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1. INTRODUCTION 

The most prevalent cancer and the leading cause of cancer-related death among women globally is 

breast cancer. There were 685 000 deaths and 2.3 million new cases of breast cancer in women 

worldwide in 2020 [1]. Breast cancer is the most common cancer in the world, affecting 7.8 million 

women who were diagnosed with breast cancer in past 5 years and are alive as of the end of 2020, 

making it the world’s most widespread cancer as per World Health Organization (WHO).In 2040, it 

is anticipated that breast cancer will account for over 3 million new cases and 1 million fatalities [2]. 

Breast cancer survival rates vary greatly around the globe, with high-income nations having an 

estimated 5-year survival rate of 80% and low-income nations having a survival rate of about 40%. 

The incidence of breast cancer has increased by more than 20% globally since 2008. The mortality 

rate has risen by 14% [3, 4]. 

 

Increased incidence of cancer in recent years and its impact on different physical, mental, and social 

dimensions of human life have turned it to a major problem of the century. The incidence of this 

disease in developed countries varies from 1 to 2 percent, with almost 5% yearly increase in less 

developed countries [5, 6]. According to estimates, more than 7 million people globally die from 

cancer. Meanwhile, breast cancer is the most prevalent type of malignant neoplasms among women 

with more than one million new cases per year [7, 8]. 

 

Effective drug delivery has been a major contributor to the improvement of cancer treatment. 

Ineffective drug delivery has resulted in inadequate tumour response, severe adverse effects, and the 

emergence of infamous cancer drug resistance. Due to the fact that anticancer drugs are typically 

toxic to healthy proliferating cells, dosage must be restricted to avoid potentially fatal adverse 

effects. Such factors as limited systemic circulation lifetime, undesirable biodistribution, non-

specific cellular uptake, and inadequate tumour vascularisation can further reduce the therapeutic 

efficacy of such a low drug dose. Consequently, each course of chemotherapy has typically resulted 

in partial treatment, which has led to a selective pressure that favours mutations and drug resistance 

among the surviving cancer cells. Drugs with a favourable initial response are frequently rendered 

ineffective after repeated administrations, making the treatment of recurrent tumours more 

challenging [8-10]. 

 

The rise of chemotherapeutic drug resistance has been linked to the emergence of mutations. 

Compromised apoptotic signalling, enhanced damage repair mechanisms, increased drug 

metabolism, altered drug targets, and up-regulation of drug efflux pumps are among the identified 
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mutation types. Therefore, an effective method for enhancing the treatment of cancer cells would 

involve activating multiple pathways to prevent tumour cells from acquiring mutations. In addition, 

the majority of malignancies have been linked to multiple genetic alterations or abnormalities that 

result in tumour heterogeneity [11-13]. 

 

Utilizing a singular chemotherapeutic agent to treat cancer has resulted in the development of drug 

resistance, which has been a significant barrier to the success of cancer therapy [12]. In order to 

decrease the development of drug-resistance phenotypes, an efficient method for enhancing 

therapeutic efficacy would be to employ treatment strategies with agents that act via multiple 

mechanisms. Multiple agent delivery via efficient nanocarrier platforms would be a promising 

strategy for overcoming all of the aforementioned obstacles [14]. Taxanes (Paclitaxel) and alkylating 

agents (Cyclophosphamide) are the first line of treatment in metastatic breast cancer [15, 16]. 

 

Paclitaxel and Cyclophosphamide is a widely used combination for treatment of Metastatic breast 

cancer. [17, 18] Paclitaxel is hydrophobic in nature and consists of Cremophor EL and Ethanol in the 

marketed formulation. A high level of Cremophor EL is associated with severe anaphylactic 

hypersensitivity reactions, hyperlipidaemia, abnormal lipoprotein patterns, aggregation of 

erythrocytes and peripheral neuropathy [17, 18, 20]. Cyclophosphamide has aqueous solubility but 

undergoes spontaneous hydrolysis when comes in contact with water [18, 19]. Basic or alkaline 

degradation and hydrolytic degradation is common problem for both the active ingredients. 

Nanostructured lipid carriers (NLCs) and Microemulsion with these drug combinations will lead to 

effective targeted therapy and reduced risk of resistance which is common in monotherapy 

[13].Therefore, the proposed combination is incorporated in Nanostructured Lipid Carriers (NLC) 

and Microemulsion considering the various advantages. 

 

Nanostructured Lipid Carriers are second generation of lipid-based nanocarriers formed from 

mixture of solid and liquid lipids and have unstructured-matrix due to the different moieties of the 

constituents of NLCs. NLCs are composed of biocompatible solid lipid matrices and liquid lipid 

which have different chemical structure from the solid lipid. Besides, NLCs have the usual particle 

diameter ranging 10–1000nm.Nanostructured lipid carriers (NLC) are composed of solid lipid matrix 

which are incorporated with liquid lipids. The presence of liquid lipids with different fatty acid C-

chains produces NLC with less organized crystalline structure and therefore provides better loading 

capacity for drug accommodation. Liquid lipids are better solubilizers of drugs than solid lipids. 
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These carriers are composed of physiological and biodegradable lipids exhibiting low systemic 

toxicity and low cytotoxicity [21-23]. 

 

NLCs were selected as carriers for the parenteral delivery of chemotherapeutic drugs because NLCs 

are an advanced and efficient carrier system in particular for lipophilic substances with various 

advantages of better physical stability, ease of preparation and scale-up, increased dispersability in 

an aqueous medium, high entrapment of lipophilic drugs, controlled particle size, extended release of 

the drug, improve benefit/risk ratio, limited side effects, longer drug circulation time, lower 

cytotoxicity, improving drug bioavailability, enhancing drug permeability and retention in tumour 

tissues. These nanocarriers possess the utility in delivery of hydrophilic as well as lipophilic drugs. 

NLCs have emerged as a promising carrier system for the delivery of pharmaceuticals via oral, 

parenteral, ocular, pulmonary, topical, and transdermal route [21, 24, 25]. 

 

Microemulsions are isotropic, thermodynamically stable transparent (or translucent) systems of oil, 

water, and surfactant,frequently in combination with a cosurfactant with a droplet size usually in the 

range of 20-200 nm [26, 27]. These homogeneous systems, which can be prepared over a wide range 

of surfactant concentration and oil to water ratio, are all fluids of low viscosity. Microemulsions as 

drug delivery tool show favourable properties like thermodynamic stability (long shelf-life),easy 

formation (zero interfacial tension and almost spontaneous formation), optical isotropy, ability to be 

sterilized by filtration, high surface area (high solubilisation capacity) and very small droplet size 

[28-30]. 

