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Abstract 

ABSTRACT 

Objective: 

The HMG-CoA reductase inhibitors are most extensively used to lower blood cholesterol 

for the prevention of cardiovascular disease. Pitavastatin calcium is a relatively newly 

developed, potent, non-purine, synthetic HMG-CoA reductase inhibitor that has greater 

efficacy in reducing the low-density lipoprotein-cholesterol (LDL-C) and change in other 

lipoprotein compared to other statins. However, its poor water solubility restricts its clinical 

effectiveness. The nanoparticle is one of the promising approaches to enhance solubility and 

dissolution performance and thereby bioavailability of the poorly soluble drug. Hence, the 

present study was undertaken to prepare PTV nanoparticles using the design of experiment 

approach. 

Method: 

The PTV nanoparticle was developed by the emulsion solvent evaporation technique 

followed by freeze-drying. Initially, various process and formulation variables were 

evaluated and screened using the Plackett-Burman design in which seven factors at two 

levels were tested at 12 runs. Thereafter, a response surface optimization approach, Box-

Behnken Design, was used to study the effects of critical variables on desired attributes. 

Spectroscopic and thermal evaluation of optimized nanoparticles were performed. The 

optimized nanoparticles were incorporated into the tablet and assessed for in-vitro 

dissolution and in-vivo pharmacokinetic behavior. 

Results: 

Statistical analysis of Plackett-Burman design revealed that stabilizer concentration, 

injection flow rate, and stirring rate were the most influential factors affecting the 

nanoparticle characteristics. The average particle size, polydispersity index, and zeta 

potential of nanoparticles optimized using Box-Behnken design were 207.8 nm, 0.141, and 

-20.71 mV respectively. The scanning electron microscopy (SEM), x-ray diffraction (XRD), 

and differential scanning calorimetry (DSC) study demonstrated that there was a reduction 

in crystallinity during the processing and confirm to the amorphization of the drug in its 

nano-form. Additionally, optimized PTV nanoparticles showed a significant improvement 

in the solubility of prepared nanoparticles by 58.95-fold in distilled water and 32.01-fold in 

PBS pH 6.8. Further, this result also supported the dissolution profile of nanoparticle-loaded 

tablets which shows significant high dissolution efficacy and low mean dissolution time 

compared to the conventional product. In-vivo pharmacokinetic study of PTV nanoparticle-
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Abstract 

loaded tablets indicated a 1.76-fold improvement in oral bioavailability compared to the 

marketed tablet. Finally, the optimized nanoparticles as well as nanoparticles loaded tablets 

were found to be stable over 3 months. 

Conclusion: 

It was concluded that the experimental design approach, PBD followed by BBD has been 

successfully implemented to screen the variables and optimize the PTV nanoparticles. The 

nanotechnology strategy was found to be a viable approach to enhance the solubility of the 

drug which leads to improvement in in-vitro dissolution performance and in-vivo 

bioavailability of PTV. From the above studies, it is evident that developed novel 

conventional oral formulation of PTV can effectively be used in the treatment of 

hypercholesterolemia for better efficacy and clinical outcome. 

KEYWORDS: HMG-CoA; nanoparticles; pitavastatin calcium; design of experiment; 

optimization; in-vivo pharmacokinetic. 

 

GRAPHICAL SUMMARY OF THE RESEARCH WORK: 
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1 INTRODUCTION 

1.1 HMG -COA REDUCTASE INHIBITOR 

1.1.1 Prevalence and treatments of Hypercholesterolemia 

Cardiovascular disease (CVDs) remains the leading cause of death in older adults, 

accounting for 31% of all global deaths and 60% of deaths in those aged 85 years or older.[1-

3] Hypercholesterolemia is a major risk factor for the progression of atherosclerosis, the 

primary cause of coronary heart disease.[4] Statins are effective in lowering blood cholesterol 

and are widely used in the pharmaceutical prevention of cardiovascular disease.[5] It is 

estimated that with each 1.0 mmol/L reduction in blood low-density lipoprotein (LDL) 

cholesterol, there is a corresponding 22% reduction in the rate of major vascular events 

(defined as coronary death, non-fatal myocardial infraction, coronary revascularization, or 

stroke) and a 14% reduction in overall vascular mortality.[6, 7] Statins are the most commonly 

prescribed lipid-modifying therapies, with over 25 million people worldwide receiving 

therapy.[8] Additionally, the use of statins in those aged 79 years and older has increased 

four-fold in proportion to the rise in the prevalence of cardiovascular disease for this 

population in the past decade.[1, 9] 

1.1.2 Statins 

Seven statins are currently approved for clinical use in at least one country (Table 1).[10] 

Despite differences in their chemistry and pharmacokinetics, all statins lower blood 

cholesterol through the competitive inhibition of the enzyme, 3-hydroxy-3-methylglutaryl-

coenzyme A (HMG-CoA) reductase, which catalyzes the conversion of HMG-CoA to 

mevalonate, the rate-limiting step in cholesterol synthesis. The competitive inhibition of 

HMG-CoA decreases hepatocyte cholesterol synthesis and the reduced intracellular 

cholesterol concentration induces the expression of LDL receptors on the hepatocyte cell 

surface. This results in increased extraction of LDL cholesterol from the blood and 

effectively reduces circulating LDL cholesterol.[10] The comparative pharmacokinetic and 

physicochemical properties of statins are summarized in Table 2. [11-13] 

 

 

 



Chapter- 1 Introduction 

2 Vinodkumar D. Ramani                                         PhD Thesis 

 

 

  

Table 1 History of statin development 

Molecule 
Source of 

origin 

Year 

of 

First 

Patent 

Innovator 

company 

Researcher/ 

Research 

group 

Year of USFDA 

Approval 

Innovator 

Brand 

Mevastatin 

(ML-236B) 

Penicillium 
citrinum 

1971 Sankyo Akira Endo Never - 

Lovastatin 

(mevinolin, 

MK803) 

Aspergillus 
terreus 

1978 Merck 
Brown and 

Goldstein(N) 
1987 Mevacor 

Pravastatin 
Semi-

synthetic 
1980 

Sankyo & 
Bristol-
Myers 

Olukotun et. 
al. 

1991 
(1989  

in Japan) 
Pravachol 

Simvastatin 
Semi-

synthetic 
1980 Merck Mitsui Seiji 1991 Zocor 

Fluvastatin Synthetic 1982 Sandoz  1994 Lescol 
Atorvastatin Synthetic 1987 Pfizer Roth Bruce 1997 Lipitor 

Cerivastatin Synthetic 1993 Bayer 
Angerbauer 

Rolf 

Approved 1998 
withdrawn in 

2001, due to fatal 
rhabdomyolysis 

Baycol or 
Lipobay 

Rosuvastatin Synthetic 1993 
Astra 

Zeneca 
Hirai Kentaro 2003 Crestor 

Pitavastatin Synthetic 2002 Kowa 
Muramatsu 

Toyojiro 
2009 Livalo 

Table 2 Pharmacokinetic, physiochemical properties of statins 

Molecule Nature 

Plasma 
Protein 
Bindin

g % 

Log 
P 

pKa 
T1/2 
(h)  

Oral 
Bioavai
lability 

(%) 

Standard 
Daily 
Dose 
(mg)  

Aqueous 
Solubility 
(mg/mL)  

Lovastatin 
(Mevinolin, 

MK803) 
Lipophilic >95 4.08 13.49 3 5 10–40 0.0004 

Pravastatin Hydrophilic 43-48 2.23 4.21 1.8 18 10–40 0.006 
Simvastatin Lipophilic 95 4.68 14.91 2 <5 10–40 0.01 
Fluvastatin Lipophilic 98 4.5 4.56 1.2 30 80 0.0005 

Atorvastatin Lipophilic 98 6.36 4.46 14 12 10–80 0.000001 
Cerivastatin Lipophilic 99 4.15 4.05 2-3 60 0.2 to 0.8 0.00419 
Rosuvastatin Hydrophilic 88 1.47 4 19 20 5–40 0.02 
Pitavastatin Lipophilic 99 3.75 4.13 11 51 1–4 0.0004 

1.2 CURRENT SCENARIO OF DRUG DELIVERY FOR POORLY SOLUBLE 

DRUG CANDIDATES  

The therapeutic effectiveness of a drug depends upon the bioavailability of the drug and 

ultimately upon the aqueous solubility of drug molecules. Solubility is one of the important 

parameters to achieve the desired concentration of drug in systemic circulation for the 

desired pharmacological response.[14] More than one-third of the drugs listed in the U.S. 

Pharmacopoeia fall into the poorly water-soluble or water-insoluble categories. It was 

reported a couple of decades ago that more than 41% of the failures in new drug development 
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have been attributed to poor biopharmaceutical properties, including poor aqueous 

solubility. Although, it was still indicated recently that about 50% failure of drug candidates 

was due to poor ‘drug-like’ properties. It is commonly recognized in the pharmaceutical 

industry that on average more than 40% of newly discovered drug candidates are poorly 

water-soluble. Poor ‘drug-like’ properties of lead compounds led to ineffective absorption 

from the site of administration, which has been designated as an important part of the high 

clinical failure due to poor pharmacokinetics.[15] 

Since the 1970s, many different approaches have been attempted and developed, and 

numerous reviews have been published to overcome the above mentioned issue. The BCS 

(Biopharmaceutical classification system) was developed as a regulatory tool to give 

guidelines and recommend the classification of drugs into four quadrants based on dosage 

form dissolution and the solubility and permeability characteristics of the drug substance.[16] 

The addition of DCS (Developmental classification system) further partitioned class II 

compounds based on dissolution rate and solubility, to assist in the selection of appropriate 

delivery approaches for new drug candidates. An analysis by James Butler of 

GlaxoSmithKline features selected drugs and the respective solubilization technologies used 

in the four main quadrants of the DCS system (Figure 1).[17] This figure provides an 

interesting insight into where the different technologies have historically been applied to 

achieve improved bioavailability. From this map, it can be seen that while particle size 

reduction has dominated for dissolution rate-limited drugs, a broader range of technology 

options are represented when addressing solubility-limited drugs. In particular, several 

approaches have been successfully employed to deliver DCS class IIb compounds. So, the 

question still exists as to what technology should be selected for a new compound with poor 

bioavailability in its crystalline form. [18] 

 
Figure 1 Developability classification system 
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1.3 TECHNIQUES FOR SOLUBILITY ENHANCEMENT OF POORLY 

SOLUBLE DRUGS 

In the field of pharmaceutical formulation development, it is often required to convert drug 

entities into aqueous solutions of a variety of insoluble drugs. Distinctive methods are 

required to solubilize poorly water-soluble and insoluble drugs. Approaches   to   enhance   

the   aqueous solubility of a drug entity are enlisted as below: 

1. Particle size reduction 

2. Using co-solvents  

3. Use of surface-active agents 

4. Alteration of pH of the solvent 

5. Effect of dielectric constant 

6. Complexation 

7. Hydrotropic solubilization 

The solubility enhancement techniques mentioned above have been utilized extensively in 

the fields of pharmacy. 

1.3.1 Particle size reduction 

The most commonly used method for solubility enhancement of BCS class II drugs is 

Micronization.[19] In this technique ultrafine powder transfers from coarse drug powder by 

mechanical means using principles of pressure, attrition, friction, shearing, or impact. It 

increases the surface area of the drug so that the solute-solvent interface can be intimate 

largely compared to coarse particle, thus it increases the rate of dissolution. Various size 

reduction equipment used commonly are high-pressure homogenization ball mills, jet 

mills.[20] 

1.3.2 Using co-solvents  

Cosolvency, water-miscible solvents were added to an aqueous system, is one of the 

powerful, oldest, and widely held of these. Particularly in parenteral dosage forms, it is 

important due to the required amount of solute as a real solution in the minimum volume of 

vehicle as possible. There are more than 14% of FDA approved parenteral products 

composed of cosolvents like glycerin, polyethylene glycol 400 (PEG 400), propylene glycol 

(PG), and ethanol (EtOH).[21] 
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1.3.3 Use of surface-active agents 

The surfactant can likely upturn the solubility of the drug, while micelle-diffusivity can be 

expected to diminish this benefit. Improved drug solubility by the surface-active agent and 

reduced drug diffusivity via the fairly slow micelle-diffusivity can be likely to produce a net 

result on the dissolution of the drug.[22] Solubilization by bile salts are a significant 

component of bile and function to solubilize food to support nutrient absorption, and can 

intensely augment the absorption of drug with low solubility.[23] 

1.3.4 Alteration of pH of the solvent 

The majority of the active therapeutic agents are weak electrolytes. Weak bases and weak 

acids endure ionization in solution. In water, drugs are more soluble when they are in ionized 

form. Unionized drugs are poorly water-soluble. The degree of ionization of a drug in a 

solution is influenced by pKa and pH of the medium.[24] For example, the solubility of 

alkaloidal salts is high in acidic pH and instigate to precipitate as the pH approaches upward. 

Nevertheless, the solubility of Phenobarbitone is more in alkaline pH and initiates to 

precipitate as the pH drops. 

1.3.5 Effect of dielectric constant 

Variations in the dielectric constant of the medium have a principle consequence on the 

solubility of the ionizable solute in which higher dielectric constant (k) can cause more 

ionization of the solute and results in more solubilization.[25] As an example, water 

(DW,298=78.5) has higher dissociation strength on ions in comparison with ethanol 

(DE,298=24.2) which is resulted in more solubilization power of ions in water.[26] 

1.3.6 Complexation 

The complexation of drugs with cyclodextrins has been used to improve aqueous solubility. 

The ring has a hydrophilic peripheral and lipophilic core in which suitably sized organic 

molecules can form non-covalent inclusion complexes resulting in increased aqueous 

solubility and chemical stability. The forces driving complexation were attributed to the 

elimination of high energy water from the cavity, the release of ring strain predominantly in 

the case of cyclodextrins, Van-der-walls exchanges, and hydrogen-hydrophobic bonding.[27] 
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1.3.7 Hydrotropic solubilization 

Hydrotropy is the term originally put forward by Neuberg to describe the increase in the 

solubility of a solute by the addition of fairly high concentrations of alkali metal salts of 

various organic acids.[28] Hydrotropic agents and cosolvents have been observed to enhance 

the aqueous solubility of poorly water-soluble drugs.[29-31] Although hydrotropic 

solubilization is a quite old technique of solubility enhancement by incorporating a large 

proportion of solid cosolvent in a formulation, still the exact mechanism of solubility 

enhancement is remains to be unknown. In general, the aqueous layers and solute are 

immiscible because of difference in polarity, the hydrotrope aggregates can hold them within 

the possible hydrotropic stack, because of different solution properties acquired by them. 

Such a situation is not visible to the naked eye probably due to the negligible difference in 

the surface tension and other allied properties of the hydrotropic stack which contains the 

hidden solute and aqueous phase which may lead to solubility enhancement of solute.[32] 

1.4 PARTICLE SIZE REDUCTION AS A STRATEGY TO IMPROVE DRUG 

SOLUBILITY AND BIOAVAILABILITY 

Enhancement of solubility by particle size reduction is due to more than one reason. First, 

by reducing the particle to smaller particles, the ratio of surface to volume is raised. This 

leads to an increase in the surface of particles exposed to the solvent and leading to more 

solubilizing activity by increasing the solvent contact area. Second, the smaller radius leads 

to increasing the number of high-energy sites giving more opportunity for the solid particle 

to interact with the liquid solvent. Third, the particle size reduction process usually produces 

crystal defects or imperfections, resulting in the removal of molecules easily from weak 

particles. Finally, the smaller the particles, the lower the melting point, which results in 

particles with less intramolecular interactions and consequently, higher solubility. 

1.4.1 Relationship between particle size and solubility of a drug 

The dissolution rate of a drug is considered the rate-limiting step in class II and class IV 

drugs and is affected by solubility. Therefore, the more soluble the drug, the more 

bioavailable it is.[33] The relation between the particle size, dissolution rate, and solubility of 

the drug was explained by the Noyes-Whitney equation, Gibss-Kelvin relation, and 

Ostwald–Freundlich equation.  
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Figure 2 Effect of particle size reduction on solubility 

1.4.1.1 Noyes-Whitney equation 

It has been observed experimentally that the reduction in particle size of poorly soluble drug 

results in an increased rate of solution, this observation is in line with the Noyes- Whitney 

equation, which is regularly used to describe the process of dissolution of solid drugs.[34]  𝑑𝑐𝑑𝑡 = 𝐷𝑆ℎ (𝐶𝑆 − 𝐶) ………………………………………………………………………..(1) 

Where, D is the diffusion coefficient of the solute, Cs the solubility of the drug, S the surface 

area, h the thickness of the diffusion layer, and C the concentration of solute or drug in the 

bulk solution. From Noyes- Whitney equation, increasing the surface area will lead to an 

increase in the dissolution rate, and the surface area is increased with a reduction in the 

particle size of the drug, but this can only be accepted if the surface area of the dissolving 

solid remains constant during dissolution, which is practically not possible for dissolving 

particles. Hence, dissolution methods that involve the use of constant surface area discs are 

employed to determine the rate of dissolution. 

1.4.1.2 Gibss-Kelvin relation 

The fundamental basis for the observation that size may influence solubility is found in 

Kelvin’s equation (W. Thomson, later known as Lord Kelvin), which gives the increase in 

pressure for a curved surface, by comparing the pressure in a small bubble of radius r (Pr) 

with that in an infinitely large one P∞:[35, 36] 𝑙𝑜𝑔 𝑃𝑟𝑃∞ = 2𝛾𝑉𝑟𝑅𝑇 ………………………………………………………………………..(2) 

Where, V is the molar volume, γ is the interfacial energy, T is the absolute temperature and 

R is the gas constant. it is argued that Kelvin’s equation is equally applicable to the solid-

liquid interface and that activity can be substituted into Kelvin equation in place of the 
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pressure terms. So-called Gibss-Kelvin relation developed considering replacement of the 

activity terms (P) with solubilities (S), as activity coefficients are effectively set equal to 

unity in the dilute solutions.[37] 𝑙𝑜𝑔 𝑆𝑟𝑆∞ = 2𝛾𝑉𝑟𝑅𝑇 ………………………………………………………………………..(3) 

It is also considered as a method by which solid-liquid interfacial energies can be determined 

from changes in solubility as a function of particle size. The relationship between solubility 

and particle size, represented as a particle radius, thus as the particle size decreases the 

dissolution pressure increases which leads to shifting the solubility equilibrium toward 

increased saturation solubility.[37] 

1.4.1.3 Ostwald–Freundlich equation 

The Kelvin equation (under the name Thomson, 1871), the Ostwald equation was quite soon 

corrected by Freundlich (1909). Since then, this has become widely accepted and is known 

today the Ostwald–Freundlich equation. This equation explains that a decrease in particle 

size leads to an increase in dissolution pressure since the strong curvature of solute 

particle.[38] 

𝑥𝐴(𝛽) = 𝑥𝐴(𝛽)𝑜 ∙ exp(2∙𝑉𝐴(𝛼)𝑂 ∙𝜎𝛼 𝛽⁄𝑂𝑅∙𝑇∙𝑟𝛼 ) ……………………………………………………..(4) 

Where, xA(β) is the solubility of component A (mole fraction) in the form of a spherical, pure 

phase α of radius rα (m) in a given solution β at temperature T (K) and at a fixed pressure p 

(Pa), xo
A(β) is the same of an infinitely large phase α, σo

α/β is the interfacial energy (J/m2) 

between the two phases (supposed to be size-independent), Vo
A(α) is the molar volume 

(m3/mol) of the pure phase A(α), and R is the universal gas constant. This equation applies 

to spherical particles smaller than 1000 nm in size, especially 200 nm.[39] However, the 

experimental difficulties involved in applying this equation are: difficulty in determining 

accurate experimental solubility, the curvature of sharp points on the particles has a larger 

influence on the solubility of irregular particles, small amounts of impurities can 

substantially change the solubility.[40] 

Also, it has been reported that the process of particle size reduction may cause partial or 

complete crystal transformation into the amorphous state which is responsible for the 

enhancement of its solubility parameters too.[41, 42] In conclusion, whereas changes in particle 

size may change equilibrium solubility, thermodynamically this is unacceptable, and must 

reflect a failure to reach a true equilibrium. This in no way contradicts the fact that apparent 
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differences in equilibrium solubilities exist for different forms of the same solid. It is wise 

to utilize all available means for pharmaceutical advantage, and enhancement of the 

solubility of poorly soluble drugs is often a considerable challenge, but it remains important 

that the fundamental theory that relates to these practical observations is not concealed.[37] 

1.4.2 Relationship between particle size and absorption through GIT 

Oral delivery is the most utilized route for drug administration. The small intestine is an 

essential site for drug absorption within the gastrointestinal tract. The goblet cells secrete the 

mucus layer that spreads on the intestinal epithelium.[43] The barrier property of the mucus 

layer is attributed to steric obstruction, adhesion, and mucus turnover.[44] Drug molecules 

with optimal physicochemical characteristics would overcome the harsh environment and 

physiological barriers of the gastrointestinal tract to achieve sufficient plasma concentration. 

However, particle size plays a central role in oral delivery of drug specifically when 

considering formulations with nano-sized particles. The smaller the particle diameter the 

faster they could diffuse through the mucus to reach the colonic enterocytes.[45-47] For 

example, it was observed that 100 nm diameter nanoparticles were taken up in the GI tract 

to a greater extent than 1000 nm nanoparticles (Figure 3).[48]  

 

Figure 3 Effect of particle size of a drug on intestinal mucus penetration 

The nano-sized particles possess general mucoadhesion to biological mucosa including GI 

mucosa.[49] Because mucoadhesion of drug nanoparticles to GI mucosa leads to a higher 

concentration gradient and also a prolonged retention time.[50] Moreover, intestinal particle 
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translocation kinetics is influenced by drug diffusion through intestinal mucosa, initial 

contact with M-cells or enterocytes, post-translocation, and cellular trafficking events too. 

1.5 NANOPARTICLES 

The use of some conventional drug delivery systems is associated with a lot of formulation 

and delivery drawbacks that might limit their use, for example, poor bioavailability, 

solubility, stability, intestinal absorption, systemic adverse reactions, and fluctuations in the 

drug plasma level. These disadvantages encouraged the investigators to produce drug 

delivery systems based on nanoscale to overcome these drawbacks. Several pieces of 

research in nanoparticle-based drug delivery have been premeditated to overcome these 

challenges through the development and manufacture of nanostructures. Nanoparticle-based 

drug delivery systems can: 

1. Facilitate the delivery of poorly water-soluble drugs. 

2. Aid more rapid onset of therapeutic action 

3. Offer decreased fed/fasted variability 

4. Protect drugs from degradation in the GI tract. 

5. Decreased patient-to-patient variability 

6. Aid targeting delivery of medications to different body organs. 

7. Avoid the first-pass metabolism by providing means of bypassing the liver. 

8. Require less amount of dose  

Due to their small size, nanoparticles also differ from microparticles in terms of their in-vivo 

distribution and ability to target specific tissues. The preferential localization of 

nanoparticles at the site of interest is beneficial as it reduces the occurrence of adverse side 

effects associated with non-specific drug distribution. 

Drug designing at the nanoscale has been studied extensively and is by far, the most 

advanced technology in the area of nanoparticle applications because of its potential 

advantages such as the possibility to modify properties like solubility, drug release profiles, 

diffusivity, bioavailability, and immunogenicity. This can consequently lead to the 

improvement and development of convenient administration routes, lower toxicity, fewer 

side effects, improved biodistribution, and extended drug life cycle.[51] Additionally, they 

need to overcome challenges opsonization/sequestration by the mononuclear phagocyte 

system.[52] 
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Nanotechnology can be applied to enhancing the oral drug bioavailability of drugs. This 

might be due to the particular mechanisms of drug uptake (such as absorptive endocytosis), 

and, in such cases, nanoparticles can stay in the blood circulation for long periods, releasing 

the drug in a controlled manner. This phenomenon can reduce drug plasma level changes 

and minimize its adverse reactions.[53] 

1.5.1 Types of nanoparticles 

Nanomaterials are intermediaries between macroscopic solid and atomic and molecular 

systems. Nanoparticles can be classified into different types according to the size, 

morphology, physical and chemical properties (Figure 4).[54] Some of them are polymeric 

nanoparticles, lipid-based nanoparticles, carbon-based nanoparticles, ceramic nanoparticles, 

metal nanoparticles. 

 

Figure 4 Types of nanoparticles that have been explored for drug delivery 

1.5.2 Different approaches for nanoparticles synthesis 

Nanoparticles can be obtained by dispersion-based top-down technology or precipitation-

based bottom-up technology. The two techniques produce a nanoparticle but start with 

different particle sizes, as shown in Figure 5. The choice of a suitable nanoparticle 

preparation technique is based on its reproducibility, simplicity, efficiency, following the 

regulations, large scale-up capability, and drug entrapment efficiency. The formulation 

approach of nanoparticles could be divided into two major classes which are top-down and 

bottom-up techniques.  
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Figure 5 Top-down and bottom-up approach to produce nanoparticles 

1.5.2.1 Top-down approach 

In top-down technique also called as nanosization, in this approach the coarse particles of 

starting material subjected to particle size reduction to the nanoscale. Top-down techniques 

are extension of those that have been used for producing micron sized particles. High-

pressure homogenization (HPH) and wet milling are two examples of top-down 

technologies. 

1.5.2.1.1 High-pressure homogenization (HPH) 

The High-pressure homogenization (HPH) technique is based on a cavitation approach, in 

which vapor bubbles are produced in the nanonization liquid with the application of high 

pressure.[55] When the suspension is forced to pass through a narrow gap in the homogenizer 

valve, due to rapid acceleration the static pressure exerted on the liquid falls below the vapor 

pressure of the liquid at the prevalent temperature (Bernoulli's equation). Consequently, the 

liquid boils and gas bubbles are formed which collapse when the liquid exits from the gap 

and normal pressure are resumed. The powerful mechanical cavitation forces arising from 

the formation and collapse of the gas bubbles, coupled with a shearing effect, bring about 

elongation stress, twist, deform, and disrupt the suspended particles.[56] Subject to level of 

nominal pressure, the technology is called high-pressure homogenization (150–200 MPa) or 

ultra-high pressure homogenization (350–400 MPa).[57] This process includes several 

techniques, including microfluidizer technology, piston gap homogenization in non-aqueous 

media, and piston gap homogenization in water technology. The extent of division of the 

drug particles depends on the pressure applied as well as the number of homogenization 

cycles or passes. The mechanical properties (hardness) of the drug particles also affect the 

milling outcome.[20] HPH also offers continuous production and contrasting media milling, 

the issue of product contamination from milling equipment is considerably less. The HPH 

has also been combined with precipitation technique and this technique is known as the 
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Nanoedge™ technology. In this technique, the drug is foremost dissolved in a water-

miscible alcoholic solvent (e.g. ethanol, isopropanol, or methanol), then added to water to 

cause it to precipitate. The precipitated particles are subsequently homogenized using 

HPH.[58] Recent publications of nanoparticle development using HPH are presented in Table 

3. 

Table 3 Nanoparticles prepared using high-pressure homogenization 

Drug name Type of nano-system Stabilizer/s Ref. 

Efavirenz Solid lipid nanoparticles Poloxamer [59] 

Curcumin Nanoparticles Poloxamer, Soluplus [60] 

Ondansetron Nanostructured lipid carriers Tween 80 [61] 

Aceclofenac Nanoparticles Polyvinyl alcohol [62] 

5-Fluorouracil Solid lipid nanoparticles 
Tween 80  
Transcutol 

[63] 

Paclitaxel Nanosuspension Poloxamer 188 [64] 

Astaxanthin Solid lipid nanoparticles Tween 20 [65] 

Progesterone Solid lipid nanoparticles Poloxamer 188 [66] 

Valsartan Nanosuspension Poloxamer 188 [67] 

Ginkgo biloba Solid lipid nanoparticles Tween 80 [68] 

1.5.2.1.2 Wet media milling technique 

The wet media milling technique is also known as pearl milling, as an effective top-down 

method for producing nanoparticles, with the leverage of short development cycle, high 

production efficiency, high drug loading, and flexibility for industrialization. In the case of 

wet milling, both ball milling techniques and fluid energy involve size reduction of drug 

particles in their dry state. In this technique, the solid drug is dispersed in a liquid media in 

which the drug is insoluble or poorly soluble, which may be aqueous or non-aqueous in 

nature. The polymers or surfactants are used to add at specific concentrations to minimize 

crystal growth and stabilize the developed nanoparticles. The produced micro-suspension is 

then subjected to wet milling using ball mills in the presence of milling media. The grinding 

ball media are made of zirconium, glass, or steel. For the production of ultra-fine 

suspensions, a new approach has been adopted to improve the effectiveness of particle size 

reduction and to reduce the time of processes. Retsch GmbH (Haan, Germany) has 

developed a two-step process where, first step involves dry milling using planetary ball 

milling followed by second step pearl milling, as wet milling techniques.[69] Wet milling is 

particularly suited for potent drugs and drugs which possess high residual moisture contents 

(>50% moisture) because dry milling may be problematic for drugs of this nature.[55] 

However, wet milling has some challenges as well, e.g., increased grinding medium wear 
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and hazards corrosion which may lead to product contamination.[70] Recent publications of 

nanoparticle development using the media milling technique are presented in Table 4. 

