ray Diffraction 

The degree of crystallinity may be assessed by measuring the geometrical dispersion of light 

from crystal surfaces inside the nanoparticle dispersion using broad-angle X-ray diffraction. We 

detected the crystallinity of the optimized NTB-NLCs using an X-ray diffractometer that had the 

radioactive anode made of copper. Placed on top of X-ray plates, powdered samples of hydrogenated 

surfactant, NTB, and optimized NTB-NLCs of about 10 mm in length were subjected to a 45 kV 

voltage. This X-ray diffractogram pattern was observed across a 20°-80° range [68]. 
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2.5. In Vitro Drug Release Study 

To ascertain the NTB-NLCs’ quality and anticipate their behavior, in vitro drug release research 

is helpful. A lipid nanoparticle dispersion-based in vitro kinetic method for releasing media was used 

to enable the release of NTB from the NLCs to continue for 48 hours. Through the use of a 0.785 cm2 

modified Franz diffusion cell setup and a volume of 5 mL, the parameters of NTB release from the 

NLCs were determined. An interconnecting rubber band separates the donor and receptor sections 

was used to insert a cellulose acetate membrane from HiMedia (Mumbai, India) [69]. In both 

instances, the conc. of NTB was 4.0 mg/mL. To keep the sodium dodecyl sulphate 2% and 0.1 M 

phosphate-buffered saline pH 7.4 conditions constant throughout the experiment, 5 mL of dialysis 

medium (Sigma-Aldrich) was added to the receptor compartment. At a constant temp., the contents 

of the cell were constantly combined with a 500rpm stirring mechanism. Utilizing an injection needle 

made of metallic stainless steel 316 and a sidearm pipe, 500 µL of the medium from the time intervals 

between withdrawals of the receptor segment were 0, 1, 2, 4, 6, 8, 10, 12, 24, and 48 hours. In order to 

keep the quantities of all the samples consistently identical throughout the investigation, they were 

all diluted with new phosphate-buffered solution to the same volume [70]. The quantity of NTB 

released by the NLCs was determined by analyzing the samples using HPLC. The trial was carried 

out three times, and the kinetics of drug release were calculated using three different equations: zero-

order, first-order, and the Higuchi equation [71]. 

2.6. Pharmacokinetic Study 

When testing the oral bioavailability of NTB laden NLC, Wistar rats were used as test subjects. 

Adherence to standards for animal care and handling was maintained throughout the toxicity study 

(Society of toxicity USP 1989). Approval number: CPCSEA/IAEC/JLS/06/03/25/001. The six-rat Wistar 

experiment included three groups: A, B, and C. Each group received an oral feeding tube dosage of 

10 mg/kg of NTB, and each group also received the optimized NTB-NLCs, the commercially available 

drug solution, or a pure drug placebo. Centrifugation was used for 30 min at 5000 rpm to divide the 

plasma and keep it at -20 °C until it was time for HPLC analysis. Blood samples were collected at 

predefined intervals (0, 0.5, 1, 2, 4, 6, 8, 10, 12, 16, 20, 24, and 48 h) [72]. 

2.6.1. Determination of Anti-Acute Leukemia Effects of NTB-NLCs 

NLCs’ anti-acute leukemia and cytotoxic properties were examined using the commonly used 

MTT assay on the following cell lines: (1) leukaemia cell lines that represent acute myeloid leukaemia, 

and acute lymphoblastic leukaemia. (2) HUVEC. Treated with trypsin-EDTA (Gibco BRL, Scotland), 

3000 cells were cultivated in 96-well wells either with or without NTB-NLCs after they were 

separated from the flask surface. Cell viability was also assessed. A 24 hours assessment was 

conducted using an inverted microscope (Motic, AE31 model) to examine morphological alterations 

and general cell properties [73]. 

A colorimetric assay known as the Methy Thiazol Tetrazolium (MTT) was used to assess the 

cytotoxic effects of the NTB-NLCs. This process produces crystals of formazan that are hydrophobic 

in water but solubility in dimethyl sulfoxide. The cells were first cultured in 75 cm round T-flasks 

with 15 mL of medium, each containing 106 cells. Trypsin-Versen was used to enzymatically remove 

the cell layer that had adhered to the flask bottom after 72 hours of coating, and the flask was 

centrifuged in Germany for 10 minutes at 1200 rpm. Use Sigma, 3–30 kHz, to simulate. Using a 

pasteuriser pipette, the cells were immersed in new culture fluid to achieve a cell density of 3000 

cells/well in the plate with 96 wells. Each well was then supplemented with 100 µl of the cell 

suspension that had been produced, either with or without NLCs. The plates were kept in a German 

Memmert incubator for a day after the trypsinization stress was removed in order to recover cell 

viability. 