 

The formulation of lipophilic and hydrophobic drugs into parenteral dosage forms has proven to be 

difficult. O/W Microemulsions are beneficial in the parenteral delivery of sparingly soluble drugs 

where the administration of suspension is not desirable. They provide a means of obtaining relatively 

high concentration of these drugs which usually requires frequent administration. Other advantages 

are that they exhibit a higher physical stability in plasma than liposomes or other vesicles and the 

internal oil phase is more resistant against drug leaching [26, 27]. 
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2. AIM 

 

The present research focuses on the development of nanostructured lipid carriers and microemulsion 

for the simultaneous delivery of Paclitaxel and Cyclophosphamide for the treatment of Breast 

Cancer. Thus, development of Paclitaxel-Cyclophosphamide dual drug NLCs and microemulsion 

may provide a new attractive treatment option with following advantages: (i) Enhanced efficacy (ii) 

Improved target selectivity (iii) Superior solubility (iv) Improved stability. 

 

3. OBJECTIVES 

 

The objectives of present work were: 

 To formulate novel nanocarriers (NLCs and Microemulsion) for delivery of selected anti-

cancer drugs. 

 To optimize composition and process parameters of the nanocarriers formulation and to 

characterize the physico-chemical properties. 

 To carry out in vitro studies and in vivo studies of drug loaded nanocarriers.   

 To assess the stability of drug loaded nanocarriers. 

 

4. PLAN OF WORK 

 

a) Literature review 

b) Procurement of excipients and therapeutic moieties 

c) Preformulation studies 

d) Formulation, optimization and characterization of drug-loaded carriers 

e) In-vitro and In-vivo evaluation of nano-carriers 

f) Stability studies of formulated nano-carriers 
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5. GENERAL METHODS & ANALYTICAL TECHNIQUES 

 

5.1. Description 

NLC and Microemulsion sample was observed in white light at visual inspection booth against black 

and white background [31]. 

 

5.2. Melting Point determination 

Melting point of Paclitaxel and Cyclophosphamide was determined by capillary glass method [32]. 

 

5.3. FTIR Spectroscopy 

IR-spectrum of drug was measured in the solid state by preparing a Potassium Bromide (KBr) pellet. 

The pure drug was previously ground individually and mixed thoroughly with KBr separately, an 

infrared transparent matrix at 1:100 (sample KBr) ratio. The pellets were then scanned over a 

wavelength range of 4000-400 cm-1 and a spectrum was obtained by using a FTIR spectrometer-430 

(Shimadzu, Japan) [33]. 

 

5.4. Determination of Wavelength Maxima 

Fixed amount of API was dissolved in methanol and UV scan of solution was executed against the 

methanol as blank in UV visible spectrophotometer in between the wavelengths of 200 to 400nm 

[34]. 

 

5.5. Particle size distribution 

Malvern Zetasizer (Nano ZS) was used to determine the particle size distribution of NLCs at 25°C 

with equilibrium time of 60 seconds. [35-38] 

 

5.6. Globule size distribution 

Malvern Zetasizer (Nano ZS) was used to determine the globule size distribution of microemulsion 

at 25°C with equilibrium time of 60 seconds. [35-38] 

 

5.7. HPLC Method for quantification of Paclitaxel 

Aliquots were taken from working standard solution of Paclitaxel and diluted up to 10mL with 

methanol to give a final concentration of 0.1µg/mL, 0.5µg/mL, 1.0µg/mL, 10.0µg/mL, 20.0µg/mL, 

50.0µg/mL, and 100.0µg/mL. 100 μL of each sample was injected in sampler loop of HPLC for each 

concentration, and chromatogram was taken under the condition mentioned in Table 1. The 
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calibration graph was constructed by plotting peak area against concentration of Paclitaxel and the 

regression equation was calculated [39].  

 

Table 1: HPLC Parameters for Paclitaxel 

Sr. No. Parameter Value 

1 HPLC  Shimadzu, Prominence-I LC-2030 plus 

2 Column 250 mm  4.6 mm  5 μm  

3 Wavelength 227nm 

4 Flow rate 1.5mL/minute 

5 Run time 15 minutes 

6 Injection volume 100µL 

7 Mobile Phase Water: Acetonitrile (11:9) 

 

A calibration plot in the range of 0.1µg/mL to 100.0µg/mL was obtained. It was observed that the 

correlation coefficient for the system was >0.95, suggesting a linear relationship between peak area 

and concentration of Paclitaxel. The retention period was in between 9.5 and 10.5 minutes. The 

method was adopted from the monograph of Paclitaxel Injection given in USP 43 NF 38. 

 

5.8. HPLC Method for quantification of Cyclophosphamide 

Aliquots were taken from working standard solution of Cyclophosphamide and diluted up to 10mL 

with methanol to give a final concentration of 0.5µg/mL, 1.0µg/mL, 2.5µg/mL, 5.0µg/mL, 

10.0µg/mL, 20.0µg/mL, 50.0µg/mL, and 100.0µg/mL. 100 μL of each sample was injected in 

sampler loop of HPLC for each concentration, and chromatogram was taken under the condition 

mentioned in Table 2. The calibration graph was constructed by plotting peak area against 

concentration of Cyclophosphamide and the regression equation was calculated [40].  

 

Table 2: HPLC Parameters for Cyclophosphamide 

Sr. No. Parameter Value 

1 HPLC  Shimadzu, Prominence-I LC-2030 plus 

2 Column 250 mm  4.6 mm  5 μm  

3 Wavelength 195nm 

4 Flow rate 1.5mL/minute 

5 Run time 15 minutes 

6 Injection volume 100µL 

7 Mobile Phase Water: Acetonitrile (30:70) 
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A Cyclophosphamide calibration plot in the range of 0.5ppm to 100.0ppm was obtained. It was 

observed that the correlation coefficient for the system was > 0.95, suggesting the presence of a 

linear relationship between peak area and concentration of Cyclophosphamide. The retention period 

was in between 6.0 and 7.0 minutes. 