Table 4 Nanoparticles prepared using media milling technique 

Drug name Type of nano-system Stabilizer/s Ref. 

Fenofibrate Nanocrystals Sodium lauryl sulphate [71] 
NVS 102 Nanosuspension TPGS-1000 [72] 
Ziprasidone Nanocrystals TPGS-1000 [73] 

Nifedipine Nanosuspension 
HPC, SLS and 
Poloxamer 407 

[74] 

Carvedilol Nanosuspension HPC SL and SLS [75] 

Celecoxib 
Nanocrystalline solid 
Dispersion 

PVP, VA64 and 
sodium dodecyl sulphate 

[76] 

Cilnidipine Nanosuspension PVP VA64 and SLS [77] 

Glimepiride Nanocrystals 
Poloxamer 188, HPC-SL and 
Pharmacoat® 603 

[78] 

Nitrendipine Nanocrystals HPMC-E5 and SDS [79] 

Azoxystrobin Nanosuspension 
Sodium dodecane sulfonic 
and PVP K30 

[80] 

1.5.2.2 Bottom-up approach 

The alternative to top-down approach, which has the potential of creating less waste and 

hence is more economical to produce nanoscale particles, is bottom-up. The bottom-up 

approach implies the buildup of material from the bottom: cluster-by-cluster, molecule-by-

molecule, or atom-by-atom.[81] The bottom-up approach relies on controlled 

precipitation/crystallization in which nucleation and crystal growth are the two main steps 

for nanoparticle formation.[82] In the past decade, these techniques succeed in many areas 

where top-down techniques fail. For example, a simple process, require very little 

machinery, the potential of creating less waste and hence more economical. 

1.5.2.2.1 Antisolvent precipitation-based techniques 

In this technique, the drug is dissolved in an organic solvent, and this solution is mixed with 

a miscible antisolvent to initiate fast precipitation of a finely dispersed product (Figure 6). 

Drug solubility plays an important role in the precipitation technique. Nucleation and growth 

kinetics play an important role in the final particle size and size distribution. Both are highly 

dependent on degree of supersaturation, which can be controlled by modifying temperature 

and stirring rate of the bulk solution.[83] Moreover, the types and concentration of stabilizers 

and solvents are vital factors to control the size and stability of nanoparticles. The stirring 

rate controls the rapid and uniform supersaturation of the solution that facilitates the 

formation of uniform size nanoparticles. Other parameters like drug concentration, 

antisolvent to solvent volume ratio, viscosity, and temperature.[84, 85] Examples of the 

precipitation technique include hydrosols, nanomorph, precipitation with an antisolvent 
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compressed fluid, fast expansion from a solution liquefied gas, liquid by spray-freezing, 

aqueous solution process by evaporative precipitation, and supercritical fluid (SCF) are 

representative examples of bottom-up techniques. SCF methods require special equipment, 

but the particle size control is better with these methods. The precipitation method have the 

advantages of technical simplicity, simple equipment requirements, and easy scalability. The 

basic requirement of the precipitation method is (a) drug must be soluble in at least one 

solvent and (b) solvent must be miscible with a nonsolvent. Furthermore, challenges like 

residual solvent content and the long-term stability of the nanoparticle need to be addressed. 

Recent publications of nanoparticle development using antisolvent precipitation technique 

are presented in Table 5. 

 

Figure 6 Antisolvent precipitation-based techniques 

Table 5 Nanoparticles prepared using antisolvent precipitation technique 

Drug name 
Type of nano-

system 
Stabilizer/s 

Ref. 

Curcumin Nanoparticles PVP-K30 or HPMC [86] 

Atovaquone Nanosuspension Poloxamer and povidone [87] 

Quercetin Nanoparticles Polysorbate 80 [88] 

Rapamycin Nanoparticles Polyvinyl alcohol [89] 

Glibencamide Nanoparticles Hypromellose [90] 

Resveratrol Nanosuspension 
Polyvinylpyrrolidone 17 
And Poloxamer 188 

[91] 

Mefenamic acid Nanocrystals Zirconium salts [92] 

Ibuprofen Nanoparticles Polysorbate 80 [93] 

Tadalafil Nanoparticles Kollidon VA64 [94] 

Ursolic acid Nanoparticles TPGS1000 [95] 

1.5.2.2.2 Emulsion-based techniques 

The mechanism of emulsion-based techniques is similar to a precipitation bottom-up 

technique, however, uses individual emulsion globule as its own reactor for the precipitation 

of the desired nanotechnology. In these techniques, the poorly water-soluble drug is 

dissolved in the oil phase (mostly organic solvents) and then dispersed into an aqueous 

continuous phase (mostly water). Several approaches like sonication, high-speed 
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homogenization or high-pressure homogenization, or static mixers may be used to bring the 

organic phase droplets down to the nanometer scale. High shear forces created during the 

stirring prevent particle aggregation and Oswald ripening of the small particles and thus 

prevent particle size growth. Successively, the organic phase droplets are solidified or 

precipitated by either evaporation of the organic phase, or by diffusing the solvent gradually 

out of the emulsion droplet into the outer poor solvent.[96, 97] Thus, that nanoemulsion 

systems can be used as a template for generation of nanoparticles. 

In emulsion-solvent diffusion technique, interaction between the drug and the good solvent 

is stronger than that of the good and poor solvents, thus the good solvent drug solution is 

dispersed in the poor solvent, producing quasi emulsion droplets, even if the solvents are 

usually miscible. This is as a result of an increase in the interfacial tension among good and 

poor solvents. Then good solvent diffuses slowly out of the emulsion droplet into the outer 

poor solvent phase.[98] The counter diffusion of the poor solvent in the droplet triggers the 

crystallization of the drug within the droplet because of the decreasing solubility of drug in 

the droplet containing poor solvent. 

In emulsion-solvent evaporation technique, the organic phase comprised of organic solvent 

or mixture of solvents loaded with the drug is added slowly to an aqueous medium with 

specific stirring rate that leads to formation of small droplets (containing drug dissolved in 

organic solvent) emulsified in the aqueous vehicle containing stabilizer. The process is also 

accompanied by slow evaporation of the organic solvent from the droplets.  Once the organic 

solvent is evaporated completely, stabilized pure drug nanoparticles are left behind 

suspended in the aqueous phase.[96] Typically, low boiling point solvents are preferred. 

Hydrosol method is similar to the emulsification-solvent evaporation method with the 

difference that the drug solvent is miscible with the drug-antisolvent.[99] 

Emulsion-based techniques are widely used for the development of solid lipid nanoparticles 

and polymeric nanoparticles, where the drug is encapsulated into a solid lipid matrix, or, 

encapsulated in a biodegradable polymer. In addition to that, producing pure drug 

nanoparticles (nanocrystals) from emulsion templates is also explored by many 

researchers.[100] The emulsion-based techniques offer new potential in the creation of novel 

formulations, as the physics of the system are based on the emulsion properties which can 

be easily controlled and easy to scale up. However, the use of organic solvents affects the 

environment and may require large amounts of surfactant or stabilizer. Recent publications 

of nanoparticle development using emulsion-based techniques are presented in Table 6. 
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Table 6 Nanoparticles prepared using emulsion-based techniques 

Drug name Type of nano-system Stabilizer/s Ref. 

Emulsion-solvent diffusion 

Clobetasol Solid lipid nanoparticle PVA [101] 

Repaglinide Nanoparticles PVA [102] 

Cyclosporine Solid lipid nanoparticle PVA [103] 

Desogestrel Nanoparticles PVA [104] 

Paclitaxel Nanoparticles Gelatin [105] 

Celecoxib Nanoparticles Poloxamer 188 [106] 

Curcumin Nanoparticles PVA [107] 

Astaxanthin Nanodispersion Tween 20 [108] 

Emulsion-solvent evaporation 

Aspirin Nanoparticles Tween 20 [109] 

Nateglinide Nanoparticles PVA [110] 

Ursolic acid Nanoparticles Poloxamer 188 [111] 

Insulin Nanoparticles PVA [112] 

Diazepam Nanoparticles PVA [113] 

Ibuprofen Nanoparticles Op-10 [114] 

Puerarin Nanoparticles Poloxamer 188 [115] 

Doxorubicin Nanospheres PVA [116] 

Ketoprofen Nanomedicine Tween 80 [117] 

Tadalafil Nanoparticles PVA [118] 

Temozolomide Nanoparticles TPGS [119] 

Lamivudine Nanoparticles PVA [120] 

Diclofenac Solid lipid nanoparticle Tween 80 [121] 

Raloxifene Solid lipid nanoparticle Tween 80 [122] 

Baclofen Solid lipid nanoparticle Tween 80 [123] 

Silymarin Nanoparticle Poloxamer 188 [124] 

Artesunate Nanoparticle 
Tween 80 and 
SLS 

[125] 

Hydrocortisone Nanoparticle PVA [126] 
Resveratrol and 
Co-Q10 

Nanoparticle Rhamnolipid [127] 

Itraconazole Lipomer PVA [128] 

1.5.3 Concepts of nanosuspension stabilization  

Stability is an important parameter for nanosuspensions. Submicron size particles in 

suspension can undergo aggregate, agglomerate, or sinter during the manufacturing or 

storage. Aggregation is often an irreversible process that forms due to formation of stronger 

particle clusters. Agglomerates are clusters of primary particles held together by weak 

physical interactions. In sintering individual particles are merged irreversibly to larger 

particles.  
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In bottom-up techniques, growth and nucleation in supersaturated solution occur 

spontaneously with a decrease in free energy. In top-down techniques, a large number of 

newly formed surfaces with high free energy tend to aggregate/agglomerate to reduce the 

Gibbs free energy in the system. These behaviors lead to the change of total surface free 

energy onto particles which results in thermodynamic instability of colloidal systems.[129] 

The interactions between nanoparticles in nanosuspension is described by the DLVO theory, 

which plots the interparticle distance versus the total potential energy (Figure 7). Where, 

Van der Waals force promotes aggregation, while potential existing on the charged particle 

results in repulsion. The primary maximum state creates an energy barrier for aggregation, 

providing the stability of charged colloidal particles. The larger the barrier, the longer the 

system will remain stable. If the primary maximum is too small, the particles tend to 

agglomerate, aggregate, and sinter depending on the depth of the primary minimum. Hence, 

stabilization of drug nanosuspension particles is required.[130, 131]  

 
 

Figure 7 Stability of nanoparticle in colloidal system (DLVO theory) 

Generally, two concepts are in practice for the stabilization of nanosuspension, electrostatic 

stabilization, and steric stabilization (Figure 8). The electrostatic stabilization is provided 

by the physical adsorption of charged molecules onto the surface of particles of 

nanosuspension. Approaching particles in the suspension go through repulsion due to the 

electrostatic barriers. The second concept of steric stabilization includes the formation of a 

steric barrier around the particles by adsorption of polymers onto the surface. Within this 

kind of stabilization, an elastic and an osmotic contribution is discussed. The elastic 

mechanism includes the volume restriction for each polymer chain by approaching two 

particles. Additionally, osmotically driven water influx into space between two particles 
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occurs due to a local increase of polymer concentration by approach of two particles.[132] 

Both mechanisms lead to repulsion of the nanoparticles and therefore to the stabilization of 

the system.  

The steric stabilizers used in the production of nanosuspensions are HPC, HPMC, and PVP 

with varying chain lengths and typical molecular weights, other polymers like polysorbates, 

PEO-PPO-PEO block copolymers, TPGS, and fatty acid esters of PEG. While, ionic 

polymers or surfactants like SDS, PLGA, chitosan, carrageenan, dextran sulfate are used as 

the electrostatic stabilization of nanosuspensions. [133] Often a combination of both 

stabilization approaches shows advantageous properties in case of nanosuspension particle 

size stability (Table 7).[134] 

 

Figure 8 Stabilization mechanisms: A) steric, B) electrostatic, C) electrosteric 

Table 7 Different types of stabilizers used for stabilization of nanosuspension 

Category Class of stabilizer Stabilizer Mechanism of 

stabilization 

Surfactants Ionic Cetrimonium chloride  Electrostatic 

SLS Electrostatic 

Dowfax 2A1 Electrostatic 

Nonionic TPGS Steric 

Poloxamer 188 Steric 

Poloxamer 470 Steric 

Tween 80 Steric 

Saponins  Steric 

Plantacare 2000 Steric 

Amphoteric Lecithin Steric 

Polymers Synthetic HPMC  Steric 

PVA Steric 

Semisynthetic PVP Steric 

Na-CMC  Electrostatic 

HPC Steric 

Natural Chitosan  Electrostatic 

Sodium alginate Steric 

Food proteins - Β-Lactoglobulin  Steric 

Soybean protein isolate Steric 

Whey protein isolate Steric 
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1.5.4 Solidification of nanoparticle suspensions 

There are two different types of drying technologies for solidification of nanosuspensions 

obtained using methods described in previous sections. First is the drying nanosuspension 

to a powder employing spray drying, lyophilization, or oven drying, and followed by further 

formulating the powder into capsules or tablets with other excipients.[135, 136] The second 

method, which comprises granulation and pelletization, is the combination of drying then 

shaping procedures together. The nanosuspension is used as layering dispersion in a 

fluidized bed process or a granulating liquid in the granulation process.[137, 138] 

The evaporation or sublimation is the governing mechanism during the process of drying to 

remove the water from the nanosuspension. The stabilizer chains wrap around the 

nanoparticles due to dehydration or probable partial crystallization. The polymer chains 

entangle each other and prompt particle aggregation due to the cease of steric repulsion 

exerted by stabilizer. Moreover, the contact points among nanoparticles are increased as 

water removal progresses. Under thermal and mechanical stresses nanoparticles undergo 

reversible agglomeration or irreversible fusion/aggregation. The aggregation/agglomeration 

may compromise the advantages of nanoparticle-based on the large surface area, e.g. the lag 

time at the beginning of the dissolution, decreased dissolution rate, and unpredictable 

variations in bioavailability.[139] Hence, it is important to evaluate the drying step using 

redispersibility test of dried nanopowder. The stabilizer type and its concentration, 

parameters of the drying process, selection of dispersed matrix, and properties of drug 

compounds can affect the re-dispersibility of dried nanoparticles. More hydrophobic drug 

compounds result in difficult to disintegrate the agglomeration. Regardless of the drying 

technique or other properties of a drug, the hydrophobicity of drug (corresponds to log P 

values) is a crucial parameter for nanoparticle re-dispersibility.[140] 

During spray drying, high inlet temperature is responsible for lower dissolution rates and 

higher lag time.[139] Moreover, high feed temperature and gas flow rate promotes formation 

of donut-shaped particles.[141] In freeze-drying, low drug concentration and rapid freezing 

are favorable for redispersibility.[142] Excipients like cryoprotectant ( to prevent freezing 

stress) and lyoprotectant (to minimize drying stress) are usually added during the freeze-

drying.[143] The excipients such as sucrose, mannitol, trehalose, lactose, and microcrystalline 

cellulose are frequently used as a matrix former during freeze-drying to protect the 

nanoparticles from aggregation.[143] Sometimes, dried powder without any excipients 

demonstrates good redispersibility as stabilizers used in nanosuspension production 
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themselves act as cryo/lyoprotectant to a certain degree. Although, improved product 

stability due to drying of nanosuspension in a powder form for the patient convenience as 

well as sustainable manufacturing processes may subsequently be transformed into a solid 

dosage form like capsules and tablets. 

1.5.5 Characterization of nanoparticles 

Nanoparticles are characterized based on their type and application. The various evaluation 

parameters are described in works of literature, like particle size and size distribution, charge 

determination, surface hydrophobicity, carrier-drug interaction, chemical analysis of 

surface, drug stability, nanoparticle dispersion stability (Figure 9). Properties such as the 

particle size, size distribution, charge, average particle diameter affect the physical stability 

and the in-vitro as well as in-vivo performance of the nanoparticles. Properties like size, 

surface morphology, and overall shape can be determined by electron microscopy 

techniques. Features like redispersibility and physical stability of the polymer dispersion as 

well as its in-vivo performance are affected by the surface charge of the nanoparticles. 

Different characterization methods and tools for nanoparticles are mentioned in Table 8.[144, 

145] 

 

Figure 9 Properties of nanoparticles needs to analyze 
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Table 8 Various characterization tools and methods for nanoparticles 

Parameter Characterization technique 

Particle size and distribution  
Darkfield optical microscopy, dynamic light scattering, static 
light scattering, ultrasonic spectroscopy, turbidimetry, NMR, 
single-particle optical sensing 

Morphology TEM, SEM, atomic force microscopy 

Charge determination  
Zeta potentiometer, Laser Doppler Anemometry, 
Electrophoretic light scattering, U-tube electrophoresis 

Crystalline state and amorphous 
state 

X-ray diffraction analysis, Differential scanning calorimetry, 
Scanning electron microscopy, Atomic force microscope, or 
Transmission electron microscopy 

Carrier-drug interaction Differential scanning calorimetry, FTIR 

Surface hydrophobicity  
 

Water contact angle measurement, Hydrophobic interaction 
chromatography, X-ray photoelectron spectroscopy, Rose 
Bengal(dye) binding 

Surface adsorbates Electrophoresis 

Density Isopycnic centrifugation, Sedimentation- fast-freezing fixation 

Chemical analysis of surface Sorptometer, Static secondary ion mass spectrometry 

Dispersion stability  Critical flocculation temperature 

Solubility Equilibrium solubility method, Kinetic solubility method 

Release profile  
In-vitro release characteristics under physiologic and sink 
conditions using dissolution apparatus 

Drug stability  
Bioassay of drug extracted from Nanoparticles, Chemical 
analysis 

1.5.6 Regulatory considerations for products containing nanoparticles 

Drug products at the nanoscale are commonly referred to as those employing interim 

materials or end products at a nanometer (1–100 nm) or submicron (<1000 nm) length. So 

far various nanotechnology products have been approved by the various regulatory agencies 

(USFDA, EMA) for clinical use, and many are under clinical and preclinical development. 

In the past few decades, nanotechnology has been utilized to formulate oral and parenteral 

dosage forms in the market place to enhance drug delivery and reduce toxicity Table 9.[146, 

147]  

In the USA, the 505(j) pathway is suitable for generic oral and parenteral drug products 

containing nanomaterials based on the existing knowledge of individual products.[148] The 

USFDA needs the parenteral nanomaterial formulations to be Q1/Q2 the same and have 

equivalent physicochemical characteristics. The guideline focus on the comprehensive 

characterization of the drug product, including but not limited to product composition, 

particle size distributions, particle surface charges, and among many others.[149] 

Reproducibility is controlled by the recommendation of at least three batches being used in 
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the physicochemical characterization study and scale-up issues are tackled with the 

recommendation of at least one batch being produced at the commercial scale. Generally 

speaking, the FDA does not require non-clinical studies and clinical studies for the 

demonstration of safety and efficacy for generic drug products that contain 

nanomaterials.[150] 

In contrast, the EMA expresses slightly different opinions as in-vivo studies, specifically 

non-clinical studies, generally cannot be replaced by physicochemical characterization and 

pharmacokinetic BE studies.[151] EMA’s guidelines, the demonstration of physicochemical 

equivalence, and BE are required but may be insufficient for the approval of generic 

liposomal drugs or iron-carbohydrate complex products. Non-clinical data including 

comparative tissue distribution, toxicology, and pharmacodynamic studies are routinely 

requested before BE studies are conducted in human subjects, although these studies may be 

waived on a case-by-case basis as determined by the complexity of the target products. In 

conclusion, as of today, many complex drug products based on nanotechnology have been 

approved worldwide due to advantages of sustained drug release and exposure, reduced 

toxicity, targeted drug delivery, and/or convenience of drug administration. The complexity 

of nanoparticle-based medicine has added extra layers of challenge in developing their 

generic counterparts.[152] 

Table 9 Marketed drug products utilizing nanotechnology for drug delivery 

Trade name Drug Indication Company 
Dosage form/ Route of 

administration 

Rapammune® Sirolimus Immunosuppressant Wyeth Tablet/ Oral 
Cesamet® Nabilone Antiemetic Lilly Capsule/ Oral 
Emend® Aprepiant Antiemetic Merck Capsule/ Oral 
Tricor® Fenofibrate Hypercholesterolemia Abbott Tablet/ Oral 

Triglide® Fenofibrate Hypercholesterolemia 
First Horizon 
Pharma 

Tablet/ Oral 

Avinza® Morphine Psychostimulant King Pharma Tablet/ Oral 

Ritalin® 
Methyl 
Phenidate HCl 

Muscle Relaxant Novartis Tablet/ Oral 

Zanaflex™ Tizanidine HCl Muscle Relaxant Acorda Capsules/ Oral 

Focalin®XR 
Dexmethylphen
idate HCl CNS Stimulant Novartis Tablet/ Oral 

Megace ES® 
Megestrol-
acetate 

Anti-anorexic Par Pharma 
Liquid 
nanosuspension/ Oral 

Invega 
Sustenna® 

Palperidone 
palmitate 

Schizophrenia 
Johnson & 
Johnson 

Liquid 
nanosuspension/ 
Parenteral 

Abraxane® Paclitaxel 
Metastatic breast 
cancer 

Abraxia 
Biosciences 

Dry powder injection/ 
Parenteral 

Ostim® Hydroxyapatite Bone substitute Heraseus Kulzer 
Paste/ Parenteral EquivaBone® Hydroxyapatite Bone substitute Zimmer 

NanOss Hydroxyapatite Bone substitute Rti Surgical 
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1.6 DRUG PROFILE (PITAVASTATIN CALCIUM) 

DRUG NAME Pitavastatin Calcium (CAS 147526-32-7) 

Innovator Kowa Company, Limited. Tokyo, Japan 

USFDA approval NDA 22-363, Pitavastatin,(Livalo®)- 2009 

Synonyms 

Itavastatin calcium, 
Nisvastatin, 
NK 104 
P 872441 

Pitavastatia 
Pitavastatine 
Pitavastatinum 
Itavastin 

Functional category Anti-Hyper Lipidemic agent 

Class Statin (HMG-CoA reductase inhibitor) 

Chemical structure 

 

Chemical Name 
(3R,5S,6E)-7-[2-cyclopropyl-4-(4-fluorophenyl)-3-quinolinyl]-3,5-
dihydroxy-6-heptenoic acid, calcium salt (2:1) 

Molecular formula (C25H23FNO4)2
.Ca 

Mechanism of action 

Pitavastatin competitively inhibits HMG-CoA reductase, which is a 
rate-determining enzyme involved with biosynthesis of cholesterol, in 
a manner of competition with the substrate so that it inhibits 
cholesterol synthesis in the liver. As a result, the expression of LDL-
receptors followed by the uptake of LDL from blood to liver is 
accelerated and then the plasma TC decreases. 

Description White to off white crystalline powder 

Molecular weight 880.98 g/mol 

Melting point 190-192 °C 

Bioavailability 51% 

Site of Absorption Proximal jejunum and distal jejunum/proximal ileum 

pKa 4.13 

Log P 4.82 

Tmax 1-2 h 

Volume of Distribution 148 L 

Half-life 11 h 

Protein binding 99% 

Solubility 

Freely soluble (1 to 10 Part): Pyridine, Chloroform, and THF 
Soluble (10 to 30 part): Ethylene glycol 
Sparingly soluble (30 to 100 part): Octanol 
Slightly soluble (100 to 1K): Methanol 
Very slightly soluble (1K to 10K part): Water, Ethanol 
Practically insoluble: Acetonitrile or Diethyl ether 

Metabolism Hepatic (CYP2C9) 

Excretion Urine 15%, Feces (biliary) 79% 

Dose Once daily, 2 mg, and the maximum dose is 4 mg 
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1.6.1 Therapeutic uses of Pitavastatin calcium 

Pitavastatin significantly reduces both intracellular levels and synthesis of cholesterol esters. 

Pitavastatin is found to enhance LDL-receptor expression in vitro, as well as the amount of 

LDL binding to the LDL-receptor. Pitavastatin also exhibits more potent induction of LDL 

receptor mRNA expression compared with simvastatin and atorvastatin. Apart from that 

PTV has many pleiotropic effects in-vitro and in-vivo, including deterring progression of 

atherosclerosis via inhibition of thromboxane synthesis, inhibition of migration/proliferation 

of vascular smooth muscle cells induced by angiotensin II, and stabilization of 

atherosclerotic plaque.[153] Furthermore, PTV can activate PPARα and induce HDL apoA-I 

through inducing inhibition of the Rho-signaling pathway.[154] It is purported that PTV (1 

μM) treatment for 48 h can enhance bone morphogenetic protein-2 BMP-2 (2.5-fold) and 

osteocalcin (10-fold) expression by inhibition of Rho-associated kinase in human 

osteoblasts.[155] PTV could induce autophagic cell death in glioma cells and promote the 

sensitivity of cells to radiotherapy. It could inhibit cell proliferation and induce cell apoptosis 

in cholangiocarcinoma cells as well.[156] 

1.6.2  Marketed formulations of Pitavastatin 

Table 10 Marketed formulations of Pitavastatin 

Salt form 
Innovator 

Brand 

First 

Patent 

Year 

USFDA 

Approval 

Year 
NDA Type 

Company got 

Generic 

approval 

(ANDA) 

Pitavastatin 
calcium 

Livalo 
(Kova) 

2002 2009 
Type 1 - New Molecular 
Entity- 505(b) 

Orient 
SAWAI USA 
Aurobindo 
Pivasta (Zydus) 

Pitavastatin 
Magnesium 

Zypitamag 
(Zydus) 

2011 2017 
Type 2 - New Active 
Ingredient- 505(b)(2) 

- 

Pitavastatin 
Sodium 

Nikita 
(Lupin) 

2015 2017 
Type 2 - New Active 
Ingredient- 505(b)(2) 

- 

- 

 

Figure 10 Label of innovator brand for Pitavastatin calcium 
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1.7 DEFINITION OF THE PROBLEM FOR THE RESEARCH TOPIC 

Pitavastatin calcium (PTV) is a relatively newly developed, potent, non-purine, synthetic 

HMG-CoA reductase inhibitor.[153] This new statin is safe and well-tolerated in the treatment 

of patients with hypercholesterolemia.[157] The potency of PTV is dose-dependent and its 

absolute bioavailability is 51%.[158] PTV is a Class II drug as it has aqueous solubility 

(reported 0.000657 mg/mL)[159, 160] and high permeability.[161] This is due to several factors 

such as low solubility in water, transmembrane efflux via P-glycoprotein (P-gp).[162] 

One of the approaches to enhance the oral bioavailability of P-gp substrate drugs is to co-

administered with P-gp inhibitors such as cyclosporine-A (CsA).[163] However, the use of 

cyclosporine-A is discouraged due to its immunosuppressant side effect. Thus instead of 

using therapeutic agents, it is advisable to use some excipients which have proven P-gp 

inhibitor activity such as Pluronic P85, vitamin E-TPGS, PEGs, Tween 80, Cremophor EL, 

sodium caprate, and dimethyl-b –cyclodextrin.[164] However, the high concentration of P-gp 

inhibitors is not advisable for oral consumption which may lead to changes in absorption, 

distribution, and elimination kinetics of toxins.[165] Submicron size particles of drug 

stabilized by a minimum amount of P-gp inhibitor may serve the purpose to minimize 

toxicity generated by P-gp inhibitors.  

Besides, several studies have already been carried out to overcome the PTV limitation of 

aqueous solubility and dissolution rate, such as the preparation of solid dispersions,[166] co-

crystal,[167] inclusion complexes,[168] self-microemulsifying drug delivery system 

(SMEDDS),[169] etc. However, the major problem of these formulations like poor loading, 

biocompatibility, biodegradability of excipients, and scale-up difficulty limits the clinical 

translation of drugs. Compared to other approaches reduction of particle size to the sub-

micron range is a promising formulation strategy to enhance the dissolution rate, the 

saturation solubility and so to enhance the oral bioavailability of poorly soluble drugs.[170] 

Thus in this study attempt will be made to develop Pitavastatin nanoparticles using a P-gp 

inhibitor as a stabilizing agent. 