The next step was to dilute the necessary NTB-NLCs to the proper concentration. The wells of 

the plates were then columnarly filled with 100 mL of each dilution. The next day, the cells were kept 
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in a 37 °C. After 72 hours of incubation with NTB-NLCs, each well was enhanced by 20 εL of an MTT 

solution containing 5 milligrams per milliliter. Carefully remove the culture media containing MTT 

after incubating the plates for 4 hours. A regulated light density was defined as cells free of NLCs, 

while a blank was defined as a well devoid of cells and containing just RPMI1640 media 

supplemented with bovine fetal serum. Lastly, the IC50 level was determined using linear regression. 

This level indicates the conc. of the extract that reduces the development of cancer cells by 50%. 

2.7. Statistical Analysis 

An ANOVA in one direction and the Duncan post-hoc test (p ≤ 0.01) were used in the SPSS-22 

software to examine the obtained results. 

3. Results 

3.1.1. Lipid Screening and Selection of Surfactant Solubility Study 

One of the most crucial steps in creating the NLCs was choosing an appropriate vehicle, as NTB 

has low solubility in water (<50 ng/mL). Out of all the liquid lipids that were evaluated, NTB had the 

greatest solubility in Miglyol 812 N (18.63 ± 0.96 mg/mL), with Lauroglycol CC, and Labrafac CC 

following closely behind. 

Among the surfactants, Tween 80 had the maximum solubility at 9.68 ± 0.24 mg/mL, being 

succeeded by limonene, PEG 400, isopropyl myristate, Tween 20, and the like. Accordingly, Tween 

80 and Miglyol 812 N were utilized to optimize the formulation with the liquid fat and lubricant for 

the synthesis of NLCs. The concentrations of NTB in different solutions were determined to be as 

follows: 22.36 ± 3.21 mg/mL in GM, 18.74 ± 1.29 mg/mL in stearic acid, 19.58 ± 1.02 mg/mL in Gelucire 

44/14, and 15.34 ± 0.95 mg/mL in Apifil. The study’s findings showed that NTB was more soluble in 

GM (22.36 ± 3.21 mg/mL) and Tween 80 (12.68 ± 0.24 mg/mL) (Figure 1). Tween 80 was also used. 

Because of minimal toxic effect, outstanding compatibility and durability, and pH-independent 

functionality, the non-ionic surfactant was selected. Compared to other non-ionic surfactants, Tween 

80 had a greater solubility of NTB (9.68 ± 0.24) [73]. and, therefore, It was chosen to be the surfactant 

in the formulation of NLCs. 

 

Figure 1. Solubility determination of NTB with different lipids and surfactants. 
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3.1.2. Miscibility of Solid and Liquid Lipids 

Mixtures of glyceryl monostearate and Miglyol 812 N demonstrated excellent miscibility at the 

various ratios tested. It is additionally recognized that the concentration of liquid fats affects the 

trapping of medication molecules. Hence, it is important to use the greatest quantity of the chosen 

lipid. The reason for this is because as the proportion of liquid lipids in the transporting lipid 

increases, it disrupts the crystalline makeup that is very organized and leaves more space for the 

medicinal product molecules. Therefore, a 6:3 ratio of oleic acid to glyceryl monostearate was used. 

This section may be divided by subheadings. It should provide a concise and precise description 

of the experimental results, their interpretation, as well as the experimental conclusions that can be 

drawn. 

3.1.3. Preparation and Optimization of NTB-Loaded NLCs 

The SFN-packed NLC formulation was optimized and constructed using Design-Expert 

software utilizing a “Box-Behnken design” that had three variables that were autonomous at three 

separate levels (Table 2). The dependent elements of PS, PDI, EE, ZP were clearly correlated with the 

independent factors of Tween 80 conc. (B), sonication time (C), and total lipid conc.(A). We looked at 

the effects of each independent variable separately and together. As shown in Figures 2–5, three-

dimensional (3-D) plots were created for each of the four responses (R1, R2, R3, and R4). The 

predictive analysis is shown in Table 3, which summarizes the findings of the quadratic equation 

fitting of responses R1, R2, R3, and R4 [74]. In Figure 5, the overlay plot, desirability plot, and 

perturbation plot of the optimized formulation were quantitatively compared. Table 2, which shows 

the outcomes of 17 separate runs, indicates that the quadratic model was the best fit for all three 

variables that were dependent that the nonlinear program generated. Its correlation coefficient (R2) 

was about 1. The model summary statistics and polynomial equations for the dependent variables 

are shown in Table 3. 