 

5.9. % Entrapment efficiency 

The desired amount of nanostructured lipid carriers/ microemulsion was diluted with 1.5mL of 

phosphate buffer solution (PBS) with pH 7.4 containing 2 % Tween 80. They were then vortexed for 

5 minutes to dissolve the free drug. The dispersion was centrifuged for 30 min at 15 000 rpm 

(Centrifuge model 2-16P, Sigma, Germany). The supernatant samples were suitably diluted and the 

amount of the free drug in the dispersion medium was estimated by HPLC. The entrapment 

efficiency was calculated using following equation: 

 

% Entrapment efficiency= 
Wtotal-Wfree

Wtotal

×100 

 

Here, the Wtotal is the weight of total drug added and Wfree is the free drug. [41, 42] 

 

5.10. % Filterability 

% filterability test is to monitor flow decay and gradual pore plugging caused by the product and to 

determine the maximum volume of product that can be filtered through a 0.2µ filter. Fixed volume of 

NLCs/ microemulsion was filtered through 0.2µm PES filter and the % volume filtered was 

recorded. [43] 

 

5.11. Morphology by Transmission Electron Microscopy 

The shape of the optimized NLCs and Microemulsion was examined by JEM-2100 TEM at 

Sophisticated Analytical Instrument Facility, North Eastern Hill University, Shillong. One drop of 

each sample was applied to a carbon film covered copper grid (200-mesh). Five minutes later, a filter 

paper placed at the edge of the copper grid was used to remove any excess liquid present. Samples 

were air-dried in room temperature and then examined at 200 kV power. [45] 

 

5.12. Viscosity 

Viscosity of Microemulsion was measured using Anton Paar Rheometer, Model: MCR 102 in 

rotational mode with spindle plate of Parallel plate (PP50), rotational speed of 50 RPM and gap of 
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0.1mm. 0.5 to 1.0mL of Microemulsion sample was placed on cleaned and dry plate of Rheometer, 

spindle was lowered down and excess sample was trimmed down and measurement was started. [46] 

 

5.13. Zeta Potential 

Malvern Zetasizer (Nano ZS) was used to determine the particle zeta potential of Paclitaxel NLCs at 

25°C with equilibrium time of 60 seconds. Purified water was used as medium for dispersion. [35-

38] 

 

5.14. Dilution test 

The dilution test was performed for formulated microemulsion to confirm the stability of 

microemulsion upon dilution and type of microemulsion. Microemulsion was diluted with water at 

1:10, 1: 100, and 1: 250 ratios. Clarity of solution upon dilution was evaluated. If water was easily 

dispersed in the continuous phase, the microemulsion was defined as oil-in-water microemulsion and 

if microemulsion becomes turbid upon dilution, it was defined as bicontinuous. [46, 47] 

 

5.15. Redispersibility of NLCs 

To evaluate the Redispersibility of lyophilized NLCs, fixed volume of water for injection was added 

to lyophilized NLCs and further shaken vigorously to redisperse the lyophilized NLCs. 

Redispersibility was evaluated in Sterile Water for Injection and phosphate buffer pH 7.4. [48] 

 

5.16. Differential Scanning Calorimetry 

Paclitaxel, Cyclophosphamide, Physical mixture of Paclitaxel and Cyclophosphamide and 

Lyophilized NLCs were weighed directly into DSC aluminium pan and scanned in the temperature 

range of 25–300 °C under an atmosphere of dry nitrogen. Heating rate of 10°C/min was used and 

thermograms obtained were observed. [49-51] 

 

5.17. In-Vitro release studies 

The in vitro release of Paclitaxel & Cyclophosphamide loaded nanocarriers was evaluated by the 

dialysis method. The dialysis membrane was soaked for 24 hours before the experiment in the 

release medium (phosphate buffer, pH 7.4, and containing Tween-80). Accurately measured 

nanocarriers were placed in the dialysis membrane, which was thoroughly tied to prevent leakage of 

the drug. The dialysis membrane was put in a beaker containing fixed volume of the release medium 

under continuous stirring at 200 RPM and the temperature of release medium was maintained as 

37.5±2.0°C. At predetermined time intervals, a fixed volume of release medium samples were 
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withdrawn and replaced by the same volume of fresh release media. The samples were analyzed 

immediately using HPLC method for quantification of Paclitaxel and Cyclophosphamide. [52, 53] 

 

5.18. Sterility 

Membrane Filtration Method was used to determine the sterility of optimized NLCs and 

Microemulsion as it is a regulatory method of choice for filterable pharmaceutical products. The 

microemulsion/ reconstituted NLCs were passed through the membrane filter of pore size 0.45µm 

under aseptic conditions. Once the filtration is complete, filter was added to the culture media and 

kept for 14 days incubation. Two types of growth media i.e. Fluid Thioglycolate Medium (FTM) and 

Soybean casein digest medium (SCDM) were used in tests. Sterile water for injection was used as 

negative controlled whereas growth media exposed to atmospheric conditions was used as positive 

control. 
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6. DETERMINATION OF SYNERGISM 

Paclitaxel and Cyclophosphamide are widely used for treatment of Metastatic breast cancer. 

However no literature exists which proves the synergism between Paclitaxel and Cyclophosphamide. 

Therefore, there arises a need to confirm the synergism between the two drugs.Literature review 

suggests that200mg/m
2
dose of Paclitaxel and 1750mg/m

2
dose of Cyclophosphamide is suitable for 

the treatment of breast cancer. Therefore, ratio of Paclitaxel to Cyclophosphamide as1: 8.75 was 

considered for the determination synergism [57]. 

 

The Response Additivity approach was adapted for the determination of synergism between 

Paclitaxel and Cyclophosphamide. The MTT assay was performed for Paclitaxel, Cyclophosphamide 

alone and Paclitaxel + Cyclophosphamide combination (1: 8.75) on MCF-7 cell line to determine the 

% viability and IC50 for all the three components. Based on the results obtained, the Response 

Additivity graph of Paclitaxel and Cyclophosphamide alone versus Paclitaxel and 

Cyclophosphamide combination was derived and is presented in Figure 1. The presented graph 

clearly depicts that Paclitaxel and Cyclophosphamide combination exhibits synergism and therefore 

the combination is suitable for being loaded in the novel carriers [58-60]. 

 

 

Figure 1: Response Additivity graph of Paclitaxel and Cyclophosphamide alone versus 

Paclitaxel and Cyclophosphamide combination (1: 8.75) 
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7. PREFORMULATION STUDIES 

7.1. Authentication of Paclitaxel 

Authentication of Paclitaxel was done by Melting Point determination, FTIR and by determining 

maximum wavelength by UV visible spectrophotometer.  

 

7.1.1. Melting Point Determination of Paclitaxel 

The melting point of Paclitaxel was found as 215-217°C with decomposition which is in the reported 

range of 213-220°C with decomposition. 

 

7.1.2. FTIR Spectroscopy of Paclitaxel 

The FTIR scan of Paclitaxel API was found to match with the IR scan of reference standard with 

reference peaks identical with the Paclitaxel standard. The FTIR spectrum of Paclitaxel API is 

presented in Figure 2. 

 
Figure 2: FTIR Spectrum of Paclitaxel 

 

7.1.3. Determination of wavelength maxima of Paclitaxel 

The wavelength maximum of Paclitaxel was obtained as 227nm which is in line with the reported 

value. 