1.8 BRIEF DESCRIPTION OF THE RESEARCH TOPIC 

In the present study, a relatively newly developed, potent, non-purine, synthetic HMG-CoA 

reductase inhibitor, Pitavastatin calcium (PTV) was used to improve its poor solubility and 

dissolution rate. 
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Nanotechnology is an effective approach that can increase the dissolution rate of poorly 

water-soluble drugs by raising their saturation solubility, thus improving drug 

bioavailability. This approach generally produces dispersions of drug nanoparticles in a 

liquid medium (typically water), which are called ‘nanosuspensions’. To develop 

nanosuspension, the emulsion solvent evaporation technique has been reported as a 

relatively simple and easy to scale up process. The major downside of such a bottom-up 

technique is to maintain the nano size of particles. This problem can be overcome by the 

incorporation of suitable stabilizers and by freeze-drying. Further, to minimize the trial runs, 

the design of the experiment approach, PBD followed by BBD has been implemented to 

screen the variables and optimize the PTV nanoparticles.  Additionally, the prepared 

nanoparticles were transformed into a tablet dosage form to ease the intake of the drug.  

1.9 OBJECTIVE AND SCOPE OF WORK 

1.9.1 Objectives 

• To develop and evaluate pitavastatin calcium nanoparticles 

• To optimize the nanoparticles using Design of Experiment (DoE) approach 

• Enhance solubility and dissolution rate of poorly soluble drug (Pitavastatin calcium). 

• To study in-vivo pharmacokinetic behavior of formulation containing developed 

Pitavastatin nanoparticles. 

1.9.2 Scope of work 

Cardiovascular disease remains the leading cause of death in the geriatric population which 

can be controlled by treating the major risk factors. Statins are the most extensively used 

drug to lower blood cholesterol for the prevention of cardiovascular disease. However, its 

poor water solubility restricts its clinical effectiveness and hence demands an urgent need 

for a novel formulation strategy that can enhance solubility and dissolution performance and 

thereby bioavailability. After clinical trials and fulfillment of other regulatory requirements, 

the developed nanoparticle loaded tablet formulation may prove to be a boon to society at 

large for the complete treatment of hypercholesterolemia. 



 

 

 

 

  

  

 

 

 

 



Chapter- 2 Literature review & Patent search  

28 Vinodkumar D. Ramani                                         PhD Thesis 

 

 

 

 

2 LITERATURE REVIEW AND PATENT SEARCH 

2.1 LITERATURE REVIEW  

2.1.1 HMG-CoA reductase inhibitors (statins) 

NHP India, (2019) published a data analysis on prevalence of dyslipidaemia in Indian urban 

and rural population. In India, approximately 25-30% of urban and 15-20% of rural subjects 

are suffering from dyslipidaemia. While, it is more common among males, but it affects both 

genders. The middle age group people tend high prevalence, but above 60 years it becomes 

markedly high and it is fatal. Most dyslipidaemias are hyperlipidaemia; that is, an elevation 

of lipids in the blood. Dyslipidaemia is an extremely important public health issue, including 

the great cost to both individuals and their families, in addition to representing a vast burden 

to the health care systems of a country. Control of triglycerides and cholesterol levels in 

blood is one of the most followed practices. Statins are the most therapeutically and 

commercially successful class of drugs, are used to lower blood levels of cholesterol.[171] 

Iago P-F. et. al., (2018) reviewed currently available treatments for hypercholesteremia.  

They have concluded that Statins are the most commonly prescribed lipid-modifying therapies, 

with more than 25 million people worldwide receiving therapy. Moreover, statins are highly 

effective drugs that can reduce the risk of major cardiovascular events (like strokes, heart 

attacks, and peripheral vascular disease) up to 10% in prevention at primary level and 5% in 

secondary level over 5 years. In terms of safety, ~ 0.5–1% of patients over 5 years may 

develop side effects, and that also mild. However, these adverse events are common in 

clinical practice and therefore, must be familiar with the physicians thus they can promptly 

diagnose and manage it correctly.[6] 

Leiv O. et. al., (2011) have analyzed various clinical study data of pitavastatin and compared 

with other statins. They have observed that despite the widespread availability of statins, an 

unacceptably large percentage of patients (47-84%, worldwide) fail to achieve their target 

level of LDL-C. They have concluded that the low doses of pitavastatin (1 mg, 2 mg, and 4 

mg) improve lipid profiles and increase NCEP/EAS LDL-C target achievement rates with 

superior lipid-lowering efficacy to comparable doses of atorvastatin, pravastatin, and 

simvastatin in a wide range of patients with hypercholesterolemia or combined 

dyslipidemia.[172] 
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Radheshyam T. et. al. (2016) reviewed conventional and novel formulation approaches for 

statins. The therapeutic efficacies of different statin molecules are dependent on the 

pharmacokinetics of the molecules, which significantly dependent on the physicochemical 

properties of the molecule. They have observed that the solubility of statins in water is 

widely different, as the partition coefficients, which range from −0.23 to 4.7. All the active 

compounds are acid and have pKa values of approximately 5.5. The pharmacokinetic 

profiles of the statins are differing widely, but different statins have the common property of 

large inter and intraindividual variability when taken by the oral route. They have 

summarized that the use of novel drug‐delivery methods like nanotechnology has great 

potential to improve the therapeutic advantage of statin treatment [173] 

2.1.2 Pitavastatin calcium formulations 

Ahmed TA. et. al., (2020) developed mucoadhesive buccal film containing crosslinked 

polyacrylic acid polymer to improve permeation of a statin across mucosal tissue. The film 

is loaded with an inclusion complex and mixed micelle containing statins (such as 

pitavastatin, simvastatin, atorvastatin, fluvastatin, lovastatin, pravastatin, and rosuvastatin). 

The ratio of the mixed micelle composition to the inclusion complex is from 2:0.5 to 2:1.5. 

They have used polymers like phosphatidylcholine, sodium deoxycholate in ratio of PC to 

SDC, 1:0.8. Also used crosslinked polyacrylic acid polymer is prop-2-enoic acid at a 

concentration of 3-5% w/v. They have concluded that the developed mucoadhesive buccal 

film enhances the drug bioavailability and is an alternative to currently available marketed 

oral tablets for poorly soluble drugs.[168] 

Mahalakshmi K. et. al., (2018) developed a solid self-micro emulsifying drug delivery 

system (L-SMEDDS and S-SMEDDS) of Pitavastatin calcium to enhance the solubility and 

bioavailability. In this experiment, they choose the components to prepare the L-SMEDDS, 

based on the solubility studies and % transmittance value. The concentration of components 

is optimized by constructing Pseudo ternary phase diagrams. The liquid S-SMEDDS of 

Pitavastatin was prepared by simple admixing method and then converted into S-SMEDDS 

on an inert carrier by adsorption technique. The optimized formulation containing 4mg of 

Pitavastatin calcium showed drug release for solid SMEDDS formulation (82.14% & 

80.52%), Particle size (139.5 nm & 621.3nm), Zeta potential (-23.29 & -20.9), viscosity (0. 

8824 cP). At last, they conclude that in-vitro drug release of the optimized batch was highly 

significant compared to pure drug and marketed conventional tablet.[169] 
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Chen L. et. al., (2011) prepared a formulation of pitavastatin NPs using a PLGA with an 

MW of 20000 and a copolymer fraction ratio of lactide to glycolide of 75:25 for the NP. 

PLGA-NPs including pitavastatin was formulated by using an emulsion solvent diffusion 

method in filtered water. Briefly, 15,16 PLGA was dissolved in a mixture of acetone and 

methanol, and pitavastatin was added. The subsequent PLGA-statin solution was emulsified 

in a polyvinyl alcohol (PVA) solution. Pitavastatin-loaded PLGA-NPs included 13% 

(wt/vol) pitavastatin. The pitavastatin-NP formulation was superior to both oral pitavastatin 

alone or pitavastatin administered systemically for the treatment of pulmonary artery 

hypertension (PAH).[174] 

Dasari N. et. al., (2016) developed solid dispersion formulation to improve aqueous 

solubility and consequently oral bioavailability of Pitavastatin calcium. The solid dispersion 

was prepared using mannitol as carrier by using different methods like melting method, melt 

solvent, and physical mixture method. In-vitro drug release studies showed that cumulative 

release of 99.68% using of melting method (mannitol 1: 4) as compared to pure drug 43.1%. 

concluded that the solid dispersion of pitavastatin using mannitol as carrier is a promising 

approach for oral delivery of Pitavastatin to improve solubility and dissolution rate.[166] 

Messa R. et. al., (2016) developed liquisolid compacts and solid dispersions of pitavastatin 

to enhance the solubility, dissolution rate, bioavailability. The liquisolid compacts were 

prepared by different ratios of polyethylene glycol 400 as a non-volatile liquid vehicle, 

microcrystalline cellulose used as carrier material, and colloidal silicon dioxide as a coating 

material. Solid dispersions were prepared by different ratios (1:2, 1:4, 1:6, 1:8) of 

polyethylene glycol 6000 as a carrier. In-vitro dissolution profiles of liquisolid formulation, 

solid dispersions were compared with that of pure pitavastatin tablet formulation. It was 

found that liquisolid formulation tablets formulated with microcrystalline cellulose showed 

63 ± 2.42 % CDR within 5 min and they showed significantly higher drug release rates than 

pure drug 13±1.44 due to an increase in wetting properties and surface of drug available for 

dissolution.[175] 

Oda S. et. al., (2010) have analyzed Nanoparticle-mediated endothelial cell-selective 

delivery of pitavastatin induces functional collateral arteries (therapeutic arteriogenesis) in 

a rabbit model of chronic hind limb ischemia. Using an NP-mediated pitavastatin delivery 

system, they have reported improvement in collateral arterial circulation in an exercise-

induced rabbit model of chronic hind limb ischemia, a platform potentially beneficial for 

treating severe organ ischemia.[176] 
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2.1.3  Reason for poor solubility of drug compounds 

Lipinski C. et. al., (2002) have concluded that it is very imperative to have adequate drug 

water solubility to exhibit sufficient bioavailability. He had tested more than 1600 phase II 

drugs for solubility in his lab. 14.2% were insoluble in aqueous buffer pH 7 at a 5 µg/mL 

concentration, which indicates that little or no chance of oral activity. He had concluded that 

poor permeation or absorption are more expected when there are >5 Hydrogen bond donors, 

>500 molecular weight, > 5 Log P-value and the sum of O’s and N’s is >10.[177] 

Pouton CW. et. al., (2006) have summarized that poorly aqueous soluble drug frequently 

appears from modern drug discovery programs, and appear to be formulators with 

substantial technical challenges. The absorption of such compounds, when presented in the 

crystalline state to the gastrointestinal tract, is typically dissolution rate-limited, and the 

drugs are typically BCS class II or class IV compounds. Class IV compounds, which have 

low membrane permeability as well as poor aqueous solubility, are often poor candidates for 

development unless the dose is expected to below. The rate and extent of absorption of class 

II compounds are highly dependent on the performance of the formulated product. These 

drugs can be successfully formulated for oral administration, but care needs to be taken with 

a formulation design to ensure consistent bioavailability.[178] 

Savla, R. et. al., (2017) explained about understanding and optimizing the drug molecule’s 

physicochemical characteristics for the selection of appropriate dosage form. Once the API’s 

properties are fixed, these can now be used to determine the optimal drug delivery 

technology. The Biopharmaceutics Classification System (BCS) has been adapted to create 

a more delivery-relevant Developability Classification System (DCS) which can be used as 

a very useful starting point to this process. The DCS classifies the molecule based on its 

unique dose-solubility ratio and effective permeability properties. They have explained in 

detail about DCS class I, II, III, and IV. Concluded that with the increased amount of 

knowledge, experience, and screening available to formulators, many of the ‘predictable’ 

pharmacokinetic issues that can increase the risk of failure early on in clinical development 

can be overcome.[179] 

Buckton G. et. al., (1992) have analyzed the relationship between particle size and solubility 

and observed that the reduction in particle size of poorly soluble material consequences in 

an increased rate of solubilization, this observation is in line with the Noyes-Whitney 

equation. They have concluded that, whereas changes in particle size may apparently change 

equilibrium solubility, thermodynamically this is unacceptable, and must reflect a failure to 
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reach a true equilibrium. This in no way negates the fact that apparent differences in 

equilibrium solubilities exist for different forms of the same solid. It is wise to utilize all 

available means for pharmaceutical advantage, and enhancement of the solubility of poorly 

soluble materials.[37] 

Wenju W. et. al., (1998) have explained a new understanding of the relationship between 

solubility and particle size. They have presented thermodynamic arguments to show that 

such relationships, describing crystal solubility as a function of particle size, originally put 

forward by Ostwald and later corrected by Freundlich, may be unjustified for determining 

interfacial tension at solid-liquid interfaces. The Gibbs-Thomson or Kelvin equations are 

valid for liquid-vapor systems, but not for solid-liquid interfaces. Furthermore, they have 

explained that "Ostwald ripening" may not be due to a higher solubility of smaller crystals, 

but rather to a net negative interfacial tension between solid and solution.[40] 

Shchekin AK. et. al., (2008) have presented a derivation of chemical equilibrium equations 

for the generalization of the Gibbs–Kelvin–Köhler and Ostwald–Freundlich equations for a 

spherical thin film of solution around a soluble solid nanoparticle immersed in the bulk 

phase. The generalized equations describe the dependence of the chemical potentials of 

condensate and dissolved nanoparticle matter in the thin solution film, the condensate 

saturated pressure, and the solubility of the nanoparticle matter on the film thickness, and 

the nanoparticle size with an account of the disjoining pressure of the liquid film.[180]  

2.1.4 Particle size-dependent oral absorption of nanoparticles 

Bandi PS. et. al., (2020) have studied the effect of particle size and surface charge of 

nanoparticles in penetration through intestinal mucus barrier. They have used polystyrene 

fluorescent nanoparticles of varying particle sizes, including 50, 100, 200, 500, 750, 1000 

nm.  A 24-well plate with transwell insert containing rabbit intestinal mucus was modeled 

as a diffusion cell setup to perform nanoparticle permeation studies. Results showed that 

particles with 50 nm diameter permeated to a significantly (p < 0.05) greater extent across 

mucus compared with particles of ≥200 nm size. Furthermore, confocal laser scanning 

microscopic images showed the accumulation of particles of ≥200 nm within mucus with 

the progression of incubation time. In the case of particles with different surface functional 

groups, mucus permeation was found to be significantly (p < 0.05) greater for neutral and 

sulfate group particles compared with particles of the amino surface.[181]  
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Banerjee A. et. al., (2016) studied about role of nanoparticle size, shape, and surface 

chemistry in oral drug delivery.  Here, they had explored the role of nanoparticle geometry 

in oral drug delivery by using different sizes of nanoparticles (50, 200, 500, and 1000 nm), 

determining the extent of particle uptake using Caco-2 cells line. The results demonstrated 

that particle uptake by Caco-2 and Caco-2/HT-29 cells was inversely related to their size, 

with uptake of 50 nm > 200 nm > 500 nm > 1000 nm. However, there was less difference 

between 50 and 200 nm in size.  They have concluded that particles of 300 nm in size or less 

are ideal for oral drug delivery since they are preferentially internalized by both enterocytes 

and M cells and demonstrate higher intestinal transport compared to larger-sized 

particles.[182] 

Chunbai H. et. al., (2012) studied about size-dependent absorption mechanism of 

nanoparticles for oral delivery. Where, they have developed different particle sizes (300, 

600, and 1000 nm) and studied size-dependent absorption mechanisms of nanoparticles 

using In vitro drug release, in vitro cellular uptake (Caco-2 cells), and in situ drug release in 

rat ileum models. They have concluded that NPs with smaller particle sizes (≤ 300 nm) 

demonstrated higher levels in intestine due to transport via enterocytes and M cells and 

systemic biodistribution than NPs with larger particle sizes (600 and 1000 nm), following 

their higher hydrophilicity and mucoadhesion, improved tendency to release more drugs in 

the mucus layer, and facilitated uptake.[183] 

Qiang F. et. al., (2016) studied the effect of particle size on the oral bioavailability of 

Nisoldipine. Nisoldipine is an antihypertensive drug having limited oral bioavailability as it 

has a very poor aqueous solubility and it undergoes extensive first-pass metabolism. In 

present study, Nisoldipine crystals of different sizes were prepared. Nanocrystals of 

Nisoldipine was prepared by media milling technique using varying conc of PVP-K30, 

HPMC-E5, and SDS as stabilizer. To determine the potential changes in the crystalline state 

of Nisoldipine after media-milling, Dynamic light scattering (DLS), Differential scanning 

calorimetry (DSC), X-ray powder diffractometry (XRPD) and Fourier transform infrared 

(FTIR) spectroscopy study was conducted. The in-vitro dissolution experiments showed that 

>70% drug was released in 1 h in case of nanocrystal formulations. Pharmacokinetic studies 

revelated that the absorption rate (Tmax) for the micronized drug was about 1 h, while it was 

shortened to 0.5 h after media-milling (nanocrystals). The oral bioavailability of 

nanocrystals increased markedly and it was 2.2-fold higher than a micronized drug. These 

results suggested that the oral bioavailability was improved and a greater oral absorption 



Chapter- 2 Literature review & Patent search  

34 Vinodkumar D. Ramani                                         PhD Thesis 

 

 

 

 

was provided by reduction of the sizes to the nanoscale region. Hence it was concluded that 

Nisoldipine nanocrystals, especially at sizes below 300 nm, are important alternative 

formulations for its oral administration.[184] 

Szentkuti L et. al., (1997) studied the particle diffusion rate through the mucosal layer to 

the enterocyte surface with respect to particle size and its surface charge. They have used 

nanospheres and microspheres in the pre-epithelial mucus gel layer of the rat distal colon. 

They observed that positively charged nanometer-sized latex particles became entrapped in 

the negatively charged mucus, whereas repulsive carboxylated fluorescent latex 

nanoparticles could diffuse through it. Transport through the intestinal tract is a 

comparatively rapid route.[185] 

2.1.5 Role of nanoparticles to improve solubility 

Messa R. et. al., (2016) prepared Fenofibrate nanocrystals of size below 30 nm with 

enhanced solubility. Fenofibrate (FF) is a drug for regulating lipids Poor aqueous solubility 

and hydrophobic nature of Fenofibrate leads to incomplete absorption in the gastrointestinal 

tract. Nanocrystals were formed by the evaporation-assisted solvent–antisolvent interaction 

(EASAI) process. Three water-soluble polymers, viz. PVP, PVA, and HPMC were used to 

prepare nanoparticles. The in-vitro drug release studies from the polymer-stabilized 

nanocrystals were carried out and complete drug release was achieved within 2 h. Infrared 

(FTIR) spectroscopy was used to study the interaction between the drug and stabilizers. The 

polymorphic form of raw-FF was retained in the nanoparticles as per the X-ray diffraction 

(XRD) patterns. Differential scanning calorimetric (DSC) studies were carried out to study 

the crystallinity of the nano formulated samples. The polymeric stabilizers control the 

growth of nanoparticles by the formation of a corona around the primary particles. As a 

result, enhancement in aqueous solubility and drug release rate was observed for the bare 

nanocrystals as well as the polymer-stabilized ones. Hence it was concluded that 

encapsulation with the polymeric stabilizers not only helped in the reduction of particle sizes 

but also enhanced the solubility and rate of dissolution.[186] 

Tahlia R. et. al., (2018) fabricated the formulation combining drug nanocrystals and silica-

lipid hybrid (SLH) microparticle to overcome the solubility issue of poorly water-soluble 

drug, Ziprasidone. A ziprasidone nanosuspension was fabricated via high-pressure 

homogenization, achieving a mean particle size of 280 nm. Later, SLH microparticles were 

fabricated by stabilizing Ziprasidone loaded nanosuspension with silica nanoparticles, 
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followed by solidification to produce porous microparticles with an internal nanostructured 

matrix. A 2.4-fold increase in the extent of drug dissolution was observed by in vitro 

dissolution studies. In-vitro drug release studies were quantified during simulated intestinal 

lipolysis studies. As a result, a 4.7-fold increase in the in vitro fasted state solubilization of 

ziprasidone was achieved by novel ncSLH. Thus, it was concluded that a nanocrystal silica-

lipid-hybrid formulation is a potential approach for such a formulation to overcome some of 

the various challenges faced by poorly water-soluble Ziprasidone.[187] 

Jain S. et. al., (2017) carried out the formulation and optimization of Olmesartan medoxomil 

nanocrystals. Olmesartan medoxomil exhibits very poor water solubility (<10 μg/ml) 

resulting in oral bioavailability of 26% in humans. Olmesartan medoxomil nanocrystals were 

prepared by the combinative approach of utilizing antisolvent precipitation and high-shear 

homogenization. Box–Behnken design comprising 46 runs was used to optimize the 

Olmesartan medoxomil nanocrystal formulation. The particle size, polydispersity index 

(PDI), and zeta potential of optimized formulation were found to be 140 ± 10.34 nm, 0.07 ± 

0.016, and −21.43 ± 2.33 mV, respectively. The solubility study of Olmesartan medoxomil, 

physical mixture of pure Olmesartan medoxomil and selected surfactants, and optimized 

nanocrystal formulation was performed by using a shaker bath. The saturation solubility of 

optimized Olmesartan medoxomil nanocrystals was significantly enhanced, approximately 

10-fold (104.41 ± 4.83 vs. 10.61 ± 0.37 μg/ml) in water and about 12.8-fold (813.81 ± 27.35 

μg/ml vs.63.29 ± 0.894 μg/ml) in phosphate buffer when compared with free Olmesartan 

medoxomil. Hence it was concluded that Olmesartan medoxomil nanocrystal formulation 

represents a commercially viable technology for obtaining improved solubility as well as 

oral bioavailability.[188] 

Barbosa S. et. al., (2015) studied the physicochemical properties of Furosemide 

nanocrystals. Furosemide is a potent loop diuretic class IV drug, according to the 

Biopharmaceutical Classification System (BCS), showing erratic and variable intestinal 

absorption most likely due to its poor permeability and solubility. Furosemide nanocrystals 

were prepared by a rotation revolution mixer with particle size 231–245 nm. The 

characterization of the prepared formulation was carried out via differential scanning 

calorimetry (DSC), X-ray powder diffractometry (XRPD), and low frequency shift-Raman 

spectroscopy. The solubility studies were performed using the shake-flask method. The 

higher increase in the saturation solubility of nanocrystals (174 µg/mL) occurred in acid pH 

(pH 1.2, 2.0, and 4.5), in which furosemide exhibits lower solubility. Hence it was concluded 
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that the prepared Furosemide nanocrystals have improved solubility as compared to pure 

Furosemide due to nanosizing.[189] 

Shah SM. et. al., (2016) fabricated and characterized Artemether nanocrystals. Although 

Artemether is a potent and lipid-soluble derivative of artemisinin, due to its poor water 

solubility (133 ± 4 µg/mL) it has lower bioavailability (<40%). Artemether nanocrystals 

with particle size of 161±1.5 nm and polydispersity index of 0.172 ± 0.01 were prepared by 

wet milling technology. The crystallinity of prepared formulation was studied by Scanning 

electron microscopy (SEM), Transmission electron microscopy (TEM), Differential 

scanning calorimetry (DSC), and X-ray powder diffractometry (XRPD). The solubility of 

Artemether nanocrystals was found to be 900 ± 2.4 µg/mL, giving an ~3-6-fold increase in 

solubility, compared to the solubility of unprocessed ARTM in stabilizer solution (321 ± 2.0 

µg/mL) and pure water (145 ± 3.0 µg/mL). This study demonstrated that wet milling 

technology can produce smart nanocrystals of Artemether with enhanced solubility.[190] 

2.1.6 Role of nanoparticles for improvement of oral bioavailability 

Sharma M. et. al., 2019 formulated Carvedilol-loaded chitosan nanoparticles to increase 

the bioavailability of poorly soluble drug. Carvedilol (CAR), a potential beta-blocker is 

hydrophobic drug that exhibits limited therapeutic effect through oral conventional drug 

delivery systems. The modified ionic gelation technique was employed for formulation of 

chitosan nanoparticles. The nanoparticles were optimized and validated using Box-Behnken 

design the key factors: concentration of chitosan, concentration of TPP, chitosan-TPP 

volume ratio, and stirring speed were considered in preparation of nanoparticles. The 

nanoparticles formulation with composition of concentration of chitosan (0.262%), 

concentration of TPP (0.6%), chitosan: TPP volume ratio (3ml), and stirring speed 

(1600rpm) were found to be an optimized carvedilol nanoparticles formulation. The 

optimized nanoparticles exhibited particle size (102.12 ± 1.04 nm) and entrapment efficiency 

(71.26 ± 1.16 %). The in vitro release profile of CAR-loaded NPs exhibited a 1.82-fold 

increase in peak plasma concentration (Cmax) and a 9.761-fold increase in AUC (0→24) in 

comparison to marketed. It was concluded that the optimized chitosan nanoparticles 

formulation has higher bioavailability than marketed tablet formulation.[191] 

Chang J-H. et. al., (2016) formulated Diosgenin nanocrystals to improve oral 

bioavailability. Diosgenin is considered a potentially useful drug with a wide number of 

clinical applications. However, although its lipophilicity is high (logP = 5.7), its poor 
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solubility in water and some other media (pH 1.2, pH 4.5, pH 6.8, and pH 7.4) has been a 

major problem in the design of a suitable delivery system for Diosgenin. Pharmacokinetic 

results have shown that the absolute bioavailability of DSG in rats is only about 7%. To 

overcome these problems nanocrystals of Diosgenin were prepared by the media milling 

method with a mean particle size of 229.0 ±3.7 nm. The physicochemical properties of 

prepared nanocrystals were systematically characterized in terms of particle size 

distribution, morphology, differential scanning calorimetry (DSC) data, powder X-ray 

diffraction (PXRD) data, and Fourier transform infrared spectroscopy (FTIR) data. 

Furthermore, the solubility, dissolution, and pharmacokinetic behavior of Diosgenin 

nanocrystals in rats were also evaluated in comparison with non-nanocrystal Diosgenin. The 

dissolution study results indicated that the dissolution profile of Diosgenin nanocrystals was 

higher compared with pure Diosgenin.  It was observed that the AUC (0–72) and Cmax of 

Diosgenin nanocrystals increased significantly by about 2.55- and 2.01-fold respectively as 

compared with those of the Diosgenin coarse suspension group. Hence it was concluded that 

nanocrystal technology is an effective and promising strategy for improvement of the oral 

bioavailability of Diosgenin.[192] 

Mauludin R. et. al., (2009) developed an oral rutin nanocrystal formulation. The rutin 

nanosuspension was produced via high-pressure homogenization. The nanosuspension 

obtained contained 10% w/w rutin and 0.2% w/w sodium dodecyl sulfate (SDS) as stabilizer. 