Table 3. Summary of regression analysis for responses R1 (particle size in nm), R2 (entrapment efficiency in %) 

R3 (PDI) and R4 (zeta potential) for fitting data to different models. 

Model R2 Adjusted R2 Predicted R2 SD %CV 

Response (R1)      

Linear 0.5822 0.4857 0.2275 10.16  

2FI 0.7932 0.6691 0.3621 8.25  

Quadratic 0.9913 0.9800 0.8882 2.0 3.03 

Response (R2)      

Linear 0.3324 0.1783 -0.2665 49.48  

2FI 0.7494 0.5990 0.2571 34.57  

Quadratic 0.9896 0.9762 0.8725 8.42 3.86 

Response (R3)      

Linear 0.2617 0.0913 -0.4251 0.0734  

2FI 0.6572 0.4516 -0.2606 0.0571  

Quadratic 0.9228 0.8237 0.7225 0.0324 12.72 
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Response (R4)      

Linear 0.6076 0.5171 0.2803 3.38  

2FI 0.8083 0.6933 0.4377 2.70  

Quadratic 0.9631 0.9156 0.8275 1.41 4.40 

The results are expressed as mean ± standard deviation, n=3 of the obtained values. 

 

Figure 2. Three-dimensional response surface plot showing effect of independent variables on NTB-loaded NLC 

particle size. 
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Figure 3. Three-dimensional response surface plot showing effect of independent variables on NTB-loaded 

NLCs Entrapment Efficiency. 

 

Figure 4. Three-dimensional response surface plot showing effect of independent variables on NTB-loaded NLC 

PDI. 

 

Figure 5. Three-dimensional response surface plot showing effect of independent variables on NTB-loaded NLC 

Zeta potential. 

3.1.4. Fitting of Data to the Model 

The outcomes of the regression evaluation performed on various replies as shows in Table 3. It 

is clear from Table 2 that the response R1 (PS), R2 (PDI), R3 (EE), and R4 (ZP) the content in overall 
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lipids the only unknown variable has a favourable effect on. Surfactant concentration (in this case, 

Tween 80) positively affects responses R2, R3, and R4, but negatively affects response R1. Time spent 

sonicating has a negative impact on all four responses (R1, R3, and Y4). 

3.1.5. Response 1 (R1): Effect of Independent Variables on Particle Size 

An essential characteristic of NLCs is their particle size, and the stability of these new drug 

carriers may be inferred from their PDI. While particle size does affect nanocarrier dispersion, NLCs 

benefit from tiny particles due to decreased liver absorption, increased blood circulation time, and 

improved bioavailability [29]. The range of PS for the NLC was 135.26±3.86 to 310.69±4.57nm, as 

shown in Table 2. R1 PS was shown to be substantially affected by B (amount of surfactant) and C 

(sonication duration) according to the quadratic equation, but A (volume of lipid) was found to have 

a statistically significant impact. A had the most pronounced detrimental impact on NLC particle size 

among the three independent factors (Figure 2). Among the many characteristics of NLCs, the 

polydispersity index and mean particle size are particularly useful for predicting the stability of drug-

loaded nanoparticles. If the particles are tiny, their polydispersity index will be narrow, and if they 

are large, the opposite would be true. Consequently, particle size might affect nanoparticle 

dispersion. Reduced liver absorption, longer blood circulation, and enhanced bioavailability are all 

benefits of NTB-NLCs with a tiny particle size [75]. Minimal phagocytosis of small particles by 

macrophages further reduces their clearance and destruction by the body [76]. With a discrepancy of 

under 0.2, both the Modified R² of 0.9762 and the Expected R² of 0.8725 are inside an acceptable range. 

To get the signal-to-noise ratio, Adeq Precision is used. Preferably, the ratio should be higher than 

4A ratio of 26.790 indicates a strong signal. One way to go around the design space is using this 

model. 

Particle size = +182.17 -2.68A -3.72B -44.27C -58.24AB +27.65AC -28.55BC +9.53A2 +44.15B2 

+22.04C2 

Particle size as a function of the variables that are autonomous is seen in Figure 2’s. 3-

dimensional RSP. According to the theory, the surfactant increased the stability of the particles by 

creating a steric inhibitor on their outermost layer, which stopped tiny particles from combining into 

larger ones [77]. Formulation 15 had the smallest particle size of 135.26±3.86 nm out of the 17 

formulations that were developed, while formulation 5 had the largest particle size of 310.69±4.57 

nm. It should be mentioned that no particle agglomeration occurred in the NLCs system when the 

sonication period was doubled. Other researchers have found findings that are consistent with ours 

[14,78]. 