 

7.2. Authentication of Cyclophosphamide 

Authentication of Cyclophosphamide was done by Melting Point determination, FTIR and by 

determining maximum wavelength by UV visible spectrophotometer.  
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7.2.1. Melting Point Determination 

The melting point of Cyclophosphamide was found as 45°C which is in the reported range of 43-

45°C with decomposition. 

 

7.2.2. FTIR Spectroscopy of Cyclophosphamide 

The FTIR scan of Cyclophosphamide API was found to match with the IR scan of reference standard 

with reference peaks identical with the Cyclophosphamide standard. The FTIR spectrum of 

Cyclophosphamide API is presented in Figure 3. 

 

 
Figure 3: FTIR Spectrum of Cyclophosphamide 

 

7.2.3. Determination of wavelength maxima of Cyclophosphamide 

The wavelength maximum of Cyclophosphamide was obtained as 218nm which is in line with the 

reported value. 

 

7.3. Screening of Solid Lipids 

In a 10 ml clear glass vial 2.0 g solid lipid was taken and melted at temperature 10 °C above its 

melting point on a hot plate cum magnetic stirrer. To this melted lipid, drug was added in small 

increments (5 mg) with constant stirring using a magnetic bead. After addition of each increment of 

drug, the mixture was stirred for 15 minutes to allow complete solubilisation of drug and 

equilibration. Loss of transparency indicated saturation solubility of drug in the lipid.[61-65] 
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Results &Discussion: The solubility of Paclitaxel was tested in various solid lipids and Paclitaxel 

was found to have highest solubility in Stearic acid and PEG-100 Stearate. Further the solubility of 

Cyclophosphamide was evaluated in Stearic acid and PEG-100 Stearate. Cyclophosphamide was 

found to have higher solubility in PEG-100 Stearate and therefore, PEG-100 Stearate was selected as 

solid lipid for the preparation of nanostructured lipid carriers. 

 

7.4. Screening of Liquid Lipids/ Oils 

2 ml of liquid lipid was taken in a clear glass vial and heated to 60°C. To this drug was added in 

small increments (5 mg). This was then subjected to stirring to ensure thorough mixing of drug in the 

liquid lipid. Loss of transparency indicated saturation solubility of drug in the lipid. The precipitation 

of drug indicated liquid lipid is not compatible with drug.[61-65] 

 

Results & Discussion: The solubility of Paclitaxel was tested in various liquid lipids/ oils and 

Paclitaxel was found to have highest solubility in PEG-8 Caprylic/Capric Glycerides. As Paclitaxel 

was found to have highest solubility in PEG-8 Caprylic/Capric Glycerides,same liquid lipids/ oils 

were further evaluated to check the solubility of Cyclophosphamide. Cyclophosphamide was also 

found to have very good solubility in clove oil and PEG-8 Caprylic/Capric Glycerides. PEG-8 

Caprylic/Capric Glycerides was selected as liquid lipid for the manufacturing of nanostructured lipid 

carriers and microemulsion. 

 

7.5. Screening of Co-surfactants 

2 ml of co-surfactant was taken in a clear glass vial and heated to 60°C. To this, drug was added in 

small increments (5 mg). This was then subjected to stirring to ensure thorough mixing of drug in the 

co-surfactant. Loss of transparency indicated saturation solubility of drug in the co-surfactant. The 

precipitation of drug indicated co-surfactant is not compatible with drug.[61-65] 

 

Results & Discussion: Paclitaxel was found to have highest solubility in Propylene Glycol and 

PEG-400. Hence, same co-surfactants were further evaluated to check the solubility of 

Cyclophosphamide. Cyclophosphamide was also found to have very good solubility in Propylene 

Glycol and PEG-400. 

 

7.6. Solid Lipid-Liquid Lipid Compatibility Studies 

Solid Lipid-Liquid Lipid compatibility was evaluated by solidification test. 1.0 g of solid lipid and 

1.0 g of liquid lipid was taken in clear glass vial and heated at temperature 10°C above the melting 
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point of solid lipid on a hot plate cum magnetic stirrer and mixed using magnetic bead. After 

sufficient mixing, the magnetic bead was removed and the solid lipid-liquid lipid mixture was 

allowed to cool to room temperature (25±5°C). After cooling, mixture was observed for any droplets 

of oil on the surface as well as a small piece of mixture was smeared on a filter paper and observed 

for any oil spots on the filter paper. Similarly solidification test was performed for the mixture of 1.0 

g of solid lipid and 3.0 g of liquid lipid. [61] 

 

Results & Discussion: PEG-100 Stearate and clove oil mixture was found to be compatible at 1:1 

ratio with no droplets on surface as well as the filter paper.However, the compatibility was not 

established at ratio of 1:3 where droplets of olive oil were observed on the surface of solidified 

mixture as well as on the filter paper.PEG-100 Stearate and PEG-8 Caprylic/Capric Glycerides 

mixtures were observed to be compatible with each other at 1:1 as well as1:3 ratio with no droplets 

on the surface of solidified mixture and as well as on the filter paper. Hence, mixture of PEG-100 

Stearate and PEG-8 Caprylic/Capric Glycerides was selected for formulation of nanostructured lipid 

carriers. 

 

7.7. Selection of co-solvent 

Acetone is well accepted solvent due to its lower boiling point (56°C) leading to faster evaporation 

during compounding for NLCs and Microemulsion. Paclitaxel and Cyclophosphamide have very 

good solubility in acetone making it a preferred co-solvent for the formulation of NLCs and 

microemulsion. [66, 67] 

 

7.8. Drug Excipient Compatibility Studies 

Isothermal stress testing method was used to assess the compatibility of drug-drug/drug-excipient. 

Briefly, a fixed amount of pure drugs and excipients were weighed separately and in combination. 

Individual drugs and drug-drug/drug-excipient combinations were transferred in to an appropriately 

labelled glass vial. Each vial was sealed properly and placed in stability chamber at 

40±2°C/75±5%RH for 4 weeks. To identify the physical instability, organoleptic parameters of 

samples such as colour and texture were observed initially and at the end of 4
th

 week. To identify the 

chemical instability, samples were divided into two parts at the end of 4
th

 week. First part of samples 

was used to record the Fourier-Transform Infrared (FT-IR) spectrum using FT-IR Spectrometer. 