The particle size average and polydispersity index of lyophilized rutin were 721 nm and 

0.288 after re-dispersion. The rutin nanocrystal-loaded tablets were produced using direct 

compression. After 30 min rutin was released and dissolved completely from the nanocrystal 

tablets in water. In contrast, only 71% and 55% of the total amount of rutin were dissolved 

from the microcrystal tablets and the marketed tablet, respectively. The dissolution velocity 

of rutin nanocrystal-loaded tablets was superior compared to the rutin microcrystal-loaded 

tablet or the marketed tablet. They concluded that The improving dissolution behavior of the 

rutin nanocrystal-loaded tablet should lead to a better bioavailability of the poorly soluble 

rutin in the body.[170] 

Jianxu S. et. al., (2018) formulated Progesterone nanocrystals to improve their 

bioavailability. Progesterone was widely used to prevent preterm birth; as well as in 

postmenopausal hormone therapy. However, Progesterone belongs to BCS IV, which is a 

compound with poor solubility and low permeability. Progesterone nanocrystals were 

prepared by the wet bead milling using Tween 80 (1%, w/v) as surfactant/stabilizer. The 
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characterization of prepared formulation was carried out via differential scanning 

calorimetry (DSC), X-ray powder diffractometry (XRPD) and Fourier transform infrared 

(FTIR) spectroscopy. The in vitro release studies revealed that within 24 h, more than 70% 

of Progesterone nanocrystals were detected outside the dialysis membrane, while the amount 

of Progesterone pure drug was only 10%. The in-vivo pharmacokinetic study of Progesterone 

nanocrystals exhibited 3.1-fold increase in peak plasma concentration (Cmax) and 3.2 -fold 

increase in AUC (0→t) in comparison to marketed Progesterone oil-based injection. Hence, 

it was concluded that compared with the Progesterone oil-based injection, Progesterone 

nanocrystals had a higher AUC, MRT, Cmax, and bioavailability.[193] 

Pireddu R. et. al., 2016 formulated suspension containing Diclofenac nanocrystal to 

improve the drug’s dermal bioavailability. Currently, the available commercial topical 

preparations contain DCF in salt form, because of DCF’s free acid very low aqueous 

solubility. However, the lipophilicity of the DCF acid allows a better penetration than 

hydrophilic DCF salts. DCF nanocrystal suspensions were prepared using the wet media 

milling technique. The characterization of prepared formulation was carried out via different 

techniques: scanning electron microscopy (SEM), differential scanning calorimetry (DSC), 

X-ray powder diffractometry (XRPD), Fourier transform infrared (FTIR) spectroscopy, and 

photon correlation spectroscopy (PCS). The ex-vivo skin permeation studies of DCF 

nanocrystal suspension was carried out through the mouse skin. It was concluded from the 

result that the DCF nanocrystal suspension is an effective strategy to improve topical 

bioavailability of poorly water-soluble drugs and is a valid therapeutic approach in the 

treatment of skin inflammation.[194] 

2.1.7 Nanosuspension development techniques 

Wais U. et. al., (2016) have reviewed nanoformulation and encapsulation approaches for 

poorly water-soluble drug nanoparticles. In this review, they have given a comprehensive 

overview and latest progress of the top-down, bottom-up, and encapsulation methods for the 

preparation of poorly water-soluble drug nanoparticles and how solvents and additives can 

be selected for these methods. In addition to the more industrially applied top-down 

approaches, the review is focused more on bottom-up and encapsulation methods, 

particularly covering supercritical fluid-related methods, cryogenic techniques, and 

encapsulation with dendrimers and responsive block copolymers. Some of the approved and 

mostly used nano drug formulations on the market are also covered to demonstrate the 

applications of poorly water-soluble drug nanoparticles.[58] 
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Jenjob R. et. al., (2019) presented a comprehensive review for various conventional and 

novel emulsion based techniques for producing nanoparticles aiming at high stability, high 

encapsulation efficiency, and low toxicity. They discussed in detail physicochemical 

properties, and biomedical applications. Selection of techniques, such as emulsion-solvent 

evaporation processes, emulsion polymerization, microemulsion polymerization, and 

miniemulsion polymerization significantly affects particle properties like morphologies and 

size distributions. Details in the synthetic strategies governing the performance of 

nanoparticles in bioimaging, biosensing, and drug delivery are presented. The pros and cons 

of molecular imaging methods are also deliberated.[195] 

Markus U. et. al., (2009) prepared fluorescent and biodegradable polylactide nanospheres 

incorporating iron oxide of different sizes particles (10 or 25 nm) using miniemulsion and 

emulsion/solvent evaporation techniques in combination. Transmission electron microscopy 

and dynamic light scattering analysis revealed that the developed particles have spherical 

shapes and average sizes between 80–120 nm. The size of the particles principally depends 

on the molecular weight of the polylactide. The particles showed superparamagnetic 

properties. Additional incorporation of the hydrophobic fluorescent dye gives the possibility 

to employ use in cellular uptake mechanism study.[196] 

Xia D et. al., (2010) prepared nanosuspension by the precipitation–ultrasonication method. 

The five important process parameters, i.e. the drug concentration (nitrendipine) in the 

organic phase, the polymer concentration (PVA) in the antisolvent, the power input, the time 

length of ultrasonication and temperature, and the particle size of nanosuspensions were 

investigated and the optimal values were 30 mg/ml, 0.15%, 400 W, and 15 min, below 3°C 

respectively. The zeta potential and particle size of nanocrystals were -13.9 mV and 209 nm, 

respectively. The scanning electron microscopy (SEM) observation revealed that the 

morphology of nanocrystals was flaky in shape. The DSC and XRPD analysis indicated that 

there was no considerable change in crystallinity of the nanocrystals compared with pure 

drug crystals. The in-vitro dissolution rate of drug was significantly improved due to particle 

size reduction. The in-vivo study revealed that the AUC and Cmax of nanosuspension in 

albino rats were approximately 5.0-fold and 6.1-fold greater than marketed tablets, 

respectively.[197] 

Natarajan J. et. al., (2013) prepared nanosuspension of olanzapine employing solvent 

diffusion followed by sonication method. The nanosuspension was characterized for zeta 

potential, particle size distribution, crystallinity study (DSC), polydispersity index, in-vitro 
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dissolution release and pharmacokinetic analysis. The average size of the nanoparticles in 

selected batch was 122.2 nm. Saturation solubility was found to be 2851.3 μg/ml. In-vitro 

drug release from the nanosuspension was found to be 83.54% within 45 min whereas 

compared to unprocessed pure drug 22.91% and in freeze-dried nanosuspension product 

92.67%. Pharmacokinetic revealed that AUC (0→∞) was increased (2-fold) when 

nanosuspension was administered orally compared with that of olanzapine suspension.[198] 

Sawant KK. et. al., (2016) developed nanosuspensions of Cefdinir using media milling 

method using milling media as zirconium beads. The zeta potential and particle size were 

found to be -15.7 mV and 224.2 nm, respectively. The solubility of prepared nanosuspension 

was 1985.3 μg/ml which was 5.64-fold more than unprocessed pure drug (352.2 μg/ml). The 

XRD and DSC study indicated no interaction between drug and excipients as well as the 

crystallinity of the drug remained unchanged. Results of in-vitro release and ex-vivo 

permeation analysis revealed that there was significant improvement of drug release 88.21 

% and 83.11%, respectively, from developed formulation after 24 h as compared to drug 

release of 54.09 and 48.21, respectively, from commercial suspension (Adcef). In-vivo 

studies in albino rats confirmed a 3-fold rise in oral bioavailability.[199] 

Kakran M. et. al., (2015) formulated nanoparticles using evaporative precipitation of 

nanosuspension of hesperetin (HSP), silymarin (SLM), and glibenclamide (GLB) to improve 

rate of dissolution. The particle sizes were found to be influenced by the solvent to 

antisolvent ratio and the drug concentration. The prepared drug nanoparticles were 

characterized by SEM, DSC, and dissolution tests. The smallest average particle sizes 

obtained were 450 nm for HSP, 350 nm for SLM, and 120 nm for GLB. The DSC study 

revealed that the crystallinity was lower than the original drug. The dissolution rate of 

nanosuspension prepared drug nanoparticles evidently improved as compared to the 

unprocessed drug. The dissolution rate was improved by, up to 90% for HSP-NP, 95% for 

SLM-NP, and up to 100% for the GLB-NP. They concluded that the evaporative 

precipitation nanosuspension method is effective to produce drug nanoparticles with 

improved rate of dissolution.[200] 

Hagendorfer, H. et. al., (2011) presented overview of all major and prevalent techniques 

for nanoparticle characterization in aerosols and its dispersions. Since nanoparticles feature 

many different physicochemical properties also various analytical techniques are necessary.  

Of all the techniques, the most versatile and often applied is electron microscopy (EM). 

Beside EM, light scattering is also common, because of the ability to perform 
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straightforward, fast, and in-situ measurements. They have also discussed the principles, 

prospects, and limitations of these analytical techniques for nanoparticles in aerosols and 

dispersions.[133] 

2.1.8 Analytical method development Pitavastatin calcium  

Panchal HJ. et. al., (2008) developed column liquid chromatography and ultraviolet 

spectrophotometry method for quantification of Pitavastatin calcium in tablet dosage forms. 

The LC separation was achieved on a Phenomenex Luna C18 column in the isocratic mode 

using acetonitrile-water-triethylamine (80:19.8:0.2 v/v/v), pH-3.5 adjusted using 

orthophosphoric acid, the flow rate of 1.5 mL/min. The RT was 5.70 min. Both the methods 

were performed at 238 nm wavelength of maximum in methanol. In the LC method, 

quantification was achieved with a photodiode array detector over the concentration range 

of 0.1-2.5 µg/mL, and in the UV method, quantification was achieved over the concentration 

range of 2–20 µg/mL. The validated methods were found to be simple, specific, accurate, 

and precise. The methods were successfully applied for the determination of PIT in tablet 

dosage form without any interference from common excipients.[201] 

Akabari AH. et. al., (2015) developed the stability-indicating HPTLC method pitavastatin 

calcium. PTV was separated on aluminum-backed silica gel 60F254 high-performance thin-

layer chromatography (HPTLC) plates as a stationary phase with ethyl acetate–methanol–

toluene–glacial acetic acid (4:1:5:0.1, v/v/v/v) as a mobile phase. The validated method was 

linear over a concentration range of 25-150 ng/band. Moreover, the acid degradation of PTV 

showed apparent first-order kinetics and rate constants were found to be 0.00202 µg/mL/min 

in 0.1 N HCl at 75°C.[202] 

Kumar SN. et. al., (2007) developed HPTLC method for quantification of pitavastatin 

calcium in tablet dosage form. Development was performed on aluminum-backed silica gel 

60F254 washed with methanol. The mobile phase was ethyl acetate‐methanol‐ammonia drop 

formic acid (7:2:0.8). The method was found to be linear over range of 50–250 ng/spot at 

245 nm. The method was used for determination of the compound in commercial 

pharmaceutical dosage forms. They suggested that the developed method is a more effective 

option than other chromatographic techniques in routine quality control.[203] 

Gomas AR. et. al., (2010). have developed stability indicating UPLC method for 

Pitavastatin Calcium. Where, chromatographic separation is achieved on a BEH C18 

stationary phase with simple mobile phase combination (phase-A contains a 0.03% of 
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orthophosphoric acid buffer (0.3mL/L) and Acetonitrile as phase-B) delivered in gradient 

mode and quantification is carried at 245 nm at a flow rate of 0.3 mL min-1. The correlation 

coefficient was found to be 0.998. The developed UPLC method is validated concerning 

specificity, linearity & range, accuracy, precision, and robustness for impurities 

determination and assay determination. The developed method is stability-indicating which 

can be used for the impurity testing and assay determination in routine analysis of production 

samples and also analyze stability samples.[204] 

Chung J-Y. et. al., (2005) described a bioanalytical method for quantification of pitavastatin 

in human blood by HPLC with ultraviolet detection. For the extraction of drug from plasma, 

an aliquot of 1 mL plasma was mixed with 225 µL 2N potassium phosphate and 6 mL methyl 

tert-butyl ether. After centrifugation for 10 minutes, 100 µL of the supernatant was injected 

into an HPLC system. The mobile phase was 0.2-mol/L acetate:acetonitrile (50:50 v/v, pH 

4.0) at 0.8 mL/min flow rate through a Cosmosil AR-II C18. The LOQ was 0.5 ng/mL, and 

calibration curves were linear over the concentration range 0.5 to 200 ng/mL (r > 0.98). The 

accuracy of this assay was within the range of 96.4% to 116.8%, and the inter batch 

coefficient of variation was less than 9.2% over the calibrated range.[205] 

Di B. et. al., (2008) developed solid-phase extraction and liquid chromatography/tandem 

mass spectrometry (LC/MS/MS) assay for the determination of pitavastatin in human plasma 

and urine. Pitavastatin and internal standard (IS, rosuvastatin) were separated on a C18 

column with a mobile phase consisted of methanol:water (75:25, v/v) with 0.05% formic 

acid using positive electrospray ionization (ESI) as detector. The developed method was 

successfully applied to determine pitavastatin in human plasma and urine and was proved to 

be suitable for use in Phase I clinical pharmacokinetic study after oral administration of 

pitavastatin.[206] 
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2.2 PATENT SEARCH 

Inventor 
Patent No. 

Title 
Description Ref. 

Brand W et. 

al., (2019) 
US10213382 B2 
Nanosuspension of 
natural materials and 
preparation method 
thereof 

The present disclosure provides a method for the 
preparation of a nanosuspension with the use of at least 
one natural material, the nanosuspension is useful for 
the preparation of a medicament. 

[207] 

Inghelbrecht 
S et. al., 
(2019) 

US10166231B2 
Freeze-dried drug 
nanosuspensions 

The present invention relates to a freeze-dried or 
lyophilized drug nanosuspension. The present freeze-
dried drug nanosuspension composition has 
acceptable stability of the particle size distribution 
during storage, including long term storage. 

[208] 

Hee PV et. 

al., (2018) 
DK2117512T3 
Stabilized micronized   
particles 

The present invention relates to a method for preparing 
a suspension of micronized particles of a solid organic 
compound. The method comprises subjecting the solid 
organic compound to size reduction by wet grinding 
under pH conditions wherein the intrinsic surface 
charge of the size-reduced organic compound is 
sufficient to keep the suspension stable. 

[209] 

Bommagani 
M et. al., 
(2018) 

US20180235983A1 

Method of preparing a 
nanoparticulate topical 
composition 

This patented work involves the development of a 
methodology for topically utilized nanosuspension 
through the process of milling. 

[210] 

Edmund J 
et. al.,  
(2017) 

US8900635B2 

Nanoparticle isoflavone 
compositions and 
methods of making and 
using the same 

Provided are formulations of genistein and methods 
for formulation and using the same. In particular 
embodiments, the formulations described herein 
include suspension formulations of nanoparticulate 
genistein. Which improved solubility and 
bioavailability of genistein. 

[211] 

Mao S et. 

al., (2016) 
WO2016081593Al  
Nanosuspension 
formulation 

The patented invention describes the nanosuspension 
fabricated with a therapeutically active moiety. Such 
moiety is an active nutraceutical having a poor 
solubility profile. 

[212] 

Sabine K et. 

al., (2016) 
US20160317534A1  
Freeze-dried drug 
nanosuspension 

This patent gives information about a nanosuspension 
prepared with the lyophilized drug. Such 
nanosuspension possessed sufficient stability during 
long-term storage. 

[213] 

Gerusz V et. 

al., (2016) 
US20160206577A1 

Novel drug formulation 
This patented study reflects the method of fabrication 
of nanosuspension of an antibacterial moiety that 
improves the stability and reduced toxicity of the drug. 

[214] 

XU S et. al., 
(2016) 

CN105708844A  
obramycin and 
dexamethasone 
nanosuspension eye drop 
and preparation method 
thereof 

This patented work describes the development method 
of ophthalmic nanosuspension of tobramycin & 
dexamethasone. The process was found to be 
reproducible, effective, stable, and convenient. 

[215] 

Shi et. al., 
(2016) 

CN105315249A  
Preparation method for 
simvastatin nanocrystal 

This patent is related to the development method of 
simvastatin nanosuspension to enhance the efficiency 
of drug delivery systems. 

[216] 

Zhang et. 

al., (2016) 
CN105534947A   
Preparation method of 
celecoxib nanosuspension 
capsules 

The patented work involves a method of developing a 
celecoxib nanosuspension capsule which can be 
converted into solidified powder through freeze-
drying. 

[217] 

Moschwitze
r J G et. al., 
(2016) 

US9248101B2 
Method for the gentle 
production of ultrafine 
particle suspensions and 

The invention describes a multistage process, for 
producing particles with an average particle size from 
50 nm to 1000 nm in a very effective and gentle 
manner. The solid substance is dissolved in a solvent 

[218] 
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Inventor 
Patent No. 

Title 
Description Ref. 

ultrafine particles and the 
use thereof 

and then frozen very rapidly; the solvent/solvents used 
are optionally removed from the frozen matrix 
obtained in a freeze- drying process (lyophilization). 
The solid matrix is dispersed in a liquid medium, and 
the resulting dispersion is then immediately exposed 
to high shear and/or cavitation forces, and the forces 
applied result in stabilization or commination of the 
resulting particles in the nanometer range. 

Chen MJ et. 

al., (2015) 
US9023886B2  
Nanosuspension of a 
poorly soluble Drug via 
microfluidization process 

Provided are compositions and methods for 
preparation and administration of an oral 
nanosuspension of a poorly soluble drug with 
improved bioavailability. The method is optimized 
through microfluidization process with water-soluble 
polymeric excipients in the absence of Surfactants.  

[219] 

Kablitz C et. 

al., (2015) 
US20150238446A1  
New treatment of fish 
with a nanosuspension of 
lufenuron or 
hexaflumuron 

The researchers reported the development of stable 
hexaflumuron nanosuspension that can be injected 
into fishes for controlling sea lice. 

[220] 

Zhang et. 

al., (2015) 
CN104814926 
Lurasidone 
nanosuspension and 
preparation method 
thereof 

This invention stated that the nanosuspension of 
lurasidone was fabricated through the combination of 
nano-precipitation and high-pressure homogenization 
method. 

[221] 

McDonough 
J et. al., 
(2015) 

US 0107736 
Pharmaceutically active 
nanosuspensions 

The present disclosure is directed at a 
pharmaceutically active nanoparticle suspension that 
may be optically clear. Such suspensions may be 
formed by selective dissolution of pharmaceutically 
active compound in the first solvent followed by an 
introduction into the second solvent, such as aqueous 
medium, without substantial use of surfactant and/or 
mechanical shear. 

[222] 

Petersen R 
et. al., 
(2015) 

US 0047297  
Nanocrystals for use in 
topical cosmetic 
formulations and method 
of production thereof 

Provided are cosmetic preparations for topical 
application, containing nanocrystals of cosmetic 
actives leading to increased bioactivity of the 
molecules in the skin and methods of making the 
cosmetic preparations. The nanocrystals can be added 
to any cosmetic topical formulation, e. g., creams, 
lotions, and liposomal dispersions. The drug 
nanocrystals are produced by a combination process of 
low-energy pearl milling followed by a high-energy 
HPH, leading to nanosuspension of improved physical 
stability. 

[223] 

Rabinow B 
et. al., 
(2012) 

US8263131B2 

Method for treating 
infectious organisms 
normally considered to be 
resistant to an 
antimicrobial drug 

The present invention relates to compositions of 
submicron- to micron-sized particles of antimicrobial 
agents comprising of an aqueous suspension of 
submicron- to micron-sized particles containing the 
agent, coated with at least one surfactant. The particles 
have a volume-weighted mean particle size of fewer 
than 5 μm as measured by laser diffractometry. 

[224] 

Curatolo WJ 
et. al., 
(2011) 

US7887840B2 

A pharmaceutical 
composition comprising 
drug and concentration-
enhancing polymer 

Solubility improved drug form is combined with a 
concentration enhancing polymer in a sufficient 
amount so that the combination provides substantially 
enhanced drug concentration in a use environment 
relative to a control comprising the same amount of 
the same drug form without the concentration-
enhancing polymer. 

[225] 
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Inventor 
Patent No. 

Title 
Description Ref. 

Papadopou 
et. al., 
(2010) 

US7666307B2 
Particle size reduction of 
bioactive compounds 

The invention provides a method for reducing the 
average size of biologically active compound particles 
or agglomerates suspended in a fluid by flowing them 
one or more times through one or more magnetic fields 
to reduce the average particle size by at least 25%. 
This method may be incorporated into a process for 
manufacturing 10 biologically active compound 
formulations. 

[226] 

Castillo EJ 
et. al., 
(2010) 

US20100076045A1 

Stabilized pharmaceutical 
sub-micron suspensions 
and methods of forming 
the same 

The present invention is directed to a pharmaceutical 
submicron suspension and a method of forming the 
submicron suspension. The submicron suspension is 
useful for delivery of relatively hydrophobic and/or 
low solubility therapeutic agents. The submicron 
suspension and method of forming the submicron 
suspension typically employ a polymeric material that 
aids in preventing aggregation of the therapeutic 
agent. 

[227] 

Hüglin D et. 

al., (2008) 
US7381423B2 
Use of nanodispersions in 
cosmetic end 
formulations 

A description is given of the use of nanodispersion, 
which comprises; i) a membrane forming molecule, ii) 
a co-emulsifier, and iii) a lipophilic component in 
cosmetic formulation. Nano dispersion is obtained by 
1) mixing I, ii, and iii till homogeneous clear liquid is 
obtained and 2) adding the liquid obtained in 1 to the 
water phase of the cosmetic end formulations; step 1 
and 2 being carried out without any additional energy 
supply. 

[228] 

Chow D et. 

al., (2008) 
US7419996B2 
Parenteral and oral 
formulations of 
benzimidazoles 

Drug delivery systems comprising nanosuspension 
formulations suitable for parenteral delivery. The 
nanosuspension formulations may comprise a 
benzimidazole derivative and surface stabilizers, such 
as block copolymer(s), e.g., Pluronic F107, and 
surfactant(s), e.g., Tween 80, and, optionally, water. 
Also provided are methods for improving the 
bioavailability of a benzimidazole derivative. 

[229] 

Herry C et. 

al., (2008) 
CN101283982  
Fenofibrate nanometer 
suspension and 
preparation method 
thereof 

The invention relates to a fenofibrate nanosuspension 
and a lyophilized powder thereof wherein Poloxamer 
188 and polyvinylpyrrolidone, with a weight ratio of 
(1–3):1, are used as surfactants. The fenofibrate 
nanosuspension has stable quality and particle 
diameter of ~190–380 nm. The invention further 
discloses a preparation method. 

[230] 

Griffin J et. 

al., (2008) 
CN101199530  
Itraconazole nanometer 
suspensions lyophilized 
compound and 
preparation using the 
method thereof 

The invention discloses a freeze-drying combination 
of Itraconazole nanosuspension for injection and 
preparation and using methods of the nanosuspension. 
The invention selects serum albumin of the human as 
the main adjunct; itraconazole nanosized granulation 
can be successfully realized by adopting the drying 
technology and freeze-drying technology in a 
combined liquid of HPH nanometer emulsification 
technology; the invention can be filtered to sterilize 
and can be stored in the form of freeze-dried powder. 

[231] 

Freeman B 
et. al., 
(2008) 

WO055869  
Method for producing 
nanoscale metal oxide-
filled polymers 

The invention relates to a method for producing 
nanoscale metal oxide-filled polymers using the 
following steps: (1) producing a nanosuspension of 
one or more crystalline metal oxides, metal 
hydroxides, or metal oxide hydroxides by heating its 
suspension in a first polymerizable compound in the 
presence of water in an amount corresponding to 1 to 

[232] 
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Inventor 
Patent No. 

Title 
Description Ref. 

10 oxygen atoms per metal atom of the compound or 
of the compounds containing the corresponding 
metals, and (2) polymerization of the first 
polymerizable compound under the conditions of 
temperature and pressure conventional for the first 
polymerizable compound. 

Galli C et. 

al., (2007) 
US20070020197A1 
Preparation of 
pharmaceutical 
composition containing 
nanoparticles 

Materials and methods for preparing pharmaceutical 
nanoparticle suspension or dispersions, granulations, 
and dosage forms are disclosed. The methods employ 
a modular high-pressure spray homogenizer coupled 
with a wet granulator to form stabilized nanoparticle 
suspension or granulations. 

[233] 

Mooter G et. 

al., (2007) 
WO086911 A2  
Stable nanoparticle 
formulations 

The invention relates to pharmaceutically stable 
nanoparticle formulations of poorly soluble drug 
substances, to the processes for the preparation of such 
formulations, and to methods used. 

[234] 
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3 MATERIAL AND METHODOLOGY 

3.1 MATERIALS 

3.1.1 Major equipment used 

Name Model Make and Specifications 

HPLC system 
Shimadzu UFLC 
Prominence 

Shimadzu, Kyoto, Japan. 
Equipped with LC-20AD binary pump, PD-M20A PDA 
detector, C18 column (Phenomenex kromasil, 250×4.6 
mm i.d., 5 μm particle size, 100 Å). 

Analytical balance AUW 220 Shimadzu Corporation, Kyoto, Japan 

DM water system 
EMD Millipore Direct-
Q 3 

Millipore Corporation, Bedford, MA. 

Digital pH Meter 335 Systronics, Vadodara, India 

UV-
Spectrophotometer 

1800 Shimadzu corp., Kyoto, Japan 

FTIR IRAffinity-1 Shimadzu corp., Kyoto, Japan 

DSC DSC-60, TA-60 WS Shimadzu corp., Kyoto, Japan 

Particle size analyzer Zetatrac Microtrac Inc., USA 

SEM analyzer JSM-6010LA JEOL, Tokyo, Japan 

XRD analyzer Xpert Pro MPD Panalytical, Netherland 

GC analyzer GC-2014 
Shimadzu corp., Kyoto, Japan. Headspace auto sampler 
HT200H, DB-624 Fused silica column, G1540N-210 
Flame-ionization detector (FID) 

Syringe pump Infusa 101P Devay Medical Technologies, Vadodara 

Magnetic stirrer IKA RCT Basic IKA India Pvt. Ltd., Bengaluru 

Wrist action shaking 
apparatus 

NSAW National Scientific Apparatus Works, Haryana 

Orbital shaker PSI-06 Patel Scientific Instrument, Ahmedabad 

Freeze Dryer MSW- 137 Macro scientific works, Delhi 

Rotary tablet 
compression machine 

12 station Cemach Machineries Ltd, Ahmedabad 

Tapped density 
Apparatus 

ETD-1020 Electrolab, Mumbai, India 

Hardness tester - Monsanto type 

Friabilator EF-2 Electrolab, Mumbai, India 

Disintegration test ED-2L Electrolab, Mumbai, India 

Dissolution tester EDT-08Lx Electrolab, Mumbai, India 

Cooling incubator CI-6 Plus Remi, Mumbai 

Stability chamber PSI- 033 Patel Scientific Instrument, Ahmedabad 

Micro Centrifuge Sorvall ST 8R Thermo Fisher Scientific 

Cooling Centrifuge C-24BL Remi, Mumbai 

Deep Freezer SU105UE 
Undercounter, 105 L, -20 to -86°C, Stirling Ultracold, 
USA 
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3.1.2 Major chemicals and reagents used 

Name Grade CAS No. Supplier/Source 

Pitavastatin calcium 
(PTV) 

Pharmaceutical 
grade 

147526-32-7 
Enaltech Laboratory, Mumbai/Globela Pharma 
Pvt Ltd  

PTV marketed 
tablet 

- - Pivasta® 2 mg, Zydus Cadila 

Acetonitrile(ACN) HPLC grade  75-05-8 Merck Life Science Pvt. Ltd., Mumbai, India. 

Tetrahydrofuran 
(THF) 

HPLC grade  109-99-9 S. D. Fine Chem Ltd., Mumbai, India. 

Trifluroacetic acid 
(TFA) 

Laboratory 
grade 

76-05-1 Merck Life Science Pvt. Ltd., Mumbai, India. 

Deionized water 
(H2O) 

HPLC grade  7732-18-5 
In-house EMD Millipore Direct-Q 3 System, 
(Millipore Corporation, Bedford, MA). 

Methanol (MeOH) 
Laboratory 
grade 

67-56-1 Loba Chemie Pvt. Ltd., Mumbai 

Acetone 
Laboratory 
grade 

67-64-1 Loba Chemie Pvt. Ltd., Mumbai 

Pluronic® P85 9003-11-6 BASF Corporation, Mumbai 

TPGS® 1000 9002-96-4 
D-α-Tocopherol polyethylene glycol 1000 
succinate, Sigma Aldrich Inc., India 

Avicel® PH 102 9004-34-6 
Signet Chemical Corporation Pvt. Ltd., 
Mumbai 

L-HPC LH-11 9004-64-2 
Low-Substituted Hydroxypropyl Cellulose, 
Signet Chemical Corporation Pvt. Ltd., 
Mumbai 

Colloidal silicon 
dioxide (Aerosil®) 

200 Pharma 7631-86-9 Evonik India Pvt Ltd, Mumbai 

Magnesium stearate 
Pharma grade, 
IP, BP, USP-NF 

557-04-0 Patel Chem Specialties Pvt. Ltd., Ahmedabad 

KBr 
Laboratory 
grade 

7758-02-3 Loba Chemie Pvt. Ltd., Mumbai 

CMC 
DVP, 600 - 
1200 cps 

9000-11-7 Dipti Cellulose Pvt. Ltd., Jalgaon, India 

EDTA 
Laboratory 
grade 

60-00-4 Loba Chemie Pvt. Ltd., Mumbai 

tert-butyl-
methylether 

Laboratory 
grade 

1634-04-4 Loba Chemie Pvt. Ltd., Mumbai 

Nitrogen cylinder 
High purity, 
VCL SPL 

7727-37-9 Vadilal Chemicals Ltd. Bharuch 

Normal pellet diet 
(NPD) 

Food grade - Pranav Agro Industries Ltd., Vadodara, India 
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3.1.3 Ancillary apparatus and glassware used 

Name Specifications, Model and Make 

Volumetric flasks Class-A, Borosilicate glass, Durasil, Vadodara 

Beaker Borosilicate glass, Durasil, Vadodara 

Measuring cylinder Borosilicate glass, Durasil, Vadodara 

Desiccator Durasil, Vadodara 

Syringe filter Puradisc 25 syringe filters 0.2 µm, Whatman® 

Dialysis tubing Spectra/Por 7, MWCO 1000, RC, CN- 888-10969, Spectrum chemical mfg Corp.  