3.1.6. Response 2 (R2): Effect of Independent Variables on Entrapment Efficiency 

The mean EE%, including all the experiments in Table 2, was 65.96%, with a lowest value of 

42.13±1.28 and a highest of 89.62±1.26%. Because of their hydrophilic nature, liquid as well as solid 

lipids provide for an ideal EE estimate for NLCs, allowing for higher drug loading and subsequent 

delivery to the target location [79]. In Figure 3, we can see that when the conc. of surfactant (B) and 

sonication duration (C) were raised, the entrapment efficacy of NLCs was reduced. A higher drug 

partition from the interior to the outside portion of the medium may occur when the outer layer has 

a high surfactant concentration. When medicine is more easily dissolved in water, more of it may 

diffuse and dissolve in the exterior phase of water, increasing the partition [80]. The rise in the 

sonication duration resulted in a decrease in entrapment efficiency, since a smaller particle size 

implies less efficient drug entrapment. The results are as follows, in line with previous research [81]. 

An elevated value of F of 88.31 indicates the relevance of a model. There is a pathetic 0.01% 

chance that a random event would result in an F-value this high. Whether or whether the significance 

level is below 0.0500 will determine how significant the model terms are. A Lack of a fit F-value of 

4.70 indicates that noise is the cause 8.46% of the time. The updated R2 value of 0.9800 closely matches 

the predicted R2 value of 0.8882 with a difference of 0.2 or less. The proportion of noise to signal is 
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obtained using Adeq Precision. The ratio should ideally be more than 4. With a percentage of 30.983, 

you have provided enough evidence. 

Entrapment Efficiency = +74.13 -4.34A +2.73B +14.40C +11.77AB -5.21AC +1.91BC -0.6285A2 -

9.01B2 -7.72C2 

3.1.7. Response 3 (R3): Effect of Independent Variables on PDI 

The model’s F-value of 9.30 demonstrates significance in statistics. The probability of an F-value 

this high being caused by noise is a pitiful 0.38%. The predictive keywords are deemed significant 

when the significance level is lower than 0.0500. The template includes significant words such as C, 

AB, BC, and B³. If the outcomes are greater than 0.1000, the predictive terms will not be deemed 

relevant. The chances of unpredictability explaining this big Lack of Fit F-value is 87.90%. The actual 

R² of 0.8237 and the expected R² of 0.7225 are extremely similar to each other, with a variance of 0.2 

or less. 

PDI = +0.2210 -0.0086A +0.0145B -0.0531C -0.0805AB +0.0312AC -0.0440BC -0.0176A2 +0.0741B2 

+0.0144C2 

To demonstrate how each of the variables independently affect the PDI, Figure 3 displays the 

three-dimensional responses plot. As the overall amount of lipids rose, it was observed that the PDI 

of the NTB-loaded NLCs decreased. From 0.126±0.09 to 0.412±0.06, the PDI values (R2) that were 

noted ranged. Despite the fact that both X2 and X3 had substantial impacts on the PDI (p<0.05), the 

most evident beneficial impact was B. In addition, every formulation had a PDI ≤ 0.5, indicating a 

very restricted and homogenous size dispersion [82]. Table 2 displays the PDI of the NLCs loaded 

with NTB. Reportedly, the PDI is a metric for the degree to which particles in nano systems aggregate. 

As a result, a PDI value approaching zero suggests that the system is likely to display monodispersed 

behavior (Figure 4). 

Additionally, a greater PDI value (>0.5) is indicative of system polydispersity. Compared to 

polydispersed systems, monodispersed systems are less likely to clump together. 

3.1.8. Response 4 (R4): Effect of Independent Variables on Zeta Potential 

An accurate measure of the system’s stability, the surface zeta potential (ZP) of particles 

determines the ultimate charges. The proven electric repulsion between the particles, as evidenced 

by ZP values of ±30 Mv, maintains the system’s stability [83]. According to the zeta potential, 

nanosuspension particles possess a surface charge that is negative. According to the ZP, 

nanosuspension particles possess a surface charge that is negative. The zeta potential is a crucial 

factor in predicting and evaluating the consistency of a dispersion of colloids, as shown in Table 2, 

the calculated ZP values for the synthetic blend ranged from -22.49±1.42 to -42.16±1.75 mV. Analyzing 

and forecasting a colloidal dispersion’s stability relies heavily on the zeta potential [94]. A strong 

negative charge, shown by a zeta potential distribution of -22.49±1.42 and -42.16±1.75 mV in NTB-

NLCs, suggests strong cellular absorption and exceptional stability, and also aids in the transport of 

NTB-NLCs to cancer cells that have a negative charge [84]. Zeta potential assessments often rely on 

the drug’s electrophoretic mobility in aqueous media. To a lesser extent, particles are able to float and 

aggregate in solutions with a greater zeta potential, perhaps as a result of electrostatic attraction 

(Figure 5). However, several tests have shown that a nanoparticle suspension’s stability is determined 

by both electrostatic repulsion and the employment of steric stabilizers during nanoparticle synthesis. 