Disappearance of absorption bands or reduction of the band intensity combined with the appearance 

of new bands give a clear evidence for interactions. The second part of samples were separately 

mixed with fixed quantity of methanol and sonicated for 5 minutes followed by filtration through 
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0.22 µm membrane and analysed using the developed High Performance Liquid Chromatography 

(HPLC) methods. [68, 69] 

 

Results & Discussion: All the mixtures were found to be physically stable with no change in their 

description. Similarly, FTIR scan of drug alone versus the drug-excipient mixtures showed no 

change in the spectral peaks. The assay of drug alone versus the drug-excipient mixtures was found 

to be within the range of 98.0 to 102.0% as analyzed by HPLC. Thus it was concluded that all the 

selected excipients were compatible with Paclitaxel and Cyclophosphamide. 
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8. FORMULATION DEVELOPMENT, OPTIMIZATION, & EVALUATION 

 

8.1. NANOSTRUCTURED LIPID CARRIERS 

8.1.1. Selection of Method for NLCs manufacturing 

Lipid phase and aqueous phase were prepared separately at optimized elevated temperature, Lipids 

and API were dissolved in solvent at elevated temperature, and further aqueous phase was added to 

lipid phase at elevated temperature under continuous stirring to evaporate the solvent and further 

cooled at 5 ± 3°C under continuous stirring to form NLCs [70-72]. 

 

As a part of formulation development studies, process parameters and formulation parameters were 

optimized using Monothetic analysis technique. 

 

8.1.2. Optimization of Formulation Parameters 

[A] Selection of Surfactants 

Various surfactants which can be used for i.v. route viz. Polysorbate 20, Polysorbate 80, Poloxamer 

188, Soluplus, and Cremophor EL were tried for preparation of NLCs as per Table 3. 

 

Table 3: Surfactants, type, HLB value, and maximum allowable concentration 

Sr. No. Surfactant Type of Surfactant 
HLB 

Value 

Maximum allowable 

Concentration 

1 Polysorbate 20 Hydrophilic 16.7 1.00 % 

2 Polysorbate 80 Hydrophilic 15 69.33 % 

3 Poloxamer 188 Hydrophilic 29 2.0 % 

4 Soluplus Amphiphilic 14 75.0 % 

5 Cremophor ELP Amphiphilic 13 65.0 % 

 

Results and Conclusion: The results of impact of surfactants are presented in Table 4. 
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Table 4: Results of optimization of surfactant concentration 

Sr. 

No. 

Surfactant Concentration (%) 
Z-Average 

(nm) 
PDI 

% Entrapment efficiency 
% 

Filterability Polysorbate 

20 

Polysorbate 

80 

Poloxamer 

188 
Soluplus 

Cremophor 

ELP 
PAC CYC 

1 1  427.5 ± 66.1 0.400 ± 0.020 76.5 ± 1.2 60.0 ± 2.1 70.0 ± 5.0 

2  1  509.7 ± 19.4 0.511 ± 0.082 72.4 ± 2.0 63.1 ± 1.5 65.0 ± 3.0 

3  1  468.1 ± 25.7 0.445 ± 0.036 49.2 ± 0.6 65.5 ± 0.9 50.0 ± 6.0 

4  1  177.7 ± 36.2 0.187 ± 0.010 97.0 ± 0.2 97.5 ± 0.3 95.0 ± 4.0 

5  1 250.6 ± 11.8 0.200 ± 0.015 95.5 ± 0.3 95.4 ± 0.4 95.0 ± 3.0 

6 

 

1 1 158.2 ± 10.1 0.116 ± 0.010 98.9 ± 0.2 96.5 ± 0.3 100.0 ± 0.0 

7 1 2 142.7 ± 14.5 0.123 ± 0.010 99.0 ± 0.5 99.6 ± 0.3 100.0 ± 0.0 

8 1 4 120.2 ± 4.2 0.138 ± 0.009  100.1 ± 0.7  99.7 ± 0.7  100.0 ± 0.0 

 

Conclusion: Polysorbate 20 has the lowest maximum allowable concentration of 1% and therefore experiments to manufacture NLCs for the 

selection of surfactants were performed with 1.0 % concentration for all the surfactants. Based on the experiments conducted using single 

surfactant, NLCs manufactured using Soluplus as surfactant was observed to have lowest Z-average, highest % entrapment efficiency, and % 

filterability followed by NLCs manufactured using Cremophor ELP. Soluplus turns sticky when added in lipid phase; it turns sticky whereas it 

has a good solubility in aqueous medium. Cremophor ELP is in liquid state and enhances the solubility of Paclitaxel and Cyclophosphamide in 

lipid phase. Both surfactants are amphiphilic in nature with HLB value 13 and 14 which is ideal for the production of stable lipid based 

formulations. Therefore Soluplus and Cremophor ELP were used in combination for the development of NLCs. 
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[B] Total Lipid Concentration 

Effect of total lipid content on Particle Size, PDI, %Entrapment Efficiency, and rate of filtration was 

investigated by varying the total lipid concentration and the results are presented in Table 5. 

 

[C] Solid Lipid: Liquid Lipid Concentration 

Effect of ratio of solid: liquid lipid was investigated by preparing batches of varying amount of Solid 

Lipid and Liquid Lipid. Their effect on Particle Size, PDI, % entrapment efficiency and rate of 

filtration was evaluated and the results are presented in Table 5. 

 

[D] Drug Substance Concentration 

Effect of drug amount was investigated by preparing batches of varying amount of drug. Effect of 

amount of drug on Particle Size, PDI, Entrapment Efficiency, stability, and filtration efficiency of 

NLCs was evaluated and the results are presented in Table 5. 

 

Results and Discussion: The results of optimization of total lipid concentration, solid lipid: liquid 

lipid concentration, drug substance concentration is presented in table 5: 
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Table 5: Results of optimization of total lipid concentration, solid lipid: liquid lipid concentration, drug substance concentration 

Sr. 

No. 

Total Lipid 

Conc. (%) 

Solid lipid: 

liquid lipid 

Ratio 

Drug substance 

concentration (mg/mL) 
Z-Average PDI 

% Entrapment efficiency 

% Filterability 

PAC CYC PAC CYC 

1 2 1:1 1 8.75 114.2 ± 3.3  0.147 ± 0.010  99.2 ± 0.6  99.9 ± 0.7  100.00 ± 0.00  

2 4 1:1 1 8.75 147.7 ± 12.0  0.175 ± 0.013  98.9 ± 0.6  97.9 ± 0.7  83.33 ± 3.06  

3 6 1:1 1 8.75 267.4 ± 35.2  0.318 ± 0.019  99.1 ± 0.5  98.2 ± 0.6  76.67 ± 6.11  

4 2 1:2 1 8.75 164.2 ± 11.9  0.208 ± 0.022  100.1 ± 0.4 99.1 ± 0.7 82.50 ± 1.90 

5 2 1:3 1 8.75 197.8 ± 9.1  0.212 ± 0.057  100.0 ± 0.2 98.5 ± 0.4 60.14 ± 6.65 

6 2 1:1 2 17.5 153.5 ± 8.2  0.179 ± 0.018  88.3 ± 0.6  89.0 ± 1.1  100.00 ± 0.00  

7 2 1:1 3 26.25 279.0 ± 25.0  0.328 ± 0.017  67.5 ± 2.3  63.5 ± 2.6  88.67 ± 2.31  