Thermometer L0108/10 (-10/+110°C)/ L0110/10(-10/+250°C) GH Zeal Ltd, UK 

Syringe & needle 22G, 3 cc, 1.5in, BD syringe, Mumbai 

Animal feeding 
needle 

18G, SS, curved round ball tip, oral feeding needle 

Micro Pipette 10-100μL and 100-1000μL with F1-ClipTip, Thermo Fisher Scientific, USA 

Vortex shaker Macro scientific works, Delhi 

Micro centrifuge 
tubes 

1.5 ml and 2 mL conical,  Recombigen Laboratories Pvt ltd, Delhi 

Micro collection 
tubes 

0.5 mL, EDTA, PreQ Systems, Mumbai 

Polybag - 

Glass mortar & 
pestle 

Borosilicate glass, Durasil, Vadodara 

Glass syringe Borosilicate glass, Durasil, Vadodara 

Animal wire cages - 

3.1.4 Major software used 

Name Version Publisher 

LC solution® 
software 

V-1.25 Shimadzu, Kyoto, Japan 

UV Prob® V-2.42 Shimadzu, Kyoto, Japan 

Design-Expert® V-10.0.1.0 State-Ease Inc., Minneapolis, MN, USA 

Design-Expert® V-11.0.4.0 State-Ease Inc., Minneapolis, MN, USA 

Minitab® V-17.1.0 Minitab Inc., PA, USA 

OriginPro® V-2018, b9.5.1.195 Origin Lab, Northampton, MA, USA 

PKSolver - 
Yong Zhang et. al., China Pharmaceutical University, 
No. 24, Tongjiaxiang, 210009 Nanjing, China 

DDSolver - 
Yong Zhang et. al., China Pharmaceutical University, 
No. 24, Tongjiaxiang, 210009 Nanjing, China 

Excel Analytical 
tool pack 

MS office 2016 Microsoft, USA 

MathType V-6.9b Design science Inc., USA 

EndNote V-X7.5 (Bld 9325) Thomson Reuters, USA 
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3.2 METHODOLOGY 

3.2.1 Preformulation study 

3.2.1.1 Organoleptic characteristic 

Physical evaluation of drug was performed by visual and sensory inspection. 

3.2.1.2 Melting point determination of pure drug 

Thin-walled capillary tubes are used to hold melting point samples. This tube was sealed at 

one end. To pack the tube, the open end was pressed gently into a small amount of the sample 

of the crystalline material on a watch glass. To transfer the crystals from the open end to the 

bottom of the tube, the bottom of tube was gently tapped on the benchtop. A densely packed 

column of crystals about 3 mm high in the tube is all that is required. The capillary tube 

containing the sample was inserted into a slot behind the viewfinder of a melting point 

apparatus (Figure 11). The heating rate was adjusted at 1 °C/min. The sample was carefully 

observed through the viewfinder. The reading of thermometer was recorded when all 

portions of the opaque solid have turned to a transparent liquid.[235] The experiment was 

performed in triplicate. 

    

    

Figure 11 Melting point determination 

3.2.1.3 Scanning of PTV by UV spectrophotometer 

Accurately weighed quantity of drugs (10 mg) was placed in 100 ml volumetric flask and 

made up the volume with methanol. From the stock solution, 1 ml of stock solution was 

taken and further diluted to 10 ml to obtain a solution with a concentration of 10 μg/ml. This 

solution was scanned in UV range from 200 to 400 nm using methanol as blank to determine 
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the λmax of drugs. Similarly, UV spectra were generated in different solvents like distilled 

water and phosphate buffer pH 6.8 (5 mL methanol was used as co-solvent to produce clear 

stock solution). 

3.2.1.4 FTIR spectrophotometric analysis 

FTIR spectra for the pure drug was recorded using an FTIR spectrophotometer (IRAffinity-

1, Shimadzu Corporation, Kyoto, Japan). Firstly, auto-zero was done using well dried Kbr. 

The physical mixture of KBr and Pitavastatin calcium (200:1) was placed on the crystal area 

(1 mm3) on the disc and then pressed using the metallic pressing disc. Then the sample was 

introduced in calibrated FTIR instruments. Identification of pure Pitavastatin calcium drug 

was studied by scanning the sample in the wavenumber range 4000-400 cm-1 and compared 

with the reference spectrum data[235-237] of Pitavastatin calcium. 

3.2.1.5 Particle size, polydispersity index, and zeta potential 

The particle size, polydispersity index, and zeta potential of the prepared formulations were 

determined by dynamic light scattering technique using Zetatrac (Microtrac Inc., USA). The 

analysis was carried out using deionized water as disperse media at 25 ± 1 °C.[238, 239] 

3.2.1.6 Differential scanning calorimetry (DSC) 

Differential scanning calorimetric analysis was performed on DSC-821e (Mettler Toledo, 

Switzerland).  Accurately weighed sample (5 mg) was placed in crimped aluminum pans 

and heated from 50°C to 250°C in a liquid nitrogen atmosphere at a heating rate of 

10°C/minute. Zinc-Indium was used as the standard substance. 

3.2.1.7 X-ray diffraction (XRD) study 

The X-ray diffraction (XRD) study was performed to evaluate the crystalline state of the 

powder sample. XRD pattern was recorded using an X-ray diffractometer (Xpert Pro MPD, 

Powder PAN analytical system, Almelo, Netherland) with Cu Kα radiation (1.5405 Å) at 40 

mA, 35 kV and Xcelerator detector with diffracted beam monochromator (Error! Reference 

source not found.). The 2θ compensating slit was calibrated using corundum. The result was 

recorded in PANalytical xrdml file and analyzed using OriginPro2018 software. The results 

of degree of crystallinity and relative degree of crystallinity of optimized batch and pure 

drug were calculated and compared. The degree of crystallinity and relative degree of 

crystallinity was calculated using the following equations:[240, 241] DegreeofCrystallinity(%) =  𝐴𝑐𝐴𝑇 × 100 …………………………………………….(5) 
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Where ‘Ac’ is an area of crystalline peaks, ‘Aa’ is an area of amorphous peaks, and ‘AT’ is 

the total area under the peak representing the area of amorphous peaks and area of crystalline 

peaks. Relativedegreeofcrystallinity = 𝐼𝐼𝐷𝑟𝑢𝑔 ……………………………………….(6) 

Where ‘I’ and ‘IDrug’ represent the degree of crystallinity of formulation under investigation 

and pure drug respectively. 

3.2.1.8 Scanning electron microscopy (SEM) 

The surface morphology of optimized batch nanoparticles and unprocessed drug were 

observed under scanning electron microscope (JSM-6010LA; JEOL, Tokyo, Japan). A 

sample was gold plated with sputter coater, placed on aluminum plates, and observed at an 

acceleration voltage of 15 kV. 

3.2.1.9 Drug-excipient compatibility study using FTIR analysis 

Sample preparation and equipment handling was performed as described in methodology 

section 3.2.1.4. The physical mixture of drug and excipients were analyzed for drug excipient 

compatibility study. The results were observed for any probable change in peak 

characteristics due to interaction with formulation excipients. 

3.3 ANALYTICAL METHOD DEVELOPMENT FOR PITAVASTATIN 

CALCIUM 

3.3.1 HPLC method development 

The in-house HPLC method was developed and validated.[242] HPLC method was used to 

quantify PTV in all samples, including assay and dissolution experiments. The estimation of 

Pitavastatin calcium (PTV) from pharmaceutical formulations has been conducted using 

several analytical methods including high-performance thin-layer chromatography,[202, 203, 

243] high-performance liquid chromatography,[201, 244, 245] and liquid chromatography–tandem 

mass spectrometry.[206, 246] However, there were no reports available in literature to develop 

a quantification method for  PTV using design of experiment (DoE) approach. 

The purpose of the optimization strategy is to acquire the maximum quality data while 

performing a minimum number of experiments. However, in traditional methodology, 

optimization is carried out by change in one or two parameters deliberately or by trial and 

error to rule out the relationship among chromatographic parameters. This methodology may 

become unpredictable and does not take account of possible synergistic effects among 
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variables. Besides this, literature surveys reported the utility of experimental design 

methodology for optimization of mobile phase composition which is more reliable and 

avoids the limitations of traditional methodology.[247-250] However, the objective of the 

experiment is mostly taken into consideration for appropriate selection of design. The 

present work was aimed to improve peak quality parameters by optimizing the mobile phase 

composition. This problem can be effectively resolved by mixture designs.[251-253] There are 

three types of established mixture designs: simplex-centroid design, simplex lattice design, 

and axial design. Furthermore, the design should be efficient to optimize inside the 

constrained simplex mixture space. Therefore, a simplex centroid mixture design with axial 

points in a pseudo-component representation was used in this study. Moreover, the 

developed method was also subjected to validation as per ICH guidelines. 

3.3.1.1 Chemicals and reagents 

Pitavastatin calcium reference standard was provided as a gift sample by Zydus Cadila, 

India. HPLC grade acetonitrile (ACN) and tetrahydrofuran (THF) were obtained from Merck 

Life Science Pvt. Ltd., Mumbai, India. The deionized water was obtained from the EMD 

Millipore Direct-Q 3 System (Millipore Corporation, Bedford, MA, USA). 

3.3.1.2 Instrumentation 

Shimadzu UFLC Prominence (Shimadzu, Kyoto, Japan) equipped with LC-20AD binary 

pump, PD-M20A PDA detector, and LC solution® software was used for the analysis. The 

separation was done using a C18 column (Phenomenex kromasil, 250×4.6 mm i.d., 5 μm 

particle size, 100 Å). The drug and all analytical chemicals were weighed on an electronic 

balance (AUW 220, Shimadzu Corporation, Kyoto, Japan). 

3.3.1.3 Mobile phase and sample preparation 

ACN and THF were taken into a volumetric flask and 3 pH water (H2O) was used to make 

up the volume of 500 mL. The pH of deionized water was adjusted using 0.1% v/v 

trifluoroacetic acid. A stock solution containing 500 µg/mL of PTV was prepared by 

dissolving in a mobile phase composed of ACN:H2O:THF (33:34:33, v/v/v). The working 

standard solution containing 1 μg/mL of PTV was prepared from above stock solution. To 

prepare sample stock solution (500 µg/mL), twenty tablets (2 mg PTV per tablet; Pivasta®, 

mfd. by Zydus Cadila, Ahmedabad, India) were weighed and pulverized. Powdered tablet 

equivalent to 5 mg of PTV was dissolved in mobile phase (5 mL) followed by sonication 

(15 min) and volume was made up to 10 mL. Placebo solution was also prepared similarly, 

but without PTV in the tablet. The obtained solution was clarified using membrane filter (47 
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mm, 0.45 µm). The working sample solution (5 µg/mL) was prepared by diluting 0.1 mL 

aliquot of stock solution to 10 mL with the mobile phase. Finally, PTV sample solution (1 

µg/mL) was prepared by diluting 2 mL aliquot of working sample solution to 10 mL with 

the mobile phase. 

3.3.1.4 Chromatographic procedure 

The flow rate (1mL/min), injection volume (20 µL), and concentration of solution (1 µg/mL) 

were maintained constant for all the batches. The detection wavelength was selected as 249 

nm based on the absorption maxima of the UV spectrum obtained from the chromatographic 

system (Figure 12). Identical environmental conditions (25˚C and 45% RH) were 

maintained during all the runs. 

 

Figure 12 UV spectrum of Pitavastatin calcium 

3.3.1.5 Software aided method optimization using mixture design 

The components of mobile phase were selected based on preliminary trials. From the pure 

mixture components (ACN, H2O, and THF), a simplex centroid design with axial points in 

a pseudo-component representation was generated. The pseudo-components are represented 

by X1 (48:50:2), X2 (38:60:2), and X3 (38:50:12), different proportions of ACN, H2O, and 

THF, respectively (Figure 13). The component proportions in each mixture sum to 100%, 

i.e., a volume of 100 mL. Table 11 represents the binary and ternary combinations of these 

pseudo-components. 

In the mixture optimization problem, the proportion of the ingredients is assumed to be the 

only factor responsible for measuring responses.  The responses were measured as Y1: 

Retention time (RT), Y2: Tailing factor (TF), and Y3: Theoretical plates (TP). Each possible 
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mixture compositions of mobile phase (Table 11) were tested one time in random order and 

center point run was replicated two more times to evaluate the residuals and lack-of-fit. 

 

Figure 13 The sub-region of the original mixture simplex design refined as a simplex in the 

pseudo-components (X1, X2, and X3)
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Table 11 Mobile phase compositions of mixture design and respective responses 

Sr. No. 

 
Composition of pseudo-components 

 
% Composition 

   

Space type 

 
X1 X2 X3 

 ACN: Water: 

THF 

   

1  1 0 0  48:50:2   V 
2  0 1 0  38:60:2   V 
3  0 0 1  38:50:12   V 
4  0.5 0.5 0  43:55:2   CE 
5  0.5 0 0.5  38:55:7   CE 
6  0 0.5 0.5  43:50:7   CE 
7  0.333 0.333 0.333  41.33:53.33:5.34   C 
8  0.667 0.167 0.167  44.67:51.66:3.67   ACB 
9  0.1667 0.6667 0.1667  39.67:56.66:3.67   ACB 

10  0.167 0.167 0.667  39.67:51.66:8.67   ACB 
11  0.333 0.333 0.333  41.33:53.33:5.34   C 
12  0.333 0.333 0.333  41.33:53.33:5.34   C 

ACN indicates: Acetonitrile; THF, Tetra hydro furan; V, Vertex; CE, Centers of edges; C, Center; ACB, Axial check blends; Y1, 
Retention time (RT); Y2, Tailing Factor (TF); Y3, Theoretical Plates (TP);  X1, (48:50:2); X2, (38:60:2); X3, (38:50:12) 

3.3.1.6 Statistical analysis setup 

Simplex design for mixture component optimization can be mathematically represented by 

equation 7, therefore response can be estimated experimentally for any combination of the 

mixture components [254, 255]: 

1 21
... 1; 0; 1,2,3,...

q

i q ii
x x x x x i q

=
= + + =  = ……………………………………….. (7) 

Where ‘q’ denotes the no. of mixture components and Xi denotes the fraction of ith 

component in the mixture. In widespread use, the standard forms of the mixture models are 
[256]: 

1
:

q

ii i
Linear y x

=
= …………………………………………………………………… (8) 

1
:

q q

i ij i iji i ji
Quadratic y x x x 

= 
= +  ……………………………………………... (9) 

1
: ( )

q q q q

i ij i j ij i j i j ijk i j ki i j i j i j ki
FullCubic y x x x x x x x x x x   

=    
= + + − +    ... 

(10) 

1
:

q q q

i ij i j ijk i j ki i j i j ki
SpecialCubic y x x x x x x  

=   
= + +   …………………...... (11) 

2 2 2
: 1

q q q q q
SpecialCubic y x x x x x x x x x x x xi ji ij i j i j i j i ji i j k i j k i j kijk k ijk k ijk ki

        = + + + +=      

..(12) 

Where, Y denotes the response variable, βi denotes the pure blend estimated response Xj = 0 

and Xi = 1 when i ≠ j. The linear blending portion is expressed as Ʃq
i =1 βi Xi. The parameters 

βij represent either antagonistic or synergistic effects arising from the nonlinear blending 

between component pairs. In mixture models, higher-order terms are often essential due to 

the large operability region and require elaborate model to explain the complex phenomenon. 
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3.3.1.7 Checkpoint analysis 

The desirability function approach was used to search for the optimized mixture 

composition. A selection from suggested mixture composition was done based on ease of 

mobile phase preparation (no decimal value for each component) and minimum use of THF 

was desired. Validation was performed by checkpoint analysis. A selected mixture 

composition was used to analyze the standard solution of PTV (1µg/mL) and evaluated for 

responses. 

3.3.1.8 System suitability study 

The system suitability was determined by injecting six replicates of standard solution (1 

µg/mL PTV). Various parameters like RT, PA (peak area), TF, and TP were evaluated. 

3.3.1.9 Method validation 

The method, after development, was validated as per ICH guidelines Q2 (R1) [257]. 

3.3.1.9.1 Linearity 

To assess the linearity of the proposed method, the concentration range 10-500 ng/mL was 

prepared by diluting 0.1, 0.2, 0.5, 1, 2.5, and 5 mL aliquots of working standard solution to 

10 mL with the mobile phase. Each solution was injected (20 µL, n = 6) and the peak area 

was recorded. The calibration curve was constructed by plotting peak areas versus 

concentrations of PTV. The linearity was expressed as a correlation coefficient by linear 

regression analysis. 

3.3.1.9.2 Sensitivity 

The limit of detection (LOD) and the limit of quantification (LOQ) of the drug were 

calculated using the following equations: 

3.3 /LOD S= ………………………………………………………………………... (13) 

10 /LOQ S= ………………………………………………………………………... (14) 

Where, S and σ represent the standard deviation of response and slope, respectively. 

3.3.1.9.3 Precision 

The sample solution (100 ng/mL) was injected (n = 6) on the same day to assess the 

repeatability. The intraday precision was performed at three different times in a day (i.e. 

morning, afternoon, and evening) while interday precision was evaluated three times in three 

consecutive days.  The three altered concentrations (50, 100, and 250 ng/mL; n = 3) were 

used to estimate intraday and interday precision. The percentage RSD was calculated from 

peak area. 
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3.3.1.9.4 Accuracy 

The recovery experiment of PTV was used to find the accuracy of the developed method. 

The accuracy of the method was determined by calculating recoveries of PTV by the 

standard addition method. In pre-quantified sample solution (100 ng/mL), a known amount 

of standard solutions of PTV (80, 100, and 120 ng/mL) were added. The quantity of PTV 

was measured using a calibration curve. 

3.3.1.9.5 Specificity 

The specificity of developed RP-HPLC method was scrutinized by injecting standard, 

sample, and placebo solution. They were compared to evaluate the interference between 

excipients and drug peak. 

3.3.1.9.6 Robustness 

The robustness of the proposed method was assessed by altering the organic solvent (ACN) 

content of the mobile phase, pH of water in the mobile phase, flow rate, detection 

wavelength, and extraction time of PTV. 

3.3.1.10 Analysis of marketed formulation 

The sample solution (1 µg/mL) of marketed tablet was prepared as per method given in 

‘Mobile phase and sample preparation’ section. A sample solution containing 1 µg/mL of 

PTV was analyzed (n = 6) and the average peak area was calculated to determine the drug 

content in marketed tablet. 

3.3.2 UV spectrophotometric calibration cure  

The stock solution of 100 μg/mL was prepared by dissolving 10 mg PTV in a small amount 

of respective co-solvent followed by 10 min sonication to generate clear solution and volume 

was makeup to 100 mL using respective solvent (Table 12). The working standard solutions 

were prepared by appropriate dilution of stock solution.  

Table 12 UV spectrophotometric calibration conditions for Pitavastatin calcium 

Solvent Co-solvent Range (µg/ml) Absorbance maxima (λmax) 

Methanol - 2 – 10 245 
Distilled water Methanol 2 – 10 245 

0.1N HCL Methanol 1 – 10 250 
PBS pH 6.8 Methanol 2 – 12 245 

Acetone - 1 – 10 331 

The absorbance of working standard solutions was recorded (n= 6) at respective absorbance 

maxima (λmax) using UV spectrophotometer (1800, Shimadzu, Kyoto, Japan). The 
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calibration curve was constructed by plotting absorbencies versus concentrations of PTV. 

The linearity was expressed as a correlation coefficient by linear regression analysis.  

3.4 SATURATION SOLUBILITY STUDY 

Saturation solubility study of pure drug and developed nanoformulation were performed 

using shake-flask method (Figure 14). Sufficient excess amount of sample was added to 10 

mL stoppered glass vial containing different solvent systems. To reach equilibrium, the glass 

vials were shaken at 50 RPM on a mechanical orbital shaker (PSI-06, Patel Scientific 

Instrument, Ahmedabad) for 24 h at room temperature. The sample solution was transferred 

to centrifuge tube and centrifuged for 20 min at 15000 rpm (C-24BL, Remi, Mumbai). The 

supernatant liquid was filtered using a syringe filter (Puradisc 25 syringe filters 0.2 µm, 

Whatman®). Finally, filtrate was diluted appropriately and analyzed for PTV concentration 

using UV spectrophotometer (UV-1800; Shimadzu, Kyoto, Japan) at 245 nm wavelength of 

solvent systems. 

  
Figure 14 Saturation solubility study of pure drug 

3.5 DEVELOPMENT OF PTV NANOPARTICLE FORMULATION 

3.5.1 Method of preparation of PTV nanoparticles 

The PTV nanoparticle suspension was prepared using the emulsion solvent evaporation 

technique (Figure 15). In this method, the organic phase was prepared by dissolving drug in 

an organic solvent. The aqueous phase was prepared by dissolving a stabilizing agent in 

deionized water. The aqueous phase was stirred in a 250 mL beaker at a specific stirring rate 

and temperature using a magnetic stirrer equipped with hot plate (RCT Basic, IKA India Pvt. 

Ltd., Bengaluru). Then, the organic phase was poured at a precise rate in the aqueous phase 

using syringe pump (Infusa 101P, Devay Medical Technologies, Vadodara). The obtained 

suspension was continuously stirred at the same temperature until complete evaporation of 

the organic phase. Finally, nanosuspension was immediately placed at -80 °C (Deep Freezer, 
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SU105UE, Undercounter, Stirling Ultracold, USA) for 12 hr and freeze-dried (MSW- 137, 

Macro scientific works, Delhi) at -40 °C for 48 h. The obtained nanoparticles were kept in a 

desiccator at 4 °C until further analysis. 

 

Figure 15. Process flowchart for nanoparticle development 

3.5.2 Screening of variables using Plackett-Burman design 

3.5.2.1 Selection of variables 

The prior scientific study was reviewed to identify the formulation and process variables for 
the current preparation method. The average particle size and polydispersity index (PDI) 
were considered as critical properties of nanoparticles since these properties are expected to 
influence its clinical efficacy. Seven formulation and process variables that affect the 
properties of nanoparticles were specified and included in the screening study Table 13. 
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Table 13. Selection of independent variables 

Sr. 

No. 

Independent 

Variables 
Range Reason for selection 

Formulation variables 

1 
Organic Phase 
type 

Acetone 
and 

Methanol 

A selected solvent should be able to dissolve the drug and 
miscible with an aqueous phase over the concentration range. 
Changing the solvent, not only alters the supersaturation 
conditions, but also affects viscosity and surface tension, and 
consequently changes the nucleation rate.[258] 

2 
Organic Phase 
volume 

6 – 12 mL 
The organic phase volume alters the drug concentration which 
could affect the particle characteristics. 

3 Stabilizer type 

Pluronic 
P85 
and 

TPGS -
1000 

It stabilizes the formed nanoparticle and stops further growth 
and aggregation by the free energy reduction, steric hindrance, 
and electrostatic stabilization.[259] Additionally, selected 
stabilizers have some permeation enhancing effect through P-
gp inhibition.[260] 

4 
Stabilizer 
concentration 

0.01-0.04 
% w/v 

A low concentration of stabilizer may not be sufficient and 
promotes discreet coating of nanoparticles while higher 
concentration may promote aggregation through depletion 
flocculation mechanism. [261] 

Process variables 

5 Stirring speed 
500-2500 

RPM 

The mechanical stirring helps to promote even degree of 
supersaturation and also intensifies micro-mixing which 
increases the rate of diffusions and mass transfer between 
multiphase systems. This favors the generation of small 
particles due to rapid and uniform nucleation.[262]  

6 
Temperature of 
aqueous phase 

30-65 °C 

The temperature affects the equilibrium saturation, 
supersaturation concentration, diffusion rate, and viscosity of 
the system. Additionally, the change in the temperature during 
nucleation also affects the physical property of 
nanoparticle.[262, 263] 

7 

Injection Flow 
rate (rate of 
organic phase 
addition) 

0.5-1.5 
mL/min 

The injection flow rate affects the extent of mixing per unit 
time which strongly influences the particle size 
distribution.[264] Furthermore, It also alters the degree of 
supersaturation and therefore strongly influences the 
nucleation rate and particle growth kinetics.[258]  

Variables kept constant 

8 Drug quantity 100 mg 
The drug quantity was kept constant (100 mg) for all batches 
of nanosuspension So that comparative observation can be 
drawn for each independent factor. 

9 

Final volume of 
Nanosuspension 
(aqueous phase + 
organic phase) 

50 mL 

In this study, the final volume of nanosuspension was kept 
constant (50 mL) and the volume of organic phase was varied 
thus the volume of an aqueous phase and its ratio to the organic 
phase gets varied by default. It allows us to an indirect 
estimation of the effect of ratio (organic phase to aqueous 
phase) on the physical properties of nanoparticles. 

3.5.2.2 Plackett-Burman design setup and analysis 

Plackett-Burman (PB) designs are very efficient screening designs when only the main 

effects are of interest. With the help of this design, the construction of very economical 

designs with the run number a multiple of four (rather than a power of 2).[265] PB designs are 

used for screening experiments because, in a PB design, the main effects are, in general, 

heavily confounded with two-factor interactions.  
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In the present study, we have used the Plackett-Burman design (PBD) for the screening of 

variables for the development of PTV nanoparticles. Seven factors at two levels were tested 

at 12 runs to study the effect of formulation and process variables on particle size and PDI 

(Table 14 and Table 15).  High and low levels of factors were decided according to previous 

study and review of data. Design expert® software (V-10.0.1.0, State-Ease Inc., Minneapolis, 

MN, USA) was used to generate and randomize the design matrix which is then statistically 

analyzed. The factor coefficients and significance of the model were evaluated through 

multiple regression analysis and ANOVA.  

Table 14. Plackett-Burman design setup for screening of variables  

Factor 

Code 
Factor Name 

Level 

Low (-1) High (+1) 

Independent Factors 

X1 Stabilizer type Pluronic P85 TPGS-1000 

X2 Stabilizer concentration (% w/v) 0.01 0.04 

X3 Organic phase type ACE MeOH 

X4 Organic phase volume (mL) 6 12 

X5 Stirring rate (RPM) 500 2500 

X6 Temperature of aqueous phase (ºC) 30 65 

X7 Injection flow rate (mL/min) 0.5 1.5 

Dependent Factor 

Y1 Particle size (nm) 

Y2 Polydispersity Index 
For all batches: The drug quantity was 100 mg, DM water was used as an aqueous phase and the total volume of nanosuspension 
was 50 mL. The nanoparticles were prepared using emulsion-solvent diffusion technique followed by freeze-drying. 

Table 15. Plackett-Burman screening design output matrix 

Batch 

Code 

Independent variables 

Stabilizer 

type 

Stabilizer 

con.  

(% w/v) 

Org. 

Phase 

Type 

Org. 

Phase 

Vol. 

(mL) 

Stirring 

rate 

(RPM) 

Temp. 

of Aqu. 

Phase 

(ºC) 

Inj. Flow 

Rate 

(mL/min) 

X1 X2 X3 X4 X5 X6 X7 

PNS1 TPGS-1000 0.01 MeOH 12 500 65 1.5 

PNS2 Pluronic P85 0.01 MeOH 6 2500 65 0.5 

PNS3 Pluronic P85 0.04 MeOH 6 2500 65 1.5 

PNS4 Pluronic P85 0.04 MeOH 12 500 30 0.5 

PNS5 Pluronic P85 0.04 ACE 12 2500 30 1.5 

PNS6 TPGS-1000 0.04 ACE 6 500 65 0.5 

PNS7 TPGS-1000 0.01 ACE 6 2500 30 1.5 

PNS8 Pluronic P85 0.01 ACE 12 500 65 1.5 

PNS9 TPGS-1000 0.01 MeOH 12 2500 30 0.5 

PNS10 TPGS-1000 0.04 ACE 12 2500 65 0.5 

PNS11 Pluronic P85 0.01 ACE 6 500 30 0.5 

PNS12 TPGS -1000 0.04 MeOH 6 500 30 1.5 
PS indicates: particle size; PDI, polydispersity Index; PNS, Pitavastatin nanoparticle screening batch; TPGS-1000, D-α-
Tocopherol polyethylene glycol 1000 succinate; MeOH, Methanol; ACE, Acetone; RPM, revolution per minute 
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3.5.3 Optimization of nanoparticle formulation using Box-Behnken design 

3.5.3.1 Box-Behnken design setup 

A response surface method, the Box-Behnken design (BBD) was applied to optimize PTV 

nanoparticle formulation. Design expert® 11.0.4.0 software (State-Ease Inc., Minneapolis, 

MN, USA) was used for statistical analysis and optimization.  

For optimization of nanoparticle formulation, the independent variables and their level 

settings were identified based on screening study (PB design) as described in previous 

section (section 3.5.2). The independent variables were X1: stabilizer concentration, X2: 

injection flow rate, and X3: stirring rate, while Y1: particle size, Y2: polydispersity index, and 

Y3: zeta potential were selected as dependent variables. As per the design total of 14 batches 

(12 design points and 2 additional center points to evaluate the lack of fit) were prepared by 

varying the factor levels. The details of all 14 batches (PNO1 - PNO14) are given in Table 

16 and Table 17. 