Also, the amount of lecithin in the lipid matrix has no effect on the ZP of NLC while the concentration 

of the emulsifier in the water phase is constant [85]. 

Zeta Potential = -34.59 +1.87A +0.4875B -5.01C -2.38AB +3.13AC -1.88BC +0.2800A2 +3.24B2 

+1.60C2 

A high value of F (0.03%) can only be explained by sheer chance. A significance level of less than 

0.0500 indicates that the predicted terms are relevant. The terms A, C, AB, AC, BC, and B³ are 

important in this model. In the event that the values exceed 0.1000, the predicted parameters will not 

be considered significant. The coefficient of determination for Lack of Fit is 0.37, which indicates that 
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the lack of fit is not statistically significant in comparison to the basic error. A 78.26% F- value for 

Lack of Fit could indicate the result of random chance. There is a mismatch of not more than 0.2 

between the adjusted R2 of 0.9156 and the predicted R2 of 0.8275. 

3.2. Optimization 

The ideal formulation of NTB-loaded NLCs was chosen by maximizing entrapment efficiency 

and zeta potential while minimizing particle size [47]. An examination of practical searches and 

comprehensive grid searches, together with the “trading” of many response factors, led to the 

conclusion that a formulation containing 1% total lipid, 2.5% surfactant, and sonication would be 

optimal (15 minutes) met the requirements of an ideal formulation, here known as NLCs15. The NLCs 

15 formulation, which is optimized for NTB loading, has a PS of 135.26±3.86 nm, an EE of 89.62±1.26%, 

a PDI of 0.126±0.09, and a ZP of -42.16±1.75, respectively. In Figure 6, we can see the quantitative link 

between the dependent variables (responses) and the independent factors (perturbation and 

desirability) as well as the overlay of all independent variables. 

3.3. Characterization of Optimized NTB-Loaded NLCs Formulation 

3.3.1. Particle Size, Polydispersity Index (PDI) and Zeta Potential Measurement 

The optimized formulation of NLCs loaded with NTB had a PS of 135.26±3.86 nm and a PDI of 

0.126±0.09, (Figure 7). The optimized formulation of NLCs loaded with NTB had a ZP of -

42.16±1.75 mV, as shown in the figure. Particle stability in a dispersion medium is indicated by their 

zeta potential. Particles are less likely to aggregate when their zeta potential values are larger, 

indicating a stronger attraction between them. The improved stability and dispersion quality of NLCs 

loaded with optimized NTB were shown by a negative zeta potential value [86]. 

 

Figure 6. Perturbation, Desirability and overlay plot for interaction of dependent and independent variables. 
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Figure 7. Image showing particle size and particle size distribution, (B) zeta potential of optimized NTB-loaded 

NLCs formulation. 

3.3.2. Particle Size, Polydispersity Index (PDI) and Zeta Potential Measurement 

Entrapment efficiency is a crucial aspect of formulation creation since it is a key element in 

determining drug-release properties. An increase in entrapment efficiency indicates that, on average, 

medications dissolve better in water than in solid fats [47]. When liquids are added to solid lipids, 

the crystal lattice becomes less crystallin and more defective. The drug molecules are able to fit more 

snugly into the nanosuspension particles because of these flaws, leading to more efficient entrapment 

[87]. The medicine needs to be designed to dissolve well in oil melts in order to deliver adequate 

loading of drugs. Reducing the dispersion’s lipid content is essential for achieving a high entrapment 

efficiency using NLCs. More control over medication release and loading efficiency is possible due to 

the lipophilic components of liquid lipids’ higher solubility compared to solid lipids. A reduction in 

lipid quantity was associated with an increase in EE for NTB-NLCs. A minimizing the EE was seen 

when the tween 80 conc. was raised over 2.5%. The occurrence of lipid precipitation during particle 

generation might be the cause of this [88]. When the NLCs are cooled after formulation, the lipids 

recrystallize, leaving either a core with decreased drug content or no core at all. Consequently, EE 

suffers when lipid levels rise over a certain point. Furthermore, Tween-80 showed a significant 

impact. Increasing the concentration of Tween 80 resulted in a higher EE for the formulation. The 

dispersion of NLCs had an EE of 89.62±1.26%. 

3.3.3. Scanning Electron Microscopy 

The scanning electron microscopy examination of the NLCs formulation was made possible by 

images of the improved NTB loaded NLCs. Their form was found to be ovoid (Figure 8A). The 

findings of the size study corroborate those of the photon correlation spectroscopy report. 