8 2 1:1 1 8.75 120.2 ± 4.2  0.138 ± 0.009  99.1 ± 0.7  98.7 ± 0.7  100.00 ± 0.00  

9 2 1:1 1 8.75 200.4 ± 3.6 0.305 ± 0.069 95.7 ± 1.2 90.6 ± 0.5 78.10 ± 4.00 

10 2 1:1 1 8.75 258.2 ± 40.6  0.351 ± 0.046  91.3 ± 1.5 84.8 ± 1.0 50.17 ± 6.44 

 

Based on the above results, total lipid concentration was finalized as 2%, solid lipid: liquid lipid ratio as 1:1, drug concentration for Paclitaxel as 

1mg/mL and Cyclophosphamide as 8.75mg/mL. 
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8.1.3. Optimization of Process Parameters 

[A]Mixing Speed 

Different mixing speeds between 250, 500 and 1000 RPM been evaluated. 

 

[B]Mixing Time 

Different mixing time between 5 minutes, 15 minutes and 30 minutes were evaluated. 

 

[C]Temperature for Lipid Phase 

Different temperatures for heating of Lipid Phase between 50 ± 2°C, 70 ± 2°C and 90 ± 2°C were 

evaluated. 

 

Results & Discussion: The results of mixing speed, mixing time, and temperature of liquid phase is 

presented in Table 6: 

 

Table 6: Results of mixing speed, mixing time, and temperature of phases 

Mixing 

Speed 

(RPM) 

Mixing time 

(Minutes) 

Phase 

Temperature 

Z-Average 

(nm) 
PDI 

% Entrapment efficiency 

PAC CYC 

250 15 70 ± 2°C  461.4 ± 17.0  0.243 ± 0.05  85.5 ± 0.2 92.8 ± 0.7 

500 15 70 ± 2°C  152.1 ± 3.8  0.200 ± 0.01  99.6 ± 0.4 100.0 ± 0.2 

1000 15 70 ± 2°C  176.2 ± 11.6  0.194 ± 0.02  94.1 ± 0.4 99.2 ± 0.8 

500 5 70 ± 2°C  495.2 ± 15.9  0.336 ± 0.05  96.2 ± 0.1 98.1 ±  

500 30 70 ± 2°C  173.1 ± 7.1  0.204 ± 0.02  98.4 ± 0.6 99.3 ± 0.1 

500 15 50 ± 2°C  427.6 ± 22.7  0.390 ± 0.023  62.8 ± 1.3 75.1 ± 1.0 

500 15 90 ± 2°C  217.1 ± 11.0  0.232 ± 0.010  100.1 ± 0.5 89.6 ± 1.1 

 

The optimum mixing speed of 500 RPM for mixing time of 15 minutes and phase temperature of 

70±2°C was observed to manufacture NLCs with lowest particle size distribution and highest % 

entrapment efficiency. 
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8.1.4. LYOPHILIZATION OF NLCs 

Mannitol, Lactose Monohydrate and Dextrose Monohydrate were evaluated as cryoprotectants. The 

final Cryoprotectant was selected from a freeze thaw study where NLCs containing 4%w/v of each 

cryoprotectant were frozen at freezing rate of 0.1°C/minute and again brought to room temperature 

(25°C) at heating rate of 0.1°C/minute. 

 

The selected cryoprotectant was studied at 3 different concentrations of 2%w/v, 4%w/v, and 6%w/v 

to optimize the concentration of selected cryoprotectant. SMART
TM

 cycle was executed using 

Lyostar III Lyophilizer of SP Scientific, USA. SMART
TM

 Freeze-Dryer technology eliminates the 

trial-and-error approach normally involved in developing new lyophilisation cycles. Based on 

manometric temperature measurement equation and heat and mass transfer theory, pressure rise data 

is analyzed by an algorithm and converted to a number of critical process parameters. Lyophilization 

parameters were selected by using SMART
TM

 Programme of Lyostar-3 Lyophilizer (Make: SP 

Scientific) [73-79]. 

 

8.1.5. CHARACTERIZATION OF NLCS 

Paclitaxel and Cyclophosphamide loaded NLCs was characterized for morphology by TEM, Particle 

size distribution, Zeta potential, Redispersibility of NLCs, Differential Scanning Calorimetry, X-ray 

diffraction, and FTIR spectroscopy. The results and discussion are as presented in Table 7: 

 

Table 7: Results and Discussion of characterization of NLCs 

Sr. 

No. 
Test Name Results and Discussion 

1 Redispersibility 

NLCs were found to be readily redispersible in sterile water for injection and 

phosphate buffer pH 7.4. The time required to redisperse in sterile water for 

injection was 69 seconds and for phosphate buffer pH 7.4 was 74 seconds. 

2 Zeta Potential 

The zeta potential of the NLCs was observed to be -5.3 ± 2.7 mV. The graph 

of Zeta potential is show in Figure 4 revealed that there is no significant 

charge on the NLCs as the surfactants used are non-ionic in nature and 

therefore they do not impart any charge on the NLCs. 
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Sr. 

No. 
Test Name Results and Discussion 

 

Figure 4: Graph of Zeta Potential of NLCs 

3 
Particle size 

distribution 

The particle size distribution of the optimized NLCs revealed that the 

average Z-average was 74.3 ± 3.7nm with PDI of 0.072 ± 0.004. The graph 

of particle size distribution is presented in Figure 5 below: 

 

Figure 5: Graph of Particle size distribution of NLCs 

4 
Morphology by 

TEM 

The image obtained by TEM as shown in (Figure 7) revealed that the 

optimized NLCs were discrete and spherical with particles size (<100 nm), 

which was close to the results obtained by dynamic light scattering (DLS) 

method. 
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Sr. 

No. 
Test Name Results and Discussion 

 
Figure 6: TEM Image of Optimized NLCs 

5 

Differential 

Scanning 

Calorimetry 

Paclitaxel, Cyclophosphamide and Paclitaxel & Cyclophosphamide loaded 

NLCs were analyzed by DSC to investigate the crystalline nature of 

Paclitaxel and Cyclophosphamide. Thermogram of NLCs did not show the 

melting peak of Paclitaxel and Cyclophosphamide suggesting that paclitaxel 

and Cyclophosphamide were present in the NLCs either in amorphous form 

or molecularly dispersed. 