Table 16 Box Behnken design setup for optimization of PTV nanoparticles 

Factors 

code 
Name of factors Short Name Type Low (-1) High (+1) 

Independent Factors 

X1
 Stabilizer concentration (% w/v) Stb. Con. Numeric 0.02 0.06 

X2 Injection Flow Rate (mL/min) Inj. Flow Rate Numeric 0.2 0.8 

X3 Stirring rate  RPM Numeric 1500 3500 

Depended Factors 

Y1 Particle size (nm) PS 
Target was ~ 200 nm. Lower particle size 
is desired as it may improve solubility. 

Y2 Polydispersity index PDI 
Target was minimum PDI. Low PDI 
indicates the homogeneity of particle 
size. 

Y3 Zeta potential (mV) ZP 
Target was > +30 or < -30 mV. It ensures 
de-aggregation of particles. 

Constant parameters for all batches: 100 mg drug, 12 mL Acetone as an organic phase, 38 mL DM water as an aqueous phase, 65 °C 
aqueous phase temperature.  The nanoparticles were prepared using emulsion-solvent evaporation technique followed by freeze-drying. 
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Table 17. Box-Behnken design output matrix 

Batch 

Independent factors 

Stabilizer concentration 

(% w/v) 

Injection flow rate 

(mL/min) 

Stirring rate 

(RPM) 

X1 X2 X3 

PNO1 0.04 0.8 1500 
PNO2 0.04 0.5 2500 
PNO3 0.06 0.8 2500 
PNO4 0.02 0.2 2500 
PNO5 0.02 0.5 3500 
PNO6 0.06 0.2 2500 
PNO7 0.06 0.5 1500 
PNO8 0.02 0.5 1500 
PNO9 0.06 0.5 3500 

PNO10 0.04 0.2 1500 
PNO11 0.04 0.8 3500 
PNO12 0.04 0.2 3500 
PNO13 0.04 0.5 2500 
PNO14 0.02 0.8 2500 
Constant parameters for all batches: 100 mg drug, 12 mL Acetone as an organic phase, 38 mL DM water as an 
aqueous phase, 65 °C aqueous phase temperature.  The nanoparticles were prepared using the emulsion solvent 
evaporation technique followed by freeze-drying. 

3.5.3.1.1 Statistical analysis of Box Behnken design data 

Mathematical modeling was carried out by using below equation to obtain a Quadratic 

polynomial equation that describes the relationship of the dependent variables (Y1, Y2, and 

Y3) with independent variables (X1, X2, and X3). 𝑌𝑛 = 𝑏0 + 𝑏1𝑋1 + 𝑏2𝑋2 + 𝑏3𝑋3 + 𝑏12𝑋1𝑋2 + 𝑏13𝑋1𝑋3 + 𝑏23𝑋2𝑋3 + 𝑏11𝑋12 + 𝑏22𝑋22 + 𝑏33𝑋32………(15) 

where Yn is the dependent variable; X1, X2, X3 are the coded value of independent variables; 

b0 is the model constant, b1, b2, b3 are coefficients for main effect terms; b12, b13, b23 are 

coefficients for two-factor interaction terms; b11, b22, b33 are coefficients for quadratic terms. 

The positive sign of the model term in the above quadratic equation indicates an 

enhancement of response or a synergistic effect and vice versa. 

A full and reduced model for response Yn  was established by putting the values of 

regression coefficients in polynomial equation. Statistical soundness of the polynomial 

equations was established based on analysis of variance (ANOVA) statistics. Two-

dimensional contour plots and three-dimensional response surface plots were established 

by varying levels of two factors and keeping the third factor at fixed levels at a time. In 

this way, they are more helpful in understanding the actual interaction amongst the varying 

factors on the response parameter and are more meaningful. The 2-D contour plots and 

3-D response surface graphs were constructed using the Design expert software (Version 

11.0.4.0). 
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3.5.3.1.2 Validation of statistical design 

The experimental design and the reduced polynomial equation for the optimization of 

formulation were validated for their utility by performing checkpoint analysis. Values of 

independent variables (X1, X2, and X3) were taken from selected batches by substituting the 

values in the reduced polynomial equation. Statistical comparison between the predicted 

values and experimental values of the response parameters was performed to derive 

percentage error (% bias) and to evaluate significant difference between these values, 

ideally, it should be less than 10%. 

3.5.3.1.3 Optimization using design output 

The desired targets for responses were set to optimize the formulation (Table 18). For 

simultaneous optimization of dependent variables (Y1, Y2, and Y3), desirability function 

(multi-response optimization techniques) was applied and total desirability was calculated 

using Design expert® software. The desirability lies between 0 and 1 and it represents the 

closeness of a response to its ideal value. The total desirability is defined as a geometric 

mean of the individual desirability for responses (Y). If desired characteristics reach their 

ideal values, the individual desirability is 1 for independent variables. Consequently, the 

total desirability is also 1. 

Table 18 Target responses for selection of optimum formulation 

Response Variables Range Goal Remark 
Y1 Particle size (nm) 150 to 250 200 Lower particle size is desired as 

it may improve solubility. 
Y2 Polydispersity index (PDI) 0.1 to 0.5 Minimum Low PDI indicates the 

homogeneity of particle size. 
Y3 Zeta potential (mV) -20 to -15 Minimum It ensures de-aggregation of 

particles. 
Target desirability was ~1. 

3.5.3.1.4 Checkpoint analysis of selected batches 

Based on the set target (Table 18), the software suggested various composition of 

formulation starting with the highest desirability value. The checkpoint analysis (checkpoint 

batches: PNOB1 and PNOB2) was performed and % bias was calculated to validate the 

software output. A low value of percentage bias (< 10%) in case of checkpoint batch depicts 

that there is reasonable agreement in predicted and experimental values. Finally, the 

optimized composition of PTV nanoparticles was used for final formulation development 

and it was evaluated for physicochemical characteristics. 
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3.5.4 Characterization of optimized PTV nanoparticle 

3.5.4.1 Particle size, polydispersity index, and zeta potential 

The particle size analysis, polydispersity index, and zeta potential of optimized batch 

(PNOB1) were performed as described in section 3.2.1.5. 

3.5.4.2 Scanning electron microscopy analysis 

The scanning electron microscopy analysis of optimized batch (PNOB1) was performed as 

described in section 3.2.1.8. The resulted images were compared with pure drug image. 

3.5.4.3 X-ray diffraction analysis 

The X-ray diffraction analysis of optimized batch (PNOB1) was performed as described in 

section 3.2.1.7. The results of degree of crystallinity of PNOB1 and pure drug was calculated 

and compared. The relative degree of crystallinity was determined by following 

equation:[240] 𝑅𝐷𝐶 = 𝐼𝐼𝐷𝑟𝑢𝑔 …………………………………………………………………………………(16) 

Where ‘I’ is the crystallinity of formulation under investigation and ‘Idrug’ is the crystallinity 

for pure drug. 

3.5.4.4 Differential scanning calorimetry analysis 

The differential scanning calorimetry analysis of optimized batch (PNOB1) was performed 

as described in section 3.2.1.6. The resulted thermograph was compared with pure drug 

thermograph. 

3.5.4.5 Residual solvent content analysis 

The residual solvent acetone in the optimized batch (PNOB1) was analyzed using Shimadzu 

GC-2014 with headspace autosampler HT200H gas chromatograph (Shimadzu, Kyoto, 

Japan) with DB-624 fused silica column (30 m long, 0.53 mm internal diameter coated with 

3.0 µm film of 6 % Cyanopropylphenyl 94 % Dimethyl polysiloxane.) equipped with a 

G1540N-210 Flame-ionization detector (FID).  

The standard solution was prepared by accurately transferring 0.635 ml acetone into a 100 

ml volumetric flask containing about 70 ml of DMSO to the flask and dilute up to the mark 

with same solvent. Pipette out 2.0 ml of this standard solution into a 100 ml volumetric flask 

and dilute up to the mark with DMSO. Pipette out 5 ml of this solution into a headspace vial 

and sealed the vial immediately with PTFE septa. 5 ml of DMSO was used as a blank 

solution and placed into a sealed headspace vial. The test solution was prepared by weighing 
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accurately 100 mg of sample in headspace vial and dissolved using 5.0 ml of DMSO and 

vial was sealed immediately with PTFE septa. 

The conditions of GC analysis of chromatography were as follows: Column oven 

temperature was maintained at 40 °C for 4 min initially, and then raised at the rate of 10 

°C/min to 160 °C, which was maintained for 9 min at last. The injector and the detector 

temperatures were set at 150 °C and 290 °C, respectively. Nitrogen (Nitrogen for 

chromatography R.) was used as carrier gas at a flow rate of 25 mL/min. Headspace 

equilibration temperature was maintained at 105 °C for 30 min and transfer line temperature 

was maintained at 110 °C. Injection volume and syringe filing speed were 1 mL by 

headspace and 15 mL/min respectively. Run time was set at 25 min and GC Cycle time was 

set at 35 min. Finally, 1 mL sample was injected in gaseous phase from blank followed by 

test preparation and standard solution. Peak areas were used for obtaining quantitative 

data.[266] The calculation for residual solvent was performed using following equation: Acetone(ppm) =  (𝐴−𝐵)(𝐶−𝐵) × 𝑊𝑆𝑊𝑇 × 𝐷 × 106 ………………………………………..(17) 

Where, 
• A is peak area response of solvent in test preparation. 
• B is peak area response of solvent interference from diluent preparation. 
• C is peak area response of solvent in standard preparation. 
• D is dilution factor. 
• WS is weight of component in standard in mg. 
• WT is weight of sample taken in mg. 

3.5.4.6 % Yield 

The % yield of optimized batch (PNOB1) was calculated using following equation. %Yield =  𝑊𝑒𝑖𝑔ℎ𝑡𝑜𝑓𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑𝑛𝑎𝑛𝑜𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠𝑊𝑒𝑖𝑔ℎ𝑡𝑜𝑓𝑑𝑟𝑢𝑔+𝑊𝑒𝑖𝑔ℎ𝑡𝑜𝑓𝑠𝑡𝑎𝑏𝑖𝑙𝑖𝑧𝑒𝑟 × 100 …………………………..….(18) 

3.5.4.7 Assay 

The assay of optimized batch (PNOB1) was performed as described in HPLC method 

development section.  

3.5.4.7.1 Saturation solubility study 

The saturation solubility of optimized batch (PNOB1) was performed as described in section 

3.4.  
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3.6 DEVELOPMENT OF TABLET FORMULATION CONTAINING PTV 

NANOPARTICLES 

In general, oral administration is the first choice for the administration of drug nanocrystals. 

When a drug is given orally to the patients, the bioavailability finally depends on the 

solubility of the drug (class II drugs) and the absorption (class III and IV drugs) in the 

gastrointestinal tract.[170] The size-dependency comes only into effect for particles having a 

size below approximately 1µm (submicron particulate) a phenomenon observed in tableting 

that leads to an increase of the dissolution rate of such fine drug particles.[267] Thus the 

production of PTV nanoparticles could increase the poor solubility and slow dissolution of 

Pitavastatin and consequently lead to improved oral bioavailability. 

3.6.1 Method of preparation of tablets 

The formulations of the PTV tablets are shown in Table 19. The mass of each tablet prepared 

was calculated to have the same content of pitavastatin and a total mass equal to the marketed 

tablet. The tablet bulk mixture was prepared for 200 tablets. The freeze-dried PTV 

nanoparticles were mixed with tablet excipients using a polybag for 10 min. The tablets were 

prepared using direct compression using a 4 mm round shape flat-faced standard punch on 

a rotary tablet compression machine (Cemach Machineries Ltd, Ahmedabad). Batch code 

‘PNOB1-Tab’ represents tablets containing optimized batch of nanoparticles, ‘PTV-Tab’ 

represents tablets containing unprocessed pure drug PTV, ‘Marketed-Tab’ represents 

conventional marketed formulation. 

Table 19. Composition of pitavastatin calcium tablet formulations 

Batch Nanoparticles 

(PNOB1) 

PTV 

(Unprocessed) 

Excipients (mg) 

AV L-HPC A MS 

PNOB1-Tab 2.34 mg - 126.66 15 3 3 

PTV-Tab - 2.09 mg 126.91 15 3 3 

Marketed-Tab  2.09 mg * * * * 

AV= Avicel PH 102, L-HPC= Low-Substituted Hydroxypropyl Cellulose, A= Aerosil, MS = magnesium stearate, * not known. 
Assay of PNOB1 = 89.47 ± 0.29 %, 2.09 mg pitavastatin calcium is equivalent to 2 mg pitavastatin. Each tablet weight 150 
mg, Tablet was compressed by direct compression using a 4 mm round shape standard punch on a rotary tablet compression 
machine. 

3.6.2 Evaluation of tablet formulation  

3.6.2.1 Pre-compression evaluation for PTV tablets 

For pre-compression evaluation for PTV tablets, the powder blends were prepared by mixing 

all ingredients in polythene bag. The prepared powder blend of both batches was evaluated 
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for their angle of repose, bulk density, tapped density, compressibility index and Hausner’s 

ratio. The standard value for each parameter is presented in Table 20. 

Table 20 Interpretation of pre-compression Tests 

Flow 
Angle of Repose 

(degrees) 
Hausner’s Ratio 

Compressibility Index 

(Carr’s Index) 
Flow 

Character 

Excellent 25 – 30 1 – 1.11 10 Free 
Flowing 
>250µ 

Good 31 – 35 1.12 – 1.18 11 - 15 

Fair 36 – 40 1.19 – 1.25 16 - 20 

Passable 
(may hang-up) 

41 – 45 1.26 – 1.34 21 - 25 
Cohesive 

<100µ Poor 
(must agitate) 

46 – 55 1.35 – 1.45 26 - 31 

Very Poor 56 – 65 1.46 – 1.59 32 - 37 Very 
Cohesive 

<10µ Very Very Poor > 66 > 1.60 >38 

3.6.2.1.1 Bulk density 

The bulk density of a powder mixture was determined by measuring the volume of a known 

mass of powder sample (10 gm). 𝐵𝑢𝑙𝑘𝐷𝑒𝑛𝑠𝑖𝑡𝑦(𝜌𝐵𝑢𝑙𝑘) =  𝐵𝑢𝑙𝑘𝑤𝑒𝑖𝑔ℎ𝑡(𝑤)𝐵𝑢𝑙𝑘𝑉𝑜𝑙𝑢𝑚𝑒(𝑉0) ………………………………..………(19) 

3.6.2.1.2 Tapped density 

The tapped density of a powder mixture was determined by measuring the volume of a 

known mass of powder sample (10 gm) after 100 tapings. 𝑇𝑎𝑝𝑝𝑒𝑑𝐷𝑒𝑛𝑠𝑖𝑡𝑦(𝜌𝑇𝑎𝑝𝑝𝑒𝑑) =  𝐵𝑢𝑙𝑘𝑤𝑒𝑖𝑔ℎ𝑡(𝑤)𝑇𝑎𝑝𝑝𝑒𝑑𝑉𝑜𝑙𝑢𝑚𝑒(𝑉0) …………………………….(20) 

3.6.2.1.3 Hausner's ratio Hasner’sration = 𝑉0𝑉𝑓  …………………………………...……….………….(21) 

Where, Vo = bulk volume, Vf = tapped Volume 

 Hasner’sration = 𝜌𝑇𝑎𝑝𝑝𝑒𝑑𝜌𝐵𝑢𝑙𝑘  …………………………..………………………(22) 

Where, 𝜌𝐵𝑢𝑙𝑘 = bulk density, 𝜌𝑇𝑎𝑝𝑝𝑒𝑑 = tapped density 
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3.6.2.1.4 Compressibility Index (Carr’s Index) 

𝐶𝑎𝑟𝑟′𝑠𝐼𝑛𝑑𝑒𝑥 =  𝑉0−𝑉𝑓𝑉0 × 100 ……………………………………………….(23) 

Where, Vo = bulk volume, Vf = tapped Volume 

3.6.2.1.5 Angle of repose 

The angle of repose is defined as the maximum angle viable between the surface of a pile of 

the powder and horizontal base. The angle of repose of bulk powder or granules can be 

measured following equation. 𝜃 = tan−1 (ℎ𝑟) …………………………………………….…………………..(24) 

Where h = Height of Pile and r = radius of pile 

3.6.2.2 Post compression evaluation of PTV tablets 

Both batches (PNOB-TAB and PTV-TAB) of tablets of desired weight (150 mg) were 

compressed on rotary tablet press using direct compression method, 4 mm flat-faced 

standard round shaped punch. The prepared tablets of both batches were evaluated for their 

hardness, weight variation, friability, disintegration test, and assay. The results are presented 

as mean ± SD.  

3.6.2.2.1 Hardness testing 

The hardness of tablets was determined using a Pfizer hardness tester. The average hardness 

of five tablets from each batch was reported. 

3.6.2.2.2 Weight variation test 

Twenty tablets were selected at random, weighed, and average weight was calculated. Not 

more than two of the individual weights deviate from the average weight by more than the 

percentage shown in Table 21 and none deviates by more than twice that percentage. For 

150 mg tablet % difference allowed is 7.5% (Upper limit is 161.25 mg and Lower limit is 

138.75 mg). 

Table 21 Weight variation criteria as per IP 

Average weight of Tablet (mg) % Difference allowed 

80 or Less ± 10 

81 to 250 ± 7.5 

More Than 250 ± 5 
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3.6.2.2.3 Friability test 

For each formulation batch, a pre-weighed tablet sample (10 tablets) was placed in a 

friabilator (Electrolab, Mumbai, India), which is then operated for 100 revolutions. The 

tablets were de-dusted and reweighed. Compressed tablets that lose not more than 1% of 

their weight are considered acceptable. %𝐹𝑟𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 = 𝑊1−𝑊2𝑊1 × 100 ……………………………………………….(25) 

3.6.2.2.4 Disintegration test 

For each formulation batch, 6 tablets were placed in disintegration test basket (one tablet in 

each tube) and a disc was placed to each tube. The assembly was suspended in the beaker 

containing the phosphate buffer pH 6.8 maintained at 37 °± 2 °C temperature. The 

disintegration test apparatus was operated for 15 min. The tablets pass the test if all of them 

have disintegrated. If 1 or 2 tablets fail to disintegrate, repeat the test on 12 additional tablets 

or capsules; not less than 16 of the totals of 18 tablets tested disintegrate. 

3.6.2.2.5 Assay 

To prepare sample stock solution (500 μg/ml), 20 tablets were weighed and pulverized. 

Powdered tablet equivalent to 5 mg of PTV was dissolved in mobile phase (5 ml) followed 

by sonication (15 minutes) and volume was made up to 10 ml. The obtained solution was 

clarified using a syringe filter (Whatman® Puradisc 25 syringe filters 0.2 µm). The working 

sample solution (5 µg/ml) was prepared by diluting 0.1 ml aliquot of stock solution to 10 ml 

with the mobile phase. Finally, PTV sample solution (1 µg/ml) was prepared by diluting 2 

ml aliquot of working sample solution to 10 ml with the mobile phase. The sample solution 

(1 µg/ml) of marketed tablet was prepared as per the method described above “Mobile phase 

and Sample preparation” section. A sample solution containing 1 µg/ml of PTV was 

analyzed (n = 3) and the average peak area was calculated. The drug content was calculated 

from peak area using regression equation Y = 166.54x + 742.43 (R2 = 0.9993). %𝐴𝑠𝑠𝑎𝑦 = 𝑃𝑒𝑎𝑘𝐴𝑟𝑒𝑎+𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡𝑆𝑙𝑜𝑝 × 𝐷𝑖𝑙𝑢𝑡𝑖𝑜𝑛𝐹𝑎𝑐𝑡𝑜𝑟106 × 100𝑆𝑎𝑚𝑝𝑙𝑒𝑑𝑟𝑢𝑔𝑤𝑒𝑖𝑔ℎ𝑡(𝑚𝑔) ……………………(26) 

3.6.2.3 In-vitro dissolution test for tablets 

Drug release profiles from prepared and marketed tablets were determined using USP 

Apparatus I (Electrolab EDT-08Lx).[268] A tablet containing equivalent to 2 mg PTV, was 

introduced in a vessel with PBS pH 6.8 as the dissolution media (900 mL), maintained at 37 

± 0.5 ºC with a stirring rate of 35 RPM. Samples were taken at 5, 10, 15, 20, 30, 45, and 60 

min under sink condition.[268] The sample was clarified using a syringe filter (Whatman® 
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Puradisc 25 syringe filters 0.2 µm) and the filtrate was appropriately diluted. The amount of 

dissolved PTV was determined through HPLC (Shimadzu UFLC Prominence, Japan).[242] 

Six dosages of each formulation were analyzed. For this study, USP tolerances prescribed 

that not less than 80% of the contained amount of PTV must be dissolved in 45 min.  

3.6.2.3.1 Drug release kinetic 

3.6.2.3.1.1 Model independent approach 

The f2 similarity factor is approved by Food and drug administration (FDA) to compare the 

drug release profiles from the test formulations (PNOB1-TAB and PTV-TAB) and marketed 

formulation (Pivasta® 2 mg, Zydus Cadila). The f2 can be calculated using following 

equation. It has a value ranging between 50 and 100. The f2 values less than 50 indicate the 

dissimilarity between the release profiles of the drug from test and reference formulation and 

if f2 greater than 50 indicates similarity between the release profile of drug from test and 

reference formulation.[269] 

………………………………(27) 
Where, n is the sample number and Rt & Tt are the percentages of the reference and test drug 

release respectively, at different time intervals. 

3.6.2.3.1.2 Model dependent approach 

The mechanisms of the immediate release formulations were determined by different in-

vitro kinetics models: the zero-order, first-order.[270] The results are presented as mean ± SD. 

3.6.2.3.1.2.1 Zero order release 

Q = Q0 + K0t ………………………………………………………………………..(28) 

Where Q is the amount of drug release at time t, K0 is the zero order release constant, t is the 

time required for drug release. Regression value of plot of amount of drug release versus 

time t gives the idea of release mechanism. R2 value near to 1 indicates zero order release. 

3.6.2.3.1.2.2 First order release equation 

Ln (100-Q) = lnQ0-k1t …………………………………………………………….(29) 

Where Q is the amount of drug release at time t, K1 is first order release constant. The 

regression coefficient (R2) value was obtained from the log %ARR (amount remaining to 

release) versus time, nearer to 1 indicating first order release. 
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Another parameter used to characterize drug release profile is tx%. The tx% parameter 

corresponds to the time necessary for the release of a determined percentage of drug (e.g., 

t25%, t50%, and t80%). Pharmacopoeias very frequently use this parameter as an acceptance 

limit of the dissolution test (e.g., t ≥ 80%).[270] 

3.6.2.3.2 Dissolution efficacy  

The dissolution efficiency (DE) of a pharmaceutical different dosage form is defined as the 

area under the dissolution curve up to a certain time, t, expressed as a percentage of the area 

of the rectangle described by 100% dissolution at the same time. It can be calculated by the 

following equation:[271, 272] 

𝐷𝑖𝑠𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦(𝐷𝐸) = ∫ 𝑦𝑡0 ×𝑑𝑡𝑦100×𝑡 × 100% ………………………………….(30) 

Where ‘y’ is the drug percent dissolved at time ‘t’. 

The results were statistically evaluated using one-way ANOVA followed by a Tukey’s multiple 

comparison test. The test was considered to be statistically significant if P < 0.05, CI= 95% 

to detect the existence of significant differences between the averages. 

3.6.2.3.3 Mean dissolution time 

The mean dissolution time (MDT) can be calculated by the following equation:[270] 𝑀𝐷𝑇 =∑ �̂�𝑗∆𝑀𝑗𝑛𝑗=1∑ ∆𝑀𝑗𝑛𝑗=1  …………………………………………………………………….(31) 

where ‘j’ is the sample number, ‘n’ is the number of dissolution sample times, ‘tˆj’ is the 

time at midpoint between ‘tj’ and ‘tj-1’ (easily calculated with the expression (tj + tj-1)/2) and 

ΔM is the additional amount of drug dissolved between ‘ti’ and ‘ti-1’. 

The results were statistically evaluated using one-way ANOVA followed by a Tukey’s multiple 

comparison test. The test was considered to be statistically significant if P < 0.05, CI= 95% 

to detect the existence of significant differences between the averages. 

3.7 IN-VIVO PHARMACOKINETIC EVALUATION FOR PTV TABLETS 

The study was carried out in accordance with the committee for the purpose of control and 

supervision of experiments on animals (CPCSEA) guidelines. The protocol was approved 

by the institutional animal ethical committee, Vidyabharti Trust College of Pharmacy, 

Umrakh (CPSEA/VBT/IAEC/15/01/75). 
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3.7.1 Animal dose calculation 

The adult human dose of Pitavastatin calcium is 2 mg (Recommended dose) to 4 mg 

(Maximum Dose) per day.[159] The human dose was calculated by taking 60 kg average 

weight of human.  

So, Human Dose in mg/kg = Human Dose / Weight ……………..…………………(32) 

   = 4 mg / 60 kg 

   = 0.066 mg /kg 

 Animal equivalent dose (mg/kg) = Human equivalent dose (mg/kg) x 6.2 (Km factor for 

Albino wistar rats)[273] ……………………………..…………………………………(33) 

Animal equivalent dose (mg/kg) = 0.066 x 6.2  

     = 0.4092 mg/kg 

     = 400 µg /kg 

This dose was for the animal with 1000 gm weight. Thus, for the rat weighing between 150-

200 gm, the dose is ~ 60-80 µg/rat. 

3.7.2 Animal handling and dosing procedure 

The animals were housed at a temperature of 25 ± 3°C and 60 ± 5%RH. They were kept in 

wire cages with free access to feed and water ad libitum. The animals for the study were 

subjected to overnight fasting. The animals weighing 150-200 g were divided into 3 groups; 

PNOB1-Tab, PTV-Tab, and Marketed-Tab of 6 animals. Animals were treated orally with a 

dose of 400 µg/kg PTV of body weight. The samples were suspended in 0.5 % 

carboxymethyl cellulose (CMC) before administration. Blood samples (0.2 mL) were 

periodically collected from the retro-orbital plexus in ethylenediaminetetraacetic acid 

(EDTA) containing tube at 0.25, 0.5, 1, 1.5, 2, 4, 6, 8, 12, and 24 h after oral administration. 

The equal volume of normal saline was injected after each sampling to maintain the uniform 

blood volume. Plasma was separated by centrifugation at 5000 RPM for 10 min (3K30; 

Sigma Laborzentrifugen) and stored at -20°C until further analysis. 
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Figure 16 Animal handling procedure for in-vivo pharmacokinetic evaluation for PTV tablets 

3.7.3 Quantification of PTV in plasma samples 

The plasma (100 µl) was extracted with 100 µl acetonitrile and 200 µl tert-butyl-methyl 

ether and vortexed. Each sample was then centrifuged at 5000 RPM for 15 min. The obtained 

supernatant was transferred to another clean tube and was evaporated to dryness under a 

gentle stream of nitrogen. The residue was dissolved in 200 µl of the HPLC mobile phase 

and an aliquot of 20 µl was injected into the HPLC system to quantify the amount of drug. 

A mobile phase consisted of acetonitrile, water, and tetrahydrofuran in 43:55:2 v/v/v 

proportions with pH 3.0, maintained at a flow rate of 1.2 ml/min. The C18 analytical column 

(5.0 µm; 250 × 4.6 mm) (Kromasil, Phenomenex, USA) was employed for the estimation. 

PTV was quantified at 249 nm using a PDA detector. Calibration curve was obtained from 

10 to 1000 ng/ml (R2 = 0.9979). 

    

Figure 17 Quantification of PTV in plasma samples 

3.7.4 Pharmacokinetic data analysis 

The pharmacokinetic parameters Tmax, Cmax, area under the curve (AUC), elimination half-

life (t1/2), mean residence time (MRT) were determined by non-compartmental analysis 

using PKSolver 2.0.[274] One-way ANOVA followed by Tukey’s multiple comparison test. 

The test was considered to be statistically significant if P < 0.05, CI= 95% to detect the 

existence of significant differences between the averages. The relative bioavailability (F) was 

calculated by the following equation: 
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𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒𝐵𝑖𝑜𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦(𝐹) =  𝐴𝑈𝐶𝑡𝑒𝑠𝑡𝐴𝑈𝐶𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 × 100 …………………..……. (34) 

3.8 STABILITY STUDY 

3.8.1 Stability study for optimized PTV nanoparticles (PNOB1) 

The physical stability of optimized PTV nanoparticles (PNOB1) was evaluated at 4 °C and 

25 °C for three months.[275, 276] After 3 months, the samples were analyzed for particle size, 

polydispersity index, and zeta potential. Each sample was analyzed in triplicate and the 

results are presented as mean ± SD. 