 

Figure 8. SEM and TEM images of optimized NTB loaded NLCs. 
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3.3.4. Transmission Electron Microscopy (TEM) 

The optimized NTB-loaded NLCs formulation’s surface shape and average diameter were 

observed using TEM. The TEM pictures confirmed the zeta sizer particle size measurements and 

indicated that the optimized formulation of NLCs loaded with NTB exhibited a homogeneous size 

distribution and a surface that was virtually spherical (<200 nm). The findings show that the particles 

were spaced out and dispersed evenly. Figure 8B shows a TEM of the most effective formulation of 

NTB-loaded NLCs. 

3.3.5. Differential Scanning Calorimetry 

DSC was an elementary technique for studying the amorphous or crystallization state of drugs. 

Optimal NTB-NLCs, solid lipids, liquid lipids, surfactant, and NTB are shown in Figure 9 DSC curve. 

At about 288.24 °C, the thermogram of NTB shown a peak at the melting point. At 60.93 °C, the 

melting process peaked for the excipients. On the lipid and surfactant curve, all of the melting points 

were present and almost identical in value. Nevertheless, the optimized NTB-NLCs did not show the 

NTB melting peak in their thermograms. If the endothermic peak of NTB is absent in NTB-NLCs, 

then the drug has likely been molecularly disseminated throughout the matrix of lipids and has 

transformed from an amorphous to a crystalline state [89]. 

3.3.6. X-Ray Diffraction Studies 

XRD was used to examine the crystalline structure of lipid structures and drugs loaded and 

unloaded NLCs. Lipids with a highly crystalline structure produce reflections of sharp, high 

intensity, whereas those with an incomplete lattice of lipids on an amorphous backdrop produce 

reflections of low intensity. Lipids, such as precirol, often crystallize with several impurities, creating 

room for more drug molecules. Diffraction patterns of NTB, solid lipid, liquid lipid, surfactant, and 

optimized NTB-loaded NLCs are shown in Figure 10. In contrast to the crisp reflections of pure NTB 

and the high intensity reflections of NLCs, the optimized NTB-loaded NLCs displayed low intensity 

diffractograms compared to the placebo, indicating that the NLCs are amorphous [55]. 

 

Figure 9. DSC thermogram of NTB, Solid lipid, Liquid lipid, surfactant and optimized NTB-NLCs. 
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Figure 10. Powdered X-ray diffractogram of NTB, Solid lipid, Liquid lipid, surfactant and optimized NTB-

NLCs. 

3.4. In Vitro Drug Release Study 

Dialysis was the technique we employed during our in vitro release trial. Fitting the data gained 

from this experiment to different kinetic equations [90] allowed us to establish the mechanism of NTB 

release from a concurrent 12-hour dispersion of pure NTB and NTB-NLCs. Because of its poor water 

solubility and hydrophobicity, 2% sodium dodecyl sulphate was used as a solvent in the receptor 

compartment dialysis fluid [91]. Donor compartments in the control group were filled with dimethyl 

sulfoxide. The in vitro kinetics of the release of NTB from NLCs across the cellulose acetate membrane 

were found to be very consistent with the zero-order kinetic model (r2 = 0.963), according to this 

study. Over the course of 24 hours, Figure 11 displays the total percentage profiles of NTB delivered 

from the mixture of pure NTB and NTB-NLCs. This demonstrates that the NTB in the NTB-NLCs 

was released during the specified time period in a more progressive manner than in the control 

group, which exhibited a faster release of NTB. According to the data at the conclusion of the period 

of 24 hours, the nanosuspension may be a helpful carrier with excellent control over the release of 

NTB. 56.34 percent in total was made public. Ten hours after mixing, the pure drug dispersion had 

released 96.15 percent of its NTB. 

3.5. Pharmacokinetic Study 

The effects of oral administration of pure drug solution, optimized NTB loaded NLCs, and a 

commercial formulation on the plasma conc.-time profiles of NTB in Wistar rats are shown in Figure 

12 and Table 4. Cmax values 33.63 and 154.28 times higher, respectively, were recorded when rats were 

administered NTB-loaded NLCs as opposed to pure drug solutions and commercial formulations. In 

addition, to the commercially available formulation and the pure medication solution, the relative 

bioavailability of NTB after NLC therapy was 1.86- and 2.55-2.55-fold greater in Wistar rats, 

respectively. One possible explanation is because the optimized formulation’s nano size particles 

improved absorption. Tmax of 4.36 ± 0.25 hours was also seen in rats after they were treated with the 

NLCs formulation. The marketed formulation resulted in a Tmax of 6.02 ± 1.34 hours, whereas the pure 

drug solution showed a Tmax of 2.36 ± 1.75 hours. As far as anybody can tell, the NTB concentration 
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in the NLCs formulation peaked at its fastest. This might be because the medication was absorbed 

more quickly. 