6 FTIR 

The paclitaxel-loaded SLNs were characterized by FTIR spectra for their 

surface chemistry. FTIR spectra of Paclitaxel, Cyclophosphamide, and 

Paclitaxel & Cyclophosphamide loaded NLCs were obtained. The IR-

spectrum of NLCs showed absence of significant drug peaks which indicates 

efficient and complete drug encapsulation within lipid matrix. 

7 
In-vitro drug 

release study 

In-vitro release studies were performed for Reference Standard of Paclitaxel, 

Reference Standard of Cyclophosphamide and Paclitaxel & 

Cyclophosphamide loaded NLCs. The graph of % cumulative release versus 

time in hours is as follows: 
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Sr. 

No. 
Test Name Results and Discussion 

 

 

Figure 7: Graph of % cumulative drug release vs. time in hours for 

Paclitaxel & Cyclophosphamide loaded NLCs, Paclitaxel Reference 

standard and Cyclophosphamide Reference standard 

8 Sterility 

At the end of incubation period of 14 days, the Petri dish containing negative 

control, positive control and test sample (NLCs) were observed for any signs 

of microbial growth. No growth was observed in Negative control and test 

sample, whereas growth was observed for Positive control. Therefore the 

optimized NLCs passed the test for sterility. 
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8.2. MICROEMULSION 

8.2.1. Selection of Method for Microemulsion 

The Microemulsions containing drug combination of Paclitaxel and Cyclophosphamide were 

prepared by mixing of Oil Phase and Aqueous phase. Paclitaxel API was dissolved in oil phase 

containing liquid lipid, surfactant and co-surfactant at elevated temperature. Further the oil phase 

was cooled to room temperature and Cyclophosphamide API was dissolved under continuous 

stirring. Aqueous phase was added to oil phase under continuous stirring to form a microemulsion. 

This microemulsion was cooled at 5 ± 3°C under continuous stirring. Pseudo ternary phase diagrams 

were constructed to identify the oil-in-water microemulsion forming compositions. [35, 36, 80-82]. 

 

Based on the compatibility studies, Paclitaxel and Cyclophosphamide were compatible with 

Caprylic/Capric Glycerides, PEG-400, Cremophor ELP and Soluplus. Ternary phase diagram was 

constructed with levels of Caprylic/Capric Glycerides in the range of 4.0 to 8.0%, PEG-400 in the 

range of 1.0 to 4.0%, Cremophor ELP in the range of 1.0 to 8.0 % and Soluplus at 1.0%. The 

generated phase diagram is presented in Figure 8. 

 

Figure 8: Pseudo ternary phase diagram for Microemulsion 
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8.2.2. Optimization of Drug Substance Concentration 

The effect of amount of drug on Particle Size, PDI, Entrapment Efficiency, stability, and filtration 

efficiency of Microemulsions was evaluated. The results are presented in table 7. 

 

Results & Discussion: The results of optimization of drug substance concentration are presented in 

table below: 

Table 8: Results of optimization of drug substance concentration 

Sr. 

No. 

Drug 

substance 

Conc. 

(mg/mL) 
Z-Average PDI 

% Entrapment efficiency % 

Filterability 

PAC CYC PAC CYC 

1 1.5 13.125 97.8 ± 4.1  0.092 ± 0.090 100.0 ± 1.2 100.5 ± 1.1 100.00 ± 0.00  

2 3 26.25 88.5 ± 7.6  0.080 ± 0.005  99.1 ± 1.7  98.7 ± 1.7  100.00 ± 0.00  

3 4.5 39.375 161.3 ± 2.1  0.252 ± 0.042  96.0 ± 1.2 97.5 ± 1.4 90.00 ± 5.00 

Based on above results, Paclitaxel concentration as 3mg/mL and Cyclophosphamide as 26.25mg/mL 

was finalized. 

8.2.3. Optimization of Process Parameters 

[A]Mixing Speed 

Different mixing speeds between 250, 500 and 1000 RPM were evaluated. 

 

[B] Mixing Time 

Different mixing time between 5 minutes, 15 minutes, and 30 minutes were evaluated. 

 

Results & Discussion: The results of mixing speed, mixing time, and temperature of liquid phase is 

presented below: 

Table 9: Results of mixing speed, mixing time, and temperature of both phases 

Mixing 

Speed (RPM) 

Mixing time 

(minutes) 
Z-Average PDI 

% Entrapment efficiency 

PAC CYC 

250 15 151.4 ± 9.5  0.103 ± 0.05  89.2 ± 1.7 100.1 ± 1.3 

500 15 92.1 ± 6.8  0.090 ± 0.07  99.7 ± 1.3 99.8 ± 1.1 

1000 15 116.2 ± 10.6  0.115 ± 0.09  98.5 ± 1.5 97.9 ± 1.6 

500 5 197.2 ± 15.9  0.336 ± 0.05  77.3 ± 1.4 96.4 ± 1.5 

500 30 107.1 ± 11.0  0.052 ± 0.08  100.3 ± 1.2 95.0 ± 1.7 

 

Based on above results, Stirring speed of 500 RPM and time of 15minutes is sufficient to produce 

NLCs with desirable particle size distribution and % entrapment efficiency. 
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8.2.4. CHARACTERIZATION OF MICROEMULSION 

Paclitaxel and Cyclophosphamide loaded Microemulsion was characterized for morphology by 

TEM,  Globule size distribution, Zeta potential, Viscosity, Surface Tension, Dilution test. The results 

and discussion are as presented in Table 10: 

Table 10: Results and Discussion of characterization of Microemulsion 

Sr. 

No. 
Test Name Results and Discussion 

1 Dilution test 

Paclitaxel and Cyclophosphamide loaded microemulsion was easily 

diluted with water at 1:10, 1: 100 and 1: 250 ratios. Therefore the 

prepared microemulsion was oil-in-water type. 

2 Viscosity 

The viscosity of the optimized formulation was observed to be 1.09 ± 

0.06 cps.  

3 Zeta Potential 

The zeta potential of the microemulsion was observed to be -2.6 ± 0.2 

mV. The graph of Zeta potential is show in Figure 9. 

 

 

Figure 9: Graph of Zeta Potential of NLCs 

5 
Globule size 

distribution 

The particle size distribution of the optimized NLCs revealed that the 

average Z-average of optimized NLCs was obtained as 74.3 ± 3.7nm with 

PDI of 0.072 ± 0.004. The graph of particle size distribution is presented 

in Figure 10 below: 
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Sr. 