3.8.2 Accelerated stability study for tablets containing PTV nanoparticle 

The stability study for tablets containing PTV nanoparticle (PNOB1-TAB) was evaluated as 

per ICH guideline. For stability study of nanoparticle-loaded tablets, were kept in a capped 

glass vial at two different conditions, 25 ± 2 °C/60 ± 5 %RH and 40 ± 2 °C/75 ± 5 %RH for 

3 months. The samples were evaluated at initial, 30 days, 60 days, and 90 days. The 

evaluation parameters were hardness, friability, disintegration time, assay, and % CDR at 45 

min. Additionally, the time required to % drug release (T50% and T80%) and similarity factor 

(f2) were compared between sampling intervals.     
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4 RESULTS AND DISCUSSIONS 

4.1 PREFORMULATION STUDY 

4.1.1 Organoleptic characteristic 

The drug sample was subjected to visual and sensory inspection to check color, odor, and 

appearance to confirm the identity of the drug sample. It was observed that the sample was 

off white, odorless, and crystalline (Table 22). The results comply with the standard as per 

Indian pharmacopoeia 2018[277] which confirms the identity of the drug sample. 

Table 22 Organoleptic characteristic observation 

Parameter Observed result Inference 

Colour Off white powder 
Complies with standard* which 

confirms the identity of drug 
sample 

Odor Odorless 

Appearance Crystalline powder 

* as per IP-2018 

4.1.2 Melting point determination of pure drug 

Melting point is one of the identifications and purity tests for organic substances. Hence, it 

was determined for the sample by the capillary method using melting point apparatus. It was 

observed that the melting point of sample was 192 ± 0.5 °C. The results comply with 

standard value (190°C-192°C),[235] which confirms the identity of the drug sample. 

Table 23 Results of melting point determination of pure drug 

Sample 
Melting Point (°C) 

Standard Value* 
Observed Value 

(mean ± SD) 

Pitavastatin calcium 190 -192 192 ± 0.5 

n= 3, *as per patent no. WO 2012/025939 

4.1.3 Scanning of PTV by UV spectrophotometer 

The λmax was determined by scanning the standard solution of PTV (10 μg/ml) through the 

UV range (200 to 400 nm) against blank and compared with the standard value. UV spectrum 

of PTV in methanol, distilled water, and phosphate buffer pH 6.8 showed maximum 

absorbance (λ max) at 245 nm (Figure 18)which further complies with the identity and purity 

of the drug sample.[277] 
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PTV (10ppm) in methanol 

 
PTV (10ppm) in distilled water 

 
PTV (10ppm) in PBS pH 6.8 

Figure 18 Scanning of PTV by UV spectrophotometer 

4.1.4 FTIR spectra of pure drug 

Major peaks of Pitavastatin calcium were observed at wavenumbers as described in Table 

24 and Figure 19. The characteristic peaks of drug appear in spectra of pure drug were 

within wave number described in standard reference data,
[278]

 which complies identity and 

purity of drug sample. 

Table 24. FTIR analysis for pure drug and physical mixture of PTV with excipients 

Functional group 
Standard Frequency 

(cm
-1

) 

Observed 

Frequency 

Pure Drug 

(cm
-1

) 

O- H Stretching 3650-3200 3315 

Aromatic C-H stretching 3000-2853 2893 

O=C=O Stretching 2349 2345 

O-H bending 1440-1395 1433 

C-F stretching 1400-1000 1076 

C-N stretching 1250-1020 1219 
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Figure 19 FTIR spectra of Pitavastatin calcium 

4.1.5 DSC analysis of pure drug 

The DSC thermogram of Pitavastatin calcium is depicted in Figure 20. PTV unprocessed 

exhibited a sharp endotherm at 192.15 °C attributed to its crystalline nature, it also complies 

with the identity and purity of drug sample. 

 
Figure 20 DSC thermogram of Pitavastatin calcium pure drug 
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4.1.6 Particle size analysis of pure drug 

The result of particle size (PS) analysis is shown in Table 25 and Figure 21. The mean 

particle size of PTV was found to be 5122.3 ± 122.32 nm with 0.881 ± 0.08 poly-dispersity 

index which indicates larger particle size with heterogeneous PS distribution. The value -

0.81 ± 0.01 mV of zeta potential indicates the cohesive nature of material. The low surface 

area of larger particles may impact the saturation solubility of drug due to larger diffusional 

distance and so low concentration gradient and thus it may lead to obstruction in dissolution 

characteristics.[170]  

Table 25 Results of particle size analysis for PTV Pure Drug 

Sample Particle size (nm) Poly-dispersity index Zeta potential (mV) 

PTV Pure Drug 5122.3 ± 122.32 0.881 ± 0.08 -0.81 ± 0.01 

Where, n=3, PTV; Pitavastatin calcium 

 
Figure 21 Particle size analysis graph for PTV Pure Drug 

4.1.7 XRD analysis of pure drug 

The X-ray diffraction (XRD) scan of PTV pure drug showed intense peaks of crystallinity 

Figure 22.  The crystallinity for PTV pure drug powder was found to be 83.02 (Table 26). 

The crystalline nature might have a significant effect on the drug solubility and hence 

dissolution characteristics.[279] 

Table 26 Results of XRD analysis for PTV pure drug 

Sample 
Area of Crystalline 

Peaks 

Area of All 

Peaks 

Degree of 

Crystallinity 

Pure Drug (PTV) 1258.42 1515.87 83.02 

Where, PTV; Pitavastatin calcium 
 

 



Chapter- 4 Results and Discussions 

81 Vinodkumar D. Ramani                                         PhD Thesis 

 

  

 

  

 
A) XRD spectra of PTV pure 

 
B) Crystallinity calculation for Pure drug TPV using OriginPro 

2018 software 
Figure 22 Results of XRD analysis for PTV pure drug 

4.1.8 SEM analysis of pure drug 

SEM and microscopic analysis are primarily useful for giving a clearer image of the surface 

morphology of the specimen. The SEM and microscopic image of PTV pure drug powder is 

depicted in Figure 23. From the image, it is very much clear that the Pitavastatin calcium 

pure drug having crystalline morphology with needle shape crystals. Furthermore, there is a 

vast range of particle size distribution. 

 
45X Microscopic image 

 
1000X SEM image 

 
10000X SEM image 

Figure 23 SEM and microscopic analysis of pure drug 

4.1.9 FTIR drug-excipient compatibility analysis  

FTIR spectroscopy study of pure drug and physical mixtures with excipients were conducted 

to detect the existence of possible interaction between drug and excipients. The characteristic 

peaks of the drug appear in the spectra of the physical mixture of drug and excipients (Table 

24) were near to standard frequency of functional groups
[278]

 which indicates no interaction 

between the drug and the excipients. 
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Figure 24 FTIR spectra for physical mixture of PTV and all formulation excipients 

Table 27. FTIR analysis for pure drug and physical mixture of PTV with excipients 

Functional group 
Standard Frequency 

(cm
-1

)
 [278]

 

Observed Frequency 

(cm
-1

) 

Pure Drug 
Physical 

Mixture 

O- H Stretching 3650-3200 3315 3356 

Aromatic C-H stretching 3000-2853 2893 2883 

O=C=O Stretching 2349 2345 2345 

O-H bending 1440-1395 1433 1591 

C-F stretching 1400-1000 1076 1427 

C-N stretching 1250-1020 1219 1219 

4.1.10 Assay of pure drug  

The result of the assay determination of PTV pure drug was found to be 99.40 ± 0.044 %. 

Which complies with the standard limit of 98% to 102% as per Indian pharmacopoeia 

2018.[277] 

Table 28 Assay determination of PTV Pure drug 

Sample 
Assay (mg) % assay 

1 2 3 1 2 3 average SD 

PTV  

(Pure drug) 
24.84 24.85 24.86 99.34 99.41 99.45 99.40 0.044 

SD, Standard Deviation where, n=3; Regression equation Y = 0.085X - 0.0023 R2 = 0.9997); 
For Pure PTV bulk drug assay limit is 98% to 102% as per IP 2018 
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4.1.11 HPLC method development for Pitavastatin calcium 

The preliminary investigation suggested that the mobile phase composition acetonitrile-

water (pH 3.0)-tetrahydrofuran showed good chromatographic separation with symmetrical 

peak and reproducible results. 

4.1.11.1 Optimization of mobile phase composition using simplex centroid design 

4.1.11.1.1 Model fitting and regression analysis 

The reasonable impacts of independent variables were observed in all the cases while 

performing the experiments in random order (Table 29). The results were fitted to different 

mixture models and the residual errors were estimated to examine the goodness of fit for 

each model. The software suggested that the best fitted model was special quartic for Y1 and 

Y3 while the quadratic model for Y2. The model summary statistics are given in Table 30. 

The regression coefficients for each of the responses are shown in Table 31. A positive value 

denoted an effect that favored the optimization, while a negative value indicated an inverse 

relationship between the factor and the response. The polynomial equation of full model was 

generated for each response (Equation 35, 36, and 37). 

Table 29 Response results of mixture design 

Run 

 
Composition of pseudo-

components 

 

% Composition 

 

Responses 

  

Space 

type 

 
X1 X2 X3 

 ACN: Water: 

THF 

 Y1: 

RT 

Y2: 

TF 

Y3: 

TP 

  

1  1 0 0  48:50:2  4.13 1.236 6129  V 

2  0 1 0  38:60:2  6.60 1.227 7699  V 

3  0 0 1  38:50:12  4.97 1.205 7182  V 

4  0.5 0.5 0  43:55:2  4.99 1.287 7026  CE 

5  0.5 0 0.5  38:55:7  5.64 1.188 7467  CE 

6  0 0.5 0.5  43:50:7  4.52 1.22 6740  CE 

7  0.333 0.333 0.333  41.33:53.33:5.34  5.10 1.242 7090  C 

8  0.667 0.167 0.167  44.67:51.66:3.67  4.48 1.243 6755  ACB 

9  0.1667 0.6667 0.1667  39.67:56.66:3.67  5.65 1.255 7408  ACB 

10  0.167 0.167 0.667  39.67:51.66:8.67  4.98 1.203 7154  ACB 

11  0.333 0.333 0.333  41.33:53.33:5.34  5.07 1.254 7230  C 

12  0.333 0.333 0.333  41.33:53.33:5.34  5.07 1.24 7143  C 
ACN indicates: Acetonitrile; THF, Tetra hydro furan; V, Vertex; CE, Centers of edges; C, Center; ACB, Axial check blends; 
Y1, Retention time (RT); Y2, Tailing Factor (TF); Y3, Theoretical Plates (TP);  X1, (48:50:2); X2, (38:60:2); X3, (38:50:12) 
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Table 30 Model summary statistics for responses 

Responses Models SD R2 Adjusted R2 PRESS 

Y1: RT 

Linear 0.52 0.4710 0.3534 4.86 

Quadratic 0.19 0.9499 0.9081 3.75 

Special Cubic 0.21 0.9516 0.8935 7.20 

Cubic 0.052 0.9982 0.9935 4.31 

Special Quartic 0.052 0.9982 0.9935 4.31 

Quartic 0.017 0.9999 0.9993 + 

Y2: TF 

Linear 0.022 0.4675 0.3492 0.010 

Quadratic 0.0071 0.9614 0.9293 0.0029 

Special Cubic 0.0062 0.9755 0.9462 0.0025 

Cubic 0.0067 0.9827 0.9364 0.014 

Special Quartic 0.0067 0.9827 0.9364 0.014 

Quartic 0.0075 0.9857 0.9211 + 

Y3: TP 

Linear 329.23 0.4614 0.3417 1999000 

Quadratic 108.34 0.9611 0.9287 1021000 

Special Cubic 116.28 0.9627 0.9179 1940000 

Cubic 57.74 0.9945 0.9798 24174.86 

Special Quartic 57.74 0.9945 0.9798 24174.86 

Quartic 70.68 0.9945 0.9697 + 
SD indicates: Standard deviation; R2, Regression coefficient; PRESS, Predicted residual error 
sum of squares; Y1, Retention time (RT); Y2, Tailing Factor (TF); Y3, Theoretical Plates (TP) 

Table 31 Summary of results for regression analysis 

Response Model 
Model term 

X1 X2 X3 X1X2 X1X3 X2X3 X
2
1X2X3 X1X

2
2X3 X1X2X

2
3 

Y1: RT 
Special 

 Quartic 

FM 4.12 6.59 4.96 -1.53 4.33 -5.09 -37.15 40.61 3.53 

p-value 0.0002 0.0092 0.0004 0.0003 0.0058 0.0045 0.5489# 

RM 4.12 6.59 4.97 -1.52 4.36 -5.06 -35.74 42.02 - 

Y2: TF Quadratic 

FM 1.23 1.23 1.20 0.25 -0.11 0.04 - - - 

p-value 0.0004 0.0002 0.0116 0.2616# - - - 

RM 1.23 1.23 1.21 0.25 -0.11 -    

Y3: TP 
Special 

 Quartic 

FM 6129.25 7699.25 7182.25 448.99 3246.99 
-

2801.01 
-17146.56 23029.44 

-
1666.56 

p-value 0.001 0.210# 0.001 0.002 0.061# 0.029 0.794# 

RM 6131.68 7701.68 7178.80 446.95 3233.19 
-

2814.81 
-17808.39 22367.61 - 

Y1 indicates Retention time (RT); Y2, Tailing factor (TF); Y3, Theoretical plates (TP); FM, Full model; RM, Reduced model; #, Not significant (P>0.05) 

 

Polynomial equation for full model 

2
1 2 3 1 2 1 3 2 3 1 2 3

2 2
1 2 3 1 2 3

4.12 6.59 4.96 1.53 4.33 5.09 37.15

40.61 3.53

RT x x x x x x x x x x x x

x x x x x x

= + + − + − −

+ +
……………… (35) 

1 2 3 1 2 1 3 2 31.23 1.23 1.20 0.25 0.11 0.04TF x x x x x x x x x= + + + − + ………………….…….... (36) 

1 2 3 1 2 1 3 2 3

2 2 2
1 2 3 1 2 3 1 2 3

6129.25 7699.25 7182.25 448.99 3246.99 2801.01

17146.56 23029.44 1666.56

TP x x x x x x x x x

x x x x x x x x x

= + + + + −

− + −
…….. (37) 
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Table 32 Calculations for testing the model in portions 

 Source SS df MS 
F 

Value 
p-value R2 Adj R2 F statistic 

Y1: RT 

Regression 
FM 4.54 8 0.57 210.56 0.00049 0.9982 0.9934 

FCal = 0.444 
FTab = 10.128 
DF = (1, 3) 
α = 0.05 

RM 4.54 7 0.65 278.65 < 0.0001 0.998 0.9944 

Residual 
FM 0.0081 3 0.0027     

RM 0.0093 4 0.0023     

Lack of Fit 0.0087 2 0.0044 14.52 0.0644   

Pure Error 0.0006 2 0.0003     

Y2: TF 

Regression 
FM 0.00768 5 0.001537 29.92 0.00036 0.9614 0.9293 

FCal = 1.569 
FTab = 5.987 
DF = (1, 6) 
α = 0.05 

RM 0.00761 4 0.001901 34.38 0.00011 0.9516 0.9239 

Residual 
FM 0.00031 6 0.000051     

RM 0.00039 7 0.000055     

Lack of Fit 0.00027 5 0.000054 0.9504 0.5845   

Pure Error 0.00011 2 0.000057     

Y3: TP 

Regression 
FM 1801172.46 8 225146.56 67.53 0.0027 0.9945 0.9798 

FCal = 0.081 
FTab = 10.128 
DF = (1, 3) 
α = 0.05 

RM 1800900.26 7 257271.47 100.16 0.0003 0.9943 0.9844 

Residual 
FM 10001.79 3 3333.93     

RM 10273.99 4 2568.50     

Lack of Fit 281.32 2 140.66 0.0282 0.9726   

Pure Error 9992.67 2 4996.33     

Y1 indicates Retention time (RT); Y2, Tailing factor (TF); Y3, Theoretical plates (TP); SS, sum of squares; df, Degrees of 
freedom; MS, mean of squares; F, Fischer's ratio; R2, Regression coefficient; FM, Full model; RM, Reduced model; FTab, 
Table value of F; FCalc, calculated value of F. Details of calculations are shown by Mendenhall W and Sincich. 

The statistical validity of the polynomial equation was established based on ANOVA. Table 

32 shows the results of ANOVA and lack of fit tests where the F-value for Y1 = 210.56, Y2 

=29.92 and Y3Y3 =67.53 and the value of R2 for Y1 = 0.9982, Y2 = 0.9614 and Y3 = 0.9945.  

Values of ‘p’ less than 0.05 indicates that model terms are significant except for responses 

Y1, model terms X1X2X
2
3 (p value: 0.5489), for Y2, model term X2X3 (p value: 0.2985) and for 

Y3, model term X1X2 (p value: 0.210), X2
1X2X3 (p value: 0.061) and X1X2X

2
3 (p value: 0.794) 

showed an essential model reduction to improve the model (Table 31). 

The generated reduced model was tested by F statistics in portions. The reduced model 

polynomial equations (equation 38, 39, and 40) were generated for Y1, Y2 and Y3: 

Polynomial equation for reduced model 

2 2
1 2 3 1 2 1 3 2 3 1 2 3 1 2 34.12 6.59 4.97 1.52 4.36 5.05 35.74 42.02RT x x x x x x x x x x x x x x x= + + − + − − + …. (38) 

1 2 3 1 2 1 31.23 1.23 1.21 0.25 0.11TF x x x x x x x= + + + − …………………………………………... (39) 

1 2 3 1 2 1 3 2 3

2 2
1 2 3 1 2 3

6131.68 7701.68 7178.80 446.95 3233.19 2814.81

17808.39 22367.61

TP x x x x x x x x x

x x x x x x

= + + + + −

− +
………. (40) 
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The 3D surface and contour plots were created using Design expert® software for better 

understanding of the effect of the variables (Figure 25). The overlaid contour plot was 

generated as per the desired targets for the optimum response variables represented by 

yellow zone (Figure 26). 

 
Figure 25 Contour and 3D surface plot for RT (Y1), TF (Y2), and TP (Y3) 

 
Figure 26 Overlaid contour plot for RT (Y1), TF (Y2), and TP (Y3) 
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Figure 27 Validated experimental chromatogram 

4.1.11.1.2 HPLC mobile phase optimization 

The desired targets for responses were set to optimize the formulation. Target ranges in 

response Y1 ≥ 4.5, Y2 ≤ 2, and Y3 ≥ 6000. Based on this, the software suggested the various 

compositions of the mobile phase starting with the highest desirability value. The optimized 

mobile phase batch (OC), ACN:H2O:THF (43:55:2, v/v/v), was selected with desirability 

value 1. These compositions were used for HPLC run and responses were evaluated. 

Similarly, experimental design and polynomial equations were validated by checkpoint 

analysis of validation batch (VC), (38:50:12, v/v/v). The % bias between predicted and 

experimental value for OC and VC is given in Table 33. 

Table 33 Checkpoint analysis of experimental design 

Responses 

 

Result category 

 Selected Mixture Composition 

(ACN:H2O:THF) 

43:55:2 (OC) 38:50:12 (VC) 

Y1: RT 

 Predicted  4.97 4.97 
 Experimental  4.82 5.43 
 % Bias  3.01 8.40 

Y2: TF 

 Predicted  1.295 1.206 
 Experimental  1.22 1.206 
 % Bias  5.79 0 

Y3: TP 

 Predicted  7028 7178 
 Experimental  6881 7104 
 % Bias  2.08 1.03 

Y1Y1 indicates: Retention time (RT); Y2, Tailing Factor (TF); Y3, Theoretical Plates (TP); ACN, Acetonitrile; THF, 
Tetrahydrofuran; OC, optimized batch composition; VC, validation batch composition 

4.1.11.2 System suitability 

The results of the system suitability test show that the % RSD of RT, PA, TF, and TP were 

found to be 0.429, 1.919, 0.703, and 1.091, respectively (Table 34). 
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Table 34 System suitability parameters 

Parameters Mean ± SD %RSD 

RT (min) 4.82 ± 0.02 0.429 

PA 168937.17 ± 3242.55 1.919 

TF 1.22 ± 0.01 0.703 

TP 6692.5 ± 73.02 1.091 
n=6, RSD indicates: Relative standard deviation; RT, Retention time; TF, 
Tailing factor; TP, Theoretical Plates; PA, Peak area reproducibility 

4.1.11.3 HPLC method validation 

PTV showed a good correlation in the linearity range of 10–500 ng/mL (R2 = 0.9993) for the 

developed HPLC method. The linear regression equation was y = 166.54x + 742.43. 

Repeatability of the method was found to be 0.893–1.676 (%RSD, n = 6). Intraday and 

interday precision were found to be 0.839–1.534 (%RSD, n = 3) and 0.88–1.405 (%RSD, n 

= 3), respectively (Table 36). The result of recovery studies used to assess the accuracy of 

the developed HPLC method is presented in (Table 36). The LOQ and LOD were found to 

be 5.907 and 1.949 ng/mL, respectively. Standard (1 µg/mL), sample (1 µg/mL), and placebo 

solutions were injected into the HPLC system to check the specificity. The peak purity was 

found to be 99.99% and no extra peaks were found within retention time around 5 min. The 

result of robustness study shows that the % RSD of the various selected parameters was 

found to be less than 2 (Table 37). 

 

Figure 28 HPLC calibration curve for PTV 
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Figure 29 HPLC chromatographs of calibration range 
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Table 35. Instrumentation and chromatographic procedure 

Parameter Value 

System Shimadzu UFLC Prominence (Kyoto, Japan) 

Pump LC-20AD, Binary 

Detector  PD-M20A PDA 

Software  LC solution 

Column  C18 column (kromasil, 250×4.6 mm, 5 μm, 100 Å) 
Mobile phase  43:55:2 v/v/v (ACN:H2O:THF) 

pH 3 (adjusted using 0.1% TFA) 

Flow rate  1mL/min 

Injection volume  20 µL 

Concentration of solution  1 µg/mL 

Detection wavelength 249 nm 

Table 36 Summary of validation parameters for the proposed HPLC method 

Parameters Results Inference 

Linearity 

Method was linear 
Linearity range (ng/mL) 10-500 

Correlation coefficient (r2) 0.9993 

Regression equation  y = 166.54x + 742.43 

Sensitivity 

Method was sensitive LOD (ng/mL) 1.949 

LOQ (ng/mL) 5.907 

Precision (%RSD) 

Method was precise 

Repeatability Mean ± SD % RSD 

50 8980.83 ± 80.23 0.893 

100 17713.6 ± 199.21 1.125 

250 41110.5 ± 689.16 1.676 

Intraday 

50 8989 ± 75.44 0.839 

100 17726.07 ± 178.37 1.006 

250 41139 ± 631.17 1.534 

Inter day 

50 8972.67 ± 78.92 0.88 

100 17686.96 ± 217.91 1.232 

250 41032.11 ± 576.31 1.405 

Accuracy 

Method was accurate 
80 98.97 ± 0.83 0.841 

100 100.14 ± 0.96 0.963 

120 100.48 ±  0.32 0.314 

Robustness (% RSD) Flow Rate, pH, 
Extraction time, 
Mobile phase Ratio 

< 2.0 
Method was robust 

n=6 for SD   
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Table 37 Robustness study 

Parameters 

 

Normal 

Condition 

 

Change in 

condition 

 %RSD 

RT Area TP 

Flow rate (mL/min) 1  ± 0.2  1.446 1.601 1.786 
pH 3 ± 0.2 pH  1.136 0.454 1.526 
Mobile phase ratio 
(ACN:H2O:THF) 

43:55:02 ± 1 % 
 

1.772 1.226 1.811 

Extraction time (min) 15 ± 5  0.315 0.845 0.191 
n=6, RSD indicates: Relative standard deviation; RT, Retention time; TP, Theoretical Plates; ACN, 
Acetonitrile; THF, Tetrahydrofuran 

4.1.11.4 Analysis of marketed dosage form 

The chromatogram showed the PTV peak at retention time 4.82 ± 0.02 min, peak area 

168937.17 ± 3242.55, tailing factor 1.22 ± 0.01, and theoretical plates 6692.5 ± 73.02. The 

drug content was found to be 99.12% (% RSD ± 0.09). 

4.1.11.5 Discussion for HPLC method development results 

The selection of mobile phase components was based on preliminary investigations and 

literature survey. Acetonitrile (ACN), methanol (MeOH), and tetrahydrofuran (THF) were 

tested as the organic phase modifying solvents. These investigations revealed that with a 

change in the organic modifier from MeOH to ACN, the peak symmetry was improved. 

Moreover, addition of THF with ACN resulted in sharper peak and enhanced resolution. The 

finding also showed that pH adjustment was essential to improve the peak symmetry. The 

fact that PTV is an acidic compound which requires the mobile phase pH below its pKa for 

better resolution and sharper peak. To achieve 3 pH of the aqueous phase, 5% 

orthophosphoric acid (OPA) and 1% trifluoroacetic acid (TFA) were tested. The splitting of 

peak was observed with 5% OPA while 1% TFA showed sharper peak with adequate 

resolution. 

4.1.11.5.1 Optimization of mobile phase composition using simplex centroid design 

A simplex centroid design with axial points in a pseudo-component representation was used 

to optimize mobile phase composition. The simplex centroid design is boundary point 

design. The prediction about mixture properties can appropriately describe if more runs in 

the interior of the simplex. Hence, the usual simplex design was augmented by axial runs. 

Additionally, the overall centroid was augmented because it was not a design point. 

The polynomial equations generated from experimental design were validated by ANOVA 

and F statistics. ANOVA result and lack of fit tests of the models for all responses are shown 

in Table 32. It has also indicated significant effects of the independent factors (p > F) on 

response Y1, Y2 and Y3. The larger F-value recommends that the data fit to the model which 
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were significant and leads to good correlation with high R2 value. For all responses, adjusted 

and predicted R2 values were in reasonable agreement, which suggests that the mathematical 

model describes the data adequately. However, certain model terms for Y1, Y2 and Y3 having 

p>0.05 require model reduction to improve the model. Removal of these insignificant terms 

improved the model for Y1 and Y2. Although, in the case of Y3, removal of all three 

insignificant terms, the model was not hierarchical and therefore X1X2 was replaced back in 

the model. 

The F statistics in portion was used to test the generated reduced model. It shows that the 

FTab was greater than the FCal for all the responses indicating that the reduced term (Y1: β1233, 

Y2: β23, Y3: β1233) does not contribute significantly to the prediction of responses. Therefore, 

it was omitted from the full model (Table 32). An insignificant lack of fit for all responses 

also implies that the models were adequate for the prediction with the range of experimental 

variables. 

A positive sign in the polynomial equation favored relationship between the factor and the 

response while a negative sign showed the diminished effect on response. One can draw 

conclusion from the mathematical model itself if the main terms are significant. Direct 

interpretation of reduced polynomial equations may lead to errors since interaction and 

polynomial terms were also significant. Therefore, contour and response surface plots were 

drawn. Nonlinear relationship is visible in all contour and 3D surface plots (Figure 25). 

Design space was identified based on the highest and the lowest range of variables. These 

plots were helpful in constituting desired responses and mixture compositions. In two-

dimensional view of the contour plots, constant responses were connected to construct the 

contour line. On the other hand, a 3D view of the surface plot served clearer picture of the 

response surface. 

From the contour plot of RT (Figure 25), the zone located towards the X2 shows maximum 

response. The proportion of aqueous phase (water) plays an important role in the mixture for 

delaying the RT. This may be due to increase in mobile phase polarity by water [280]. In case 

of TF (Figure 25), desired response was observed towards the vertices of X1 and X3. This 

indicated that ACN and THF component in the mixture are responsible for decreasing the 

TF. However, content of THF in the mobile phase mixture was significantly responsible for 

minimizing the TF. Furthermore, Figure 25 shows the negative effect of X1 on TP whereas 

the addition of X2 aids to improve the TP. At certain extent X3 also contribute to the 

improvement of TP. This effect may be attributed to the pH of the water, which contributed 
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to minimizing the ionization of elute. The overlaid contour plot can be used to select specific 

regions where all the mixture components are within optimum values. 

The desirability function approach was employed to scrutinize the optimized mobile phase 

composition with desired responses. The optimized mobile phase composition (OC) with 

near to one desirability, demonstrating its effectiveness in reaching the desired targets. The 

experimental design was validated by checkpoint analysis. The low % bias (<10 %) shows 

reasonable agreement between predicted and experimental values of OC and VC (Table 33). 

The chromatogram of PTV using optimized mobile phase composition shows a sharp peak 

with desired retention time, least tailing, and high theoretical plates (Figure 27). These 

demonstrate the importance of current modeling approach in the establishment of an optimal 

analytical method. 

These results also suggest the success of experimental design along with desirability 

approach for mobile phase composition optimization. 