 

Figure 11. In vitro release studies of optimized NTB-NLCs and Pure NTB suspension. 
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Figure 12. Plasma Concentration vs. Time Curves for NTB Solution, Marketed Formulation, and Optimized 

NTB-NLCs. 

Table 4. Pharmacokinetic Parameters of NTB Following Oral Administration of NTB Solution, Marketed 

Formulation, and Optimized NTB-NLCs. 

Pharmacokinetic 

Parameters 

NTB Solution Marketed 

Formulation 

Optimized NTB-

NLCs 

Intercept 2.912294378 3.007327094 3.396911 

Slope -0.013743333 -6.28321E-05 -0.00921 

Co 817.1360629 1017.014381 2494.083 

K 0.031650897 0.000144702 0.021217 

Dose 10 10 10 

  10000 10000 10000 

Vd 12.23786399 9.832702655 4.009489 

  0.012237864 0.009832703 0.004009 

t1/2 21.89511423 4789.139093 32.66182 

Cl 0.38733937 1.47164E-05 5.291805 

AUC-o-t 204.4090157 254.3785951 623.6459 

AUC 1-t 21159.4625 50685.48 81251.57 

AUC 1-inf 5189.426425 4121147.484 40641.58 

AUC total 26553.29794 4172087.343 122516.8 

Cmax 1206.35 1936.59 5901.81 

Tmax 4.36 6.02 2.36 

The results are expressed as mean ± standard deviation, n=3 of the obtained values. 

3.6. Cytotoxicity and Anti-Human Leukameia Cancer Potentials of NLCs Synthesized Using NTB 

The effectiveness of nanoparticles as anticancer agents against many kinds of tumor cells is 

influenced by their size, shape, and surface coating, which are structural characteristics. Among these 

factors, nanoparticle size is the most important one [92–96]. Previous research shown that 

nanoparticles’ capacity to bind to and kill cancer cell types improved as their size decreased. 

Nanoparticles produced by NTB have diameters ranging from 135 to 310 nm, as seen in the 

transmission electron micrograph of our research. Nanoparticles of a size of 100 nm or less play 

important roles in the elimination of tumor cell lines, according to related research. 

Prior research has validated the anticancer effects of drug-synthesized nanoparticles. At very 

high concentrations, the metallic nanoparticles in the earlier research destroyed all of the HeLa cells. 

The cytotoxicity features of treated cells with various doses of the current NTB. A, NTB loaded NLCs 

were tested for 48 hours using the MTT test and human acute leukaemia cell lines, according to recent 

study. The absorbance rate measurement at 570 nm demonstrated the exceptional vivacity of 

Cytarabine, and gold nanoparticles on the normal cell line (HUVEC), and this vigor continued even 

at doses of 1000 µg/mL. 

Each of the three types of leukaemia cell lines acute myeloid, acute lymphoblastic, and acute T 

cell had an IC50 value of 242, 297, 383, 207, 234, and 218 µg/mL, respectively. The IC50 values for 

NTB against the Human HL-60/vcr and 32D-FLT3-ITD cell lines, MOLT-3 and TALL-104 cell lines, 

and other cell lines were 117, 113, 145, 119, 131, and 135 µg/mL, respectively (Figure 13). 
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Figure 13. A. The cytoxicity effects of NTB solution and optimized NTB-NLCs against normal (HUVEC) cell line. 

B. The anti-leukemia activities of NTB solution and optimized NTB-NLCs against acute myeloid leukemia 

(Human H and 32D-FLT3-ITD (C)) cell line. 

 

Figure 14. The anti-acute leukemia activities of NTB solution and optimized NTB-NLCs against acute 

lymphoblastic leukemia (D. MOLT-3, E. TALL-104, F. J.RT3-T3.5 at clone E6-1 (G) cell lines. 

4. Discussion 

The current research was able to improve the solubility, oral bioavailability, and anticancer 

activity of Nilotinib (NTB), a BCS class II tyrosine kinase inhibitor that has low water solubility and 

poor absorption in the gastrointestinal tract, by creating and optimizing nanostructured lipid carriers 

(NLCs). The formulation parameters of NTB-NLCs were methodically optimized using a Box-

Behnken design in order to achieve the desired physicochemical properties. These included a small 

particle size (135.26 ± 3.86 nm), a narrow PDI (0.126 ± 0.09), a high entrapment efficiency (89.62 ± 

1.26%), and an acceptable zeta potential (−42.16 ± 1.75 mV). These characteristics point to a stable 

formulation that is well-suited for improved cellular absorption. 