No. 
Test Name Results and Discussion 

 

Figure 10: Graph of Particle size distribution of Microemulsion 

6 
Morphology by 

TEM 

The images obtained by TEM shown in (Figure 11) revealed that the 

optimized microemulsion were discrete spherical oil nanocarriers. TEM 

images of optimized microemulsion showed distinct clear spherical 

droplet size (<100 nm), which was similar to the results obtained by 

dynamic light scattering (DLS) method. 

 

Figure 11: TEM Image of Optimized Microemulsion 

7 
In-vitro drug 

release study 

In-vitro release studies were performed for Reference Standard of 

Paclitaxel, Reference Standard of Cyclophosphamide and Paclitaxel & 

Cyclophosphamide loaded microemulsion. The graph of % cumulative 

release versus time in hours is as presented in Figure 12: 
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Sr. 

No. 
Test Name Results and Discussion 

 

Figure 12: Graph of % cumulative drug release vs. time in hours for 

Paclitaxel & Cyclophosphamide loaded microemulsion, Paclitaxel 

Reference standard and Cyclophosphamide Reference standard 

8 Sterility 

At the end of incubation period of 14 days, the Petri dish containing 

negative control, positive control and test sample (microemulsion) were 

observed for any signs of microbial growth. No growth was observed in 

Negative control and test sample, whereas growth was observed for 

Positive control. Therefore the optimized microemulsion passed the test 

for sterility. 
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9. CELL LINE STUDIES 

9.1. Cell viability assay 

The reduction of tetrazolium salts is now widely accepted as a reliable way to examine cell 

proliferation. The yellow tetrazolium MTT (3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium 

bromide) is reduced by metabolically active cells, in part by the action of dehydrogenase enzymes, to 

generate reducing equivalents such as NADH and NADPH. The resulting intracellular purple 

formazan can be solubilised and quantified by spectrophotometric means. The assay measures the 

cell proliferation rate and conversely, when metabolic events lead to apoptosis or necrosis, the 

reduction in cell viability. 

 

MCF-7 Cells cultured in T-25 flasks were trypsinized and aspirated into a 5mL centrifuge tube. Cell 

pellet was obtained by centrifugation at 300 x g. The cell count was adjusted, using DMEM-HG 

medium, such that 200μL of suspension contained approximately 10,000 cells. To each well of the 

96 well microtitre plate, 200μL of the cell suspension was added and the plate was incubated at 37°C 

and 5% CO2 atmosphere for 24 h. After 24 h, the spent medium was aspirated. 200μL of different 

test concentrations of test drugs were added to the respective wells. The plate was then incubated at 

37°C and 5% CO2 atmosphere for the specified time. 

 

The plate was removed from the incubator and the drug containing media was aspirated. 200μL of 

medium containing10% MTT reagent was then added to each well to get a final concentration of 

0.5mg/mL and the plate was incubated at 37°C and 5% CO2 atmosphere for 3 h. The culture medium 

was removed completely without disturbing the crystals formed. Then 100μl of solubilisation 

solution (DMSO) was added and the plate was gently shaken in a gyratory shaker to solubilise the 

formed formazan. The absorbance was measured using a microplate reader at a wavelength of 570 

nm and also at 630 nm. The percentage growth inhibition was calculated, after subtracting the 

background and the blank, and concentration of test drug needed to inhibit cell growth by 50% 

(IC50) was generated from the dose-response curve for the cell line. [35, 83-86] 

 

9.2. Cell Cycle Analysis by Flow Cytometry 

MCF-7 human breast cancer cells were seeded into 6-well plates and incubated at 37°C for 24 hours. 

Cells were treated with the test compound, trypsinized, and taken into 15mL tubes. Cells were 

washed, fixed in chilled 70% Ethanol (-20
o
C), washed again twice, resuspended in 400 µL PI-RNase 

solution per million cells and taken into 12x75mm tubes. Samples were mixed well and analysed by 

Cytomics FC500 Flow cytometer, Beckman Coulter, USA [87, 88]. 
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9.3. Drug Uptake Assay and Apoptosis by Fluorescence Microscopy of Paclitaxel & 

Cyclophosphamide combination loaded NLCs and Microemulsion 

Drug uptake assay and Apoptosis by fluorescence microscopy was performed for Paclitaxel & 

Cyclophosphamide combination loaded NLCs and Microemulsion. MCF-7 Human breast cancer 

cells were cultured in a 6-well plate at a density of 2 x 10
5
 cells/2 ml and incubated in a CO2 

incubator overnight at 37°C for 24 hours. The spent medium was aspirated and washed with 1ml 1X 

PBS. The cells were treated with required concentration of FITC tagged NLCs/ Microemulsion in 2 

ml of culture medium and then incubated for 24 hours as per the IC50 obtained in cell viability assay. 

The cells were washed two times with 1X PBS at the end of the treatment. 500µL of mounting 

medium was added before imaging. Cells were observed under 10X & 20X objectives of 

fluorescence microscope using filter cube with Excitation 470/40 and Emission 525/50 for 

FITC.Images were analysed using ImageJ Software v1.48.[89] 

 

9.4. Drug uptake assay by Flow Cytometry of Paclitaxel & Cyclophosphamide combination 

loaded NLCs and Microemulsion 

MCF-7 Human breast cancer cells were placed in a 6-well plate at a density of 3 x 10
5
 cells/2 ml and 

incubated in a CO2 incubator overnight at 37°C for 24 hours. The spent medium was aspirated and 

washed with 1ml 1X PBS. The cells were treated with required concentration of experimental test 

compound in 2 ml of culture medium and incubated the cells for 24 hours. One of the wells was left 

as untreated to be used as negative control. At the end of the treatment, the cells were washed two 

times with 1X PBS and harvested into 15ml centrifuge tubes and these tubes were centrifuged for 

five minutes at 300 x g at 25°C, further carefully aspirated the supernatant. The cells were 

resuspended in 0.5-1 ml of PBS and mixed well to ensure separation of individual cells. The cells 

were analyzed with a flow cytometer. Cells taking up FITC tagged NLCs/ Microemulsion display 

fluorescence with excitation and emission at 465 nm and 540 nm, respectively, and were measured in 

the FL1 channel (525nm) used to detect FITC [90]. 
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10. STABILITY STUDIES 

Stability is one of the critical aspects in ensuring safety and efficacy of drug products. In 

intravenously administered NLCs and microemulsion, for example, formation of larger particles 

could lead to capillary blockade and embolism so particle size and size distribution of Paclitaxel and 

Cyclophosphamide loaded NLCs and microemulsion needs to be closely monitored during storage. 

Comparative stability studies were carried out for the nanostructured lipid carriers and 

microemulsion at 25±2°C/ 60%±5%RH and at 2 to 8°C in accordance with ICH Q1B (R2). [91] 

 

11. ONGOING WORK 

 Stability studies 

 In-vivo studies 
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