Results from solubility screenings clearly supported the selection of Tween-80 and Miglyol 812 

N as excipients, with NTB demonstrating the maximum solubility. This supports earlier findings that 

lipidic system solubility greatly affects entrapment efficiency and release behavior of weakly watery 

medicines. In addition, the ideal miscibility of the solid lipid (glyceryl monostearate) and liquid lipid 

(Miglyol 812 N) was discovered, allowing for the formation of an imperfect crystal matrix that may 

accommodate greater drug payloads—a natural benefit of NLCs over conventional SLNs. 

In contrast to the quick release (96.15 percent at 24 hours) shown with pure NTB dispersion, the 

in vitro release profile of NTB-NLCs showed a continuous release pattern over 48 hours. A diffusion-

controlled release mechanism was suggested by the release kinetics, which were in line with zero-
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order behavior. With sustained release, plasma concentration can be maintained for longer and dose 

frequency can be reduced in clinical settings. 

The pharmacokinetic investigation provided additional evidence that the optimized NLCs had 

better oral performance. NTB-NLCs shown much improved absorption compared to the commercial 

formulation and pure drug solution, with Cmax (5901.81 ng/mL), AUC0-t (623.65 h·ng/mL), and AUC 

total (122,516.8 h·ng/mL) being substantially greater. Increased systemic availability and decreased 

distribution variability are suggested by the decreased volume of distribution and shorter elimination 

half-life in NTB-NLCs. Nanosized lipid carriers have the potential to enhance lymphatic transport, 

evade first-pass metabolism, and prolong the residence duration of drugs in the systemic circulation, 

according to these results. 

Cell lines from acute myeloid leukaemia (AML), acute lymphoblastic leukaemia (ALL), and 

acute T-cell leukaemia (TCL) shrank in viability as a function of dose, according to cytotoxicity 

investigations. Aside from Cytarabine’s better IC50 values, NTB-NLCs outperformed free NTB in 

terms of activity, demonstrating how nanocarriers could improve intracellular accumulation. It is 

possible that the enhanced cellular uptake caused by the nanoscale size range (135-310 nm) seen in 

TEM images enhances therapeutic efficacy, as suggested by the IC50 shift. Previous research has 

shown that lipid nanoparticles have better anticancer performance because of their higher 

permeability, retention, and intracellular trafficking. These findings are consistent with that. 

Notably, normal HUVEC cells showed no morphological evidence of toxicity to NTB-NLCs even 

at high concentrations, suggesting that the lipid matrix is biocompatible. The safety profile of lipid-

based carriers is well-documented; thus, this seems sense. 

Poor solubility, low bioavailability, and inefficient cellular uptake were all factors that the 

formulation technique attempted to address in NTB. In haematological cancers, where effective 

intracellular accumulation and prolonged drug availability are crucial, the data show that NLCs offer 

a potential platform for oral delivery of tyrosine kinase inhibitors. 

5. Conclusions 

In order to prepare Nilotinib-loaded NLC, the “ultrasonication method” was used, and the BBD 

was used for optimization. The next step was to optimize the formulation parameters statistically. Of 

all the formulations tested, the optimized NTB-loaded NLCs (F15) had the following average values: 

135.26±3.86 nm for particle size, 0.126±0.09 for zeta potential, 89.62±1.26% for content uniformity, and 

-42.16±1.75 mV of drug release in vitro. Efficacy was shown by in vitro, pharmacokinetic, and cell line 

evaluations of the optimized NTB-loaded NLCs formulation. Particles with a perfectly round form 

were seen via transmission electron microscopy. In contrast to the placebo group’s experimental 

condition, the optimized NLCs formulation had a greater in vitro drug release. With a pure 

zerumbone dispersion, the in vitro drug release of nilotinib was 96.15% over 24 hours, but with NTB-

NLCs, it was 56.34%. This data was obtained by using a zero equation. Acute myeloid leukaemia and 

leukaemia cells in a recent oncology study. Acute myeloid leukaemia, acute lymphoblastic 

leukaemia, and acute T cell leukaemia were each treated with NTB at IC50 values of 251, 302, 398, 

218, 248, and 225 µg/mL, respectively. Acute myeloid leukaemia, acute lymphoblastic leukaemia, and 

acute T cell leukaemia were the cell lines against which Cytarabine had IC50 values of 124, 118, 146, 

125, 139, and 135 µg/mL, respectively. When exposed to NLCs and NTB, the malignant leukaemia 

cell line’s vitality decreased in a dose-dependent manner. 
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