4.1.11.5.2 System suitability and method validation 

The RSD values for system suitability parameters were found to be <2%, indicating the 

suitability of the instrument for the developed method (Table 34). The correlation 

coefficient (R2= 0.9993) of the PTV calibration curve indicates the excellent relationship 

between concentration and peak area. It was observed that the LOD and LOQ values 

obtained were lower for this method, probably because of the good sensitivity for PTV. The 

developed method was validated and the results show low RSD (<2%) indicating a high 

degree of accuracy and precision. The identical spectrum was found for standard pure drug 

and drug extracted from formulation indicates the peak purity. The peak purity was found to 

be 99.99%, which suggests that the developed method is specific. The %RSD (<2%) for 

robustness study suggests that the selected factors (RT, PA, and TP) were unaffected by 

small variations in the parameters. 

4.1.11.6 Conclusions of HPLC method development 

The results showed that the dependence of peak quality parameters on mobile phase 

composition. This mobile phase composition was successfully optimized using a simplex 

centroid mixture design with desirability approach. Additionally, the developed method with 

an optimized mobile phase (Acetonitrile: 3 pH Water: Tetrahydrofuran, 43:55:2) is 

validated, less time-consuming, and user friendly for the quantification of PTV in bulk and 

tablet samples.    
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4.1.12 UV spectrophotometric calibration cure for Pitavastatin calcium 

The results of regression analysis and respective coefficients are given in Table 38 and 

Table 39. The correlation coefficients (R2) of the PTV calibration curves indicate the 

excellent relationship between concentration and absorbencies. 

Table 38 Results of UV spectrophotometric calibration for Pitavastatin calcium 

Conc. 
(µg/mL) 

Absorbance (nm) 

Average ± SD 

 Methanol Distilled water PBS pH 6.8 0.1N HCL Acetone 

1 - - - 0.1019 ± 0.0058 0.0252 ± 0.0009 

2 0.1714 ± 0.00008 0.1401 ± 0.0009 0.1313 ± 0.0008 0.1793 ± 0.0013 0.0361 ± 0.0008 

4 0.3365 ± 0.00012 0.2901 ± 0.0085 0.2851 ± 0.0037 0.3171 ± 0.0147 0.0552 ± 0.0024 

6 0.5013 ± 0.00034 0.4375 ± 0.0011 0.4533 ± 0.0015 0.4996 ± 0.0049 0.0764 ± 0.0034 

8 0.6814 ± 0.00033 0.5744 ± 0.0067 0.5946 ± 0.0003 0.6352 ± 0.0073 0.0922 ± 0.0082 

10 0.8495 ± 0.00026 0.6993 ± 0.0018 0.7498 ± 0.0004 0.8023 ± 0.0019 0.1276 ± 0.0040 

12 - - 0.9273 ± 0.0006 - - 

n = 6    
 

Table 39 Results of regression analysis for UV calibration data for Pitavastatin calcium 

Solvent Co-solvent Range 

(µg/ml) 

Absorbance 

maxima (λmax) 

Regression equation Regression 

coefficient (R2) 

Methanol - 2 – 10 245 y = 0.0851x - 0.0023 0.9997 

Distilled water Methanol 2 – 10 245 y = 0.0701x - 0.0074 0.9986 

0.1N HCL Methanol 1 – 10 250 y = 0.0778x - 0.0207 0.9988 

PBS pH 6.8 Methanol 2 – 12 245 y = 0.0788x - 0.02 0.9992 

Acetone - 1 – 10 331 y = 0.0778x - 0.0207 0.9857 

 

 

 

 

 
- 
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Figure 30 PTV UV calibration curve and respective overlay chromatographs in different 

solvents     
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4.1.13 Saturation solubility study of pure drug 

The results of saturation solubility (SS) study of pure drug in different solvents are shown 

in Table 40. In distilled water and PBS 6.8 saturation solubility of PTV was found to be 

0.00894 ± 0.0012 mg/mL and, 0.129 ± 0.008 mg/mL respectively, indicates poor aqueous 

solubility. While in methanol and acetone saturation solubility of PTV was found to be 

17.812 ± 1.213 mg/mL and 19.344 ± 0.321 mg/mL respectively. 

Table 40 Saturation solubility study of pure drug in different solvents 

Solvent system 

Saturation solubility   

for PTV pure drug (mg/ml) 

Average ± SD 

Distilled water 0.00894 ± 0.0012 

PBS 6.8 0.129 ± 0.008 

Methanol 17.812 ± 1.213 

Acetone  19.344 ± 0.321 

n = 3 
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4.2 DEVELOPMENT OF PTV NANOPARTICLE FORMULATION 

4.2.1 Screening of variables using Plackett-Burman design 

4.2.1.1 Plackett-Burman design results and analysis 

In the present study, we have used the Plackett-Burman design (PBD) for the screening of 

variables for the development of PTV nanoparticles. The results of PBD 12 runs are 

presented in Table 41.  The reasonable variations between each run were observed for both 

the response variables. Further analysis was performed using Design expert® software (V-

10.0.1.0, State-Ease Inc., Minneapolis, MN, USA). The factor coefficients and significance 

of the model were evaluated through multiple regression analysis and ANOVA. The 

polynomial equation to determine the effect of the factors on the response is given below: 𝑌 = 𝑏0 + 𝑏1𝑋1 + 𝑏2𝑋2 + 𝑏3𝑋3 + 𝑏4𝑋4 + 𝑏5𝑋5 + 𝑏6𝑋6 + 𝑏7𝑋7 …………………………..(41) 

Where, Y is the dependent variable while b0 is the intercept, bi (b1 to b7) represents the 

regression coefficient for the first order polynomial and Xi represents the levels of 

independent formulation variables. The magnitude and direction of factor coefficients in the 

above equation explain the nature of the effect of factors on the response Y. 

Table 41. Plackett-Burman screening design output matrix with results 

Batch 

Code 

Independent variables 
Dependent 

variables 

Stabilizer 

type 

Stabilizer 

con.  

(% w/v) 

Org. 

Phase 

Type 

Org. 

Phase 

Vol. 

(mL) 

Stirring 

rate 

(RPM) 

Temp. 

of 

Aqu. 

Phase 

(ºC) 

Inj. Flow 

Rate 

(mL/min) 

PS 

(nm) 
PDI 

X1 X2 X3 X4 X5 X6 X7 Y1 Y2 

PNS1 TPGS-1000 0.01 MeOH 12 500 65 1.5 743.4 0.453 
PNS2 Pluronic P85 0.01 MeOH 6 2500 65 0.5 503.2 0.443 
PNS3 Pluronic P85 0.04 MeOH 6 2500 65 1.5 390.9 0.402 
PNS4 Pluronic P85 0.04 MeOH 12 500 30 0.5 390.8 0.354 
PNS5 Pluronic P85 0.04 ACE 12 2500 30 1.5 305.3 0.319 
PNS6 TPGS-1000 0.04 ACE 6 500 65 0.5 324.3 0.226 
PNS7 TPGS-1000 0.01 ACE 6 2500 30 1.5 576.4 0.439 
PNS8 Pluronic P85 0.01 ACE 12 500 65 1.5 768.5 0.55 
PNS9 TPGS-1000 0.01 MeOH 12 2500 30 0.5 450.7 0.305 

PNS10 TPGS-1000 0.04 ACE 12 2500 65 0.5 113.1 0.068 
PNS11 Pluronic P85 0.01 ACE 6 500 30 0.5 647.2 0.508 
PNS12 TPGS -1000 0.04 MeOH 6 500 30 1.5 545.6 0.435 
PS indicates: particle size; PDI, polydispersity Index; PNS, Pitavastatin nanoparticle screening batch; TPGS-1000, D-α-Tocopherol polyethylene 
glycol 1000 succinate; MeOH, Methanol; ACE, Acetone; RPM, revolution per minute 
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Figure 31 Screening batches of PTV nanoparticles (PNS1-PNS12) 

A 

 

B 

 

Figure 32. Pareto chart for A) Particle size (Y1) and B) Polydispersity index (Y2) 

Table 42. Regression analysis for dependent variables 

Independent variables 

 

Particle size (Y1) Polydispersity index (Y2) 

Coefficient P-Value 
% 

Contribution 
Coefficient P-Value 

% 

Contribution 

Intercept 480.03 < 0.0001 - 0.3752 0.0002 - 

X1 - Stabilizer type -21.12 0.0068 1.33 -0.0542 0.0003 18.30 

X2 - Stabilizer con. -134.87 < 0.0001 54.47 -0.0745 < 0.0001 34.62 

X3 - Org. phase type 24.23 0.0041 1.75 0.0235 0.0071 3.44 

X4 - Org. phase vol. -17.9 0.0120 0.95 -0.0337 0.0019 7.07 

X5 - Stirring rate -90.1 < 0.0001 24.31 -0.0458 0.0006 13.10 

X6 – Temp. of aq. phase -6.13 0.2093 0.11 -0.0182 0.0172 2.05 

X7 – Inj. flow rate 74.98 < 0.0001 16.83 0.0578 0.0002 20.86 
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4.2.1.1.1 Effect analysis of variables on particle size (Y1) 

The particle size of all prepared batches was in ranges from 113.1 to 768.5 nm (Table 41). 

The reasonable impacts of independent variables were observed in all the cases while 

performing the experiments in random order. The regression output for particle size (Y1) is 

presented in Table 42. The R2 value was 0.9980 indicating a good fit. The analysis of 

variance (ANOVA) revealed a statistical difference between the batches. A regression 

coefficient is said to be significant if the p-value is less than 0.05 (95% CI). From the result 

(Table 42), it is evident that stabilizer concentration, stirring rate, and injection flow rate 

significantly affect the particle size which is again confirmed by respective % contribution 

value (Table 42) and Pareto chart (Figure 32-A). The term effect plot (Figure 33) shows 

the factor’s main effect and the effect of significant factor on the particle size. When the 

smaller particle size is desired within selected factor range, factors X2 and X5 have negative 

coefficients which indicate that decreasing the factor value increases the response which 

means that decreasing stabilizer concentration and stirring rate increases the particle size of 

nanoparticles. Contrarily, factor X7 has positive coefficients which indicate that increasing 

the factor value increases the response which means that increasing the injection flow rate 

increases the particle size of nanoparticles. Besides that, the coefficient of factor X2 is higher 

as compared to that of X5 and X7, which shows that factor X2 has a more significant effect on 

particle size of nanoparticles compared to that of X5 and X7.  

The stabilizer type, TPGS-1000 favors the smaller particle size compared to that of Pluronic 

P85. This may be owing to a higher value of critical micellar concentration (CMC) of TPGS-

1000. In the organic phase, acetone favors the smaller particle size compared to that of 

methanol. This may be due to higher saturation solubility of PTV in acetone. Higher 

saturation solubility generates the profound driving force for the formation of particles 

during the process by unbalancing molecular interactions between organic phase, solute, and 

aqueous phase.[261] Additionally, the results show that a higher volume of organic phase (12 

mL) slightly favors (% contribution is 0.95) smaller particle size associated, maybe because 

it further decreases the drug concentration in organic phase. The effect of aqueous phase 

temperature (X6) was found to be insignificant (P>0.05) with a negative coefficient. 
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Figure 33. Term effect plot for particle size (Y1) 

4.2.1.1.2 Effect analysis of variables on polydispersity index (Y2) 

Results of the polydispersity index (PDI) for all batches of Plackett-Burman screening 

design are given in Table 41. Table 42 shows the regression analysis output for PDI. The 

R2 value was 0.9947 indicating a good fit. The analysis of variance (ANOVA) revealed a 

statistical difference between the batches. A regression coefficient is said to be significant if 

the p-value is less than 0.05 (95% CI).  

From the result (Table 42), it is evident that stabilizer concentration (P = 8.71 × 10-5), 

stirring rate (P = 0.0006), and injection flow rate (P = 0.0002)  significantly affect the particle 

size which is again confirmed by respective % contribution value (Table 42) and Pareto 

chart (Figure 32-B). The term effect plot (Figure 34) shows the factor’s main effect and the 

effect of significant factor on the particle size. When the lower PDI is desired within selected 

factor range, factors X2 and X5 have negative coefficients which indicate that decreasing the 

factor value increases the response which means that decreasing stabilizer concentration and 

stirring rate increases the PDI of nanoparticles. Opposite to that, factor X7 has positive 

coefficients which indicate that increasing the factor value increases the response which 

means that increasing the injection flow rate increases the particle size of nanoparticles. 

Besides that, the coefficient of factor X2 is higher as compared to that of X5 and X7, which 

shows that factor X2 has a more significant effect on particle size of nanoparticles compared 

to that of X5 and X7. During the emulsion solvent evaporation, high energy surfaces are 

generated which leads to aggregation or particle growth. Nevertheless the existence of 
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stabilizers that instinctively conceal the freshly generated high energy surface consequences 

in the decrease of surface energy and so enthalpy of system and therefore reduces uneven 

particle growth owing to steric stabilization.[259] The increase in stirring rate effects in 

particle size reduction since the intensification of micromixing. Higher micromixing 

efficacy improved the rate of diffusion and the mass transfer between the multiphase, imparts 

greater homogenous supersaturation in a very short time, and thus to rapid and uniform 

nucleation, producing smaller drug particles with narrow size distribution.[262] 

The stabilizer type, TPGS-1000 significantly reduces the PDI compared to that of Pluronic 

P85. The organic phase type, acetone favors the smaller particle size compared to that of 

methanol. This may be due to changes in the solvent type not only alters the supersaturation 

during evaporation phases but also affects viscosity and surface tension, which also changes 

the nucleation rate.[258] Additionally, the results show that a higher volume of organic phase 

(12 mL) marginally (% contribution is 7.07) favors reduced PDI, maybe because it further 

decreases the drug concentration in organic phase and thus prevents uneven particle growth. 

The temperature of aqueous phase (X6) was found to have the least effect on PDI with a 

negative coefficient.  The ‘factors’ responsible for the major variability were affirmed as the 

active or influential variables, while others were termed as noise variables. 

 

Figure 34. Term effect plot for Polydispersity index (Y2) 
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4.2.1.2 Conclusion of screening experiment 

Based on PB design analysis (Figure 32 and Table 42), the stabilizer concentration, stirring 

rate, and injection flow rate were the most critical factors which affect the particle size and 

polydispersity index of nanoparticle formulation. Additionally, less influential factors like 

stabilizer type (TPGS-1000), organic phase type (acetone), organic phase volume (12 mL), 

organic phase type (acetone), organic phase volume (12 mL), and temperature (65 °C) were 

set at a favorable level. The subsequent experimentation was performed using these critical 

parameters to understand and analyze the nature of interactions among them using response 

surface methods. 

❖ Based on screening design following factors kept constant: 

➢ Stabilizer type: TPGS 1000 

➢ Organic phase type: Acetone 

➢ Organic phase volume: 12 mL 

➢ Temp. of aqueous phase: 65 ºC 

❖ Based on screening design following factors needs to be further optimization: 

➢ Stabilizer concentration (% w/v): 0.04 ± 0.02 (0.2 to 0.06) 

➢ Injection flow rate (mL/min): 0.5 ± 0.3 (0.2 to 0.8) 

➢ RPM: 2500 ± 1000 (1500 to 3500) 
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4.2.2 Optimization of nanoparticle formulation using Box-Behnken design 

4.2.2.1 Box-Behnken design results 

A response surface method, the Box-Behnken design (BBD) was applied to optimize PTV 

nanoparticle formulation. The results of BBD, 14 runs are presented in Table 43.  The 

reasonable variations between each run were observed for all three response variables. 

Further analysis was performed using Design expert® 11.0.4.0 software (State-Ease Inc., 

Minneapolis, MN, USA). The factor coefficients and significance of the model were 

evaluated through multiple regression analysis and ANOVA. 

Table 43. Box-Behnken design setup and results 

Batch 

Independent factors Dependent factors 

Stabilizer 

concentration  

(% w/v) 

Injection 

flow rate 

(mL/min) 

Stirring 

rate 

(RPM) 

PS (nm) PDI ZP (mV) 

X1 X2 X3 Y1 Y2 Y3 

PNO1 0.04 0.8 1500 485.2 0.512 -14.7 

PNO2 0.04 0.5 2500 309.1 0.181 -17.0 

PNO3 0.06 0.8 2500 736.4 0.493 -14.2 

PNO4 0.02 0.2 2500 104.2 0.191 -21.9 

PNO5 0.02 0.5 3500 199.4 0.165 -15.1 

PNO6 0.06 0.2 2500 372.7 0.316 -18.2 

PNO7 0.06 0.5 1500 688.5 0.418 -12.1 

PNO8 0.02 0.5 1500 245.4 0.211 -16.8 

PNO9 0.06 0.5 3500 572.3 0.341 -9.9 

PNO10 0.04 0.2 1500 188.2 0.392 -17.7 

PNO11 0.04 0.8 3500 456.8 0.433 -12.8 

PNO12 0.04 0.2 3500 149.4 0.382 -15.9 

PNO13 0.04 0.5 2500 328 0.187 -17.4 

PNO14 0.02 0.8 2500 256.2 0.238 -19.2 
RPM, revolution per minute; PS, particle size; PDI, polydispersity index; ZP, zeta potential. 
For all batches: The drug quantity was 100 mg, 12 mL of Acetone as organic phase, 38 mL of 
deionized water as an aqueous phase. The nanoparticles were prepared using the emulsion 
solvent evaporation technique followed by freeze-drying. 

4.2.2.2 Box-Behnken design analysis 

It was observed that in all cases there exists a reasonable impact of independent variables. 

A quadratic model consisting of main and interactive effects was used to estimate the 

response. The factor coefficients and significance of the model were evaluated through 

multiple regression analysis and ANOVA (Table 44). The model F ratios were statistically 

significant with R2 value in the range of 0.9614 - 0.9982. For all responses, adjusted and 

predicted R2 values were in reasonable agreement, demonstrating the mathematical model 

describes the data adequately. However, certain model terms for all three responses having 
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p > 0.05 require a model reduction to improve the more precise predictive ability of the 

model (Table 44). Removal of these insignificant terms improved the model for all three 

responses. The F statistic in portion was used to test the generated reduced model. The result 

shows that the Fcritical at α = 0.05 (Y1, Fcritical = 6.59; Y2, Fcritical = 6.94; Y3, Fcritical = 6.39) is 

greater than Ftabulated, indicates that the term (b12, b13, b22, b33) for Y1, (b13, b11) for Y2 and b12, 

b13, b23, b11) for Y3, does not contribute significantly to the prediction of responses and 

therefore can be omitted from the full model (Table 45). However, to maintain the hierarchy 

of model b22 term Y1 was not omitted in the reduced model. Furthermore, the reduced model 

shows a lower p-value compared to the full model favors the reduced model for further 

optimization. Additionally, an insignificant lack of fit for all responses also implies that the 

models were adequate for the prediction with the range of experimental variables.  

Direct interpretation of reduced polynomial equations may lead to errors since interaction 

and quadratic terms are also significant. Therefore, 2D contour and 3D surface plots were 

generated. A nonlinear relationship is visible in all contour and surface plots (Figure 35). It 

offers a rational understanding of the plausible interaction(s) among the variables and helps 

to identify the design space by generating an overlaid contour plot (Figure 36).  

Table 44. Regression Analysis for BBD Design 

Coefficient 

code 

Y1: PS Y2: PDI Y3: ZP 

FM RM FM RM FM RM 

Coefficient p-value  Coefficient Coefficient p-value  Coefficient Coefficient p-value  Coefficient 

b0 318.55 0.0004 342.7 0.184 0.0001 0.176 -17.2 0.0001 -16.95 

b1 195.59 < 0.0001 195.59 0.095 < 0.0001 0.095 2.325 < 0.0001 2.325 

b2 140.01 0.0001 140.01 0.049 0.0003 0.049 1.6 0.0001 1.6 

b3 -28.68 0.0386 -28.68 -0.027 0.0027 -0.027 0.95 0.0006 0.95 

b12 52.93 0.0167 52.93 0.033 0.0046 0.033 0.325 0.0798 ns  - 

b13 -17.55 0.2593ns  - -0.008 0.2436 ns -  0.125 0.4199 ns  - 

b23 2.6 0.8552 ns  - -0.017 0.0384 -0.017 0.025 0.8662 ns -  

b11 77.66 0.0065 71.63 -0.01 0.1813 ns  - 0.3125 0.1151 ns -  

b22 -28.84 0.1258 ns -34.88 0.136 < 0.0001 0.138 -1.4875 0.0007 -1.55 

b33 30.19 0.1134 ns  - 0.11 0.0001 0.112 3.4125 < 0.0001 3.35 

PS, particle size; PDI, polydispersity index; ZP, zeta potential; FM, full model; RM, reduced model; ns, not significant (p > 0.05) 
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Figure 35. Contour and 3D surface plots for responses (For Y1, Y2, and Y3) 
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Table 45. Model testing summery 

Model parameters 
Y1: PS Y2: PDI Y3: ZP 

FM RM FM RM FM RM 

df 8 6 8 7 8 5 
F-value 79.27 83.83 167.84 152.24 178.34 178.15 
p-value (model) 0.0004 < 0.0001 0.00009 < 0.0001 0.0001 < 0.0001 
r2 0.994 0.986 0.997 0.994 0.998 0.991 
p-value (Lack of Fit) 0.294 0.216 0.515 
Fcalculated 1.95 2.23 2.59 
Fcritical (α=0.05) 6.59 6.94 6.39 
PS, particle size; PDI, polydispersity index; ZP, zeta potential; FM, full model; RM, reduced 
model 

 

 

Figure 36. Overlay contour plot with design space & optimized batch flag 

4.2.2.2.1 Effect of stabilizer concentration 

The stabilizer concentration shows a significant effect on PS (Y1) and PDI (Y2) ranging from 

104.2 to 736.4 nm and 0.165 to 0.512 respectively. The positive coefficient of stabilizer 

concentration (X1) indicates that the PS and PDI of nanoparticles increase with increase in 

X1 values. This could be attributed to the increase of drug solubility at higher stabilizer 

concentration increase drug particle growth, further increasing the PS and PDI.  

Furthermore, the interaction coefficient value (b12 and b13) indicates that variables like 

stirring rate and injection flow rate also contribute to PS and PDI of the nanoparticle. The 
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zeta potential plays an important role in preventing aggregation and agglomeration; thus 

responsible for the long-term stability of nanoparticles.[281] Table 43 and Figure 35 shows 

that the increase in the concentration of stabilizer induces a decrease in negative potential 

from -21.9 to -9.9 mV which may be attributed to steric stabilization by TPGS-1000.[276] 

4.2.2.2.2 Effect of injection flow rate 

The addition rate of the organic phase to the aqueous phase has a substantial impact on the 

particle properties.[258] Table 43 shows that an increase in injection flow rate from 0.2 to 0.8 

mL/min causes an increase in PS, PDI, and ZP which was also illustrated in response surface 

plots (Figure 35). Such an effect can be explained by alteration in rate and degree of 

saturation strongly influence particle growth kinetics.[258] Additionally, the injection flow 

rate also affects the extent of mixing per unit time which alters the particle size 

distribution.[261, 264] Furthermore, interaction coefficient value (b12 and b23) indicates that 

variables like stabilizer concentration and stirring rate also contribute to PS and PDI of 

nanoparticle while ZP does not show any substantial difference indicates the absence of 

interactive impact on responses. 

4.2.2.2.3 Effect of stirring rate 

There was a significant effect on PS, PDI, and ZP with a change in the stirring rate from 

1500 to 3500 RPM. Particle size decreased with an increase in stirring rate (Table 43) this 

may be due to high micromixing increases the rate of diffusion and mass transfer between 

the multiphase and thus high homogenous supersaturation in a short time which causes rapid 

nucleation and generation of smaller particles. Simultaneously, the value of PDI also 

decreases with a high stirring rate due to uniform supersaturation. Hence, a higher stirring 

rate may favor the formation of smaller and more uniform drug particles.[262] However, in a 

certain situation at a high stirring rate, there was an increase in PDI this can be explained by 

the high concentration of stabilizer that triggers uneven particle growth indicates the 

presence of interaction. Additionally, the increases in the stirring rate induce an increase in 

the negative potential of nanoparticles which may prevent aggregation and particle growth 

of nanoparticles (Table 43 and Figure 35). 

4.2.2.3 Checkpoint analysis and optimization  

The optimization process was performed to develop the nanoparticle with desired 

characteristics by setting the response Y1 at 200 nm, Y2, and Y3 at a minimum while 

independent variables were kept in the experimental range.  Based on the set target, the 

software suggested various composition of formulation starting with the highest desirability 
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value. The value of the desirability factor nearer to 1 indicated the optimum formulation. 

Additionally, an overlay plot was also constructed for graphical optimization (Figure 36). 

The yellow region in the plot represents the design space. However, to eliminate the 

uncertainty of experimental error, tolerance was set at 0.99 with a 95% confidence interval 

to improve the design space.[282]  

The checkpoint analysis was done to validate the design and polynomial equation. For that, 

two batches PNOB1 (PTV nanoparticle optimized batch-1) and PNOB2 (PTV nanoparticle 

optimized batch-2) were selected from design space based on desirability and prepared to 

evaluate the responses. A low value of prediction error (< 10%) depicted that there was a 

reasonable agreement in predicted and experimental values (Table 46). However, the 

PNOB1 was selected as the final optimized batch due to its least prediction error. These 

results suggest the success of experimental design along with the desirability approach for 

the evaluation and optimization of the formulation. 

Table 46. Comparison of predicted and experimental values of responses  

Batch 

code 

Factor 

value 
Desirability 

Predicted value  Experimental value* 

PS (nm) PDI ZP (mV) PS (nm) PDI ZP (mV) 

PNOB1 
X1=0.029 
X2=0.354 
X3=2291.4 

0.934 200 0.149 -19.44 207.8 ± 3.72 0.141 ± 0.03 -20.71 ± 0.47 

PNOB2 
X1=0.031 
X2=0.335 
X3=2273.6 

0.939 200 0.164 -19.41 189.1 ± 4.32 0.179 ± 0.05 -18.21 ± 0.61 

*All values are mean ± SD (n = 3). X1, stabilizer concentration (%w/v); X2,injection flow rate (mL/min),  X3, stirring rate (RPM);  PS, particle 
size; PDI, polydispersity index; ZP, zeta potential 

 

 

PNOB1 

 

PNOB2 

 Figure 37 Check point analysis result graphs for PNOB1 & PNOB2 
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4.2.3 Final formulation and method of preparation for PTV nanoparticles 

Table 47 Final optimized formula and method for PTV nanoparticles 

Particulars Value 

Drug (Pitavastatin calcium) 
100 mg  
(8.33 % w/v of Organic Phase) 

Stabilizer concentration 
0.029 % w/v 
(of aqueous phase)  

Injection Flow Rate 0.354 mL/min 
RPM 2291 
Stabilizer type TPGS 1000 
Organic phase type Acetone 
Organic phase volume 12 mL 
Temperature of aqueous phase 65 ºC 
Volume of aqueous phase 38 mL 
Total volume of Nanosuspension 50 mL 

Method of preparation of Nanosuspension 
Emulsion  
solvent evaporation 
technique 

Drying 
Freeze drying 
At -40 °C for 48 h 

4.2.4 Characterization of optimized PTV nanoparticle 

4.2.4.1 Particle size, polydispersity index, and zeta potential 

The results and histograms of the particle size distribution for the final optimized batch 

(PNOB1) and unprocessed drug in terms of percent passing is presented in Table 48 and 

Figure 38. The mean particle size of the unprocessed drug was 5122.3 ± 122.32 nm, whereas 

207.8 ± 3.72 nm for optimized PTV nanoparticles. It shows ~246 times reduction in particle 

size in the case of PTV nanoparticles compared to that of the unprocessed drug. Many 

researchers have reported particle size ≤ 300 nm are ideal for oral drug delivery as they 

exhibit greater intestinal transport compared to larger particles.[182, 283] Furthermore, particle 

size data showed the controlled particle formation during the process as there was very low 

PDI for PNOB1 (0.141 ± 0.03) compared to unprocessed PTV (0.881 ± 0.08). The low PDI 

of PNOB1 reflects the presence of a homogeneous population within the system. A narrow 

particle size distribution is essential to prevent particle growth due to Ostwald ripening.[284, 

285] The zeta-potential of PNOB1 was found to be -20.71 ± 0.47 mV compared to -0.81 ± 

0.01 mV for unprocessed PTV. This can be explained by the adsorption of a TPGS-1000 

which shifts the plane of shear to a larger distance from the particle surface results in a higher 

value of negative zeta potential. TPGS-1000 has a steric stabilization effect by its PEG part 

in the molecule. Several studies also supported the fact that a zeta potential of about -20 mV 

can also illustrate the long term stability of the system when steric stabilizers are used.[286]  
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Table 48 Particle size analysis results for PTV nanoparticles (PNOB1) and Unprocessed PTV 

Sample Particle size (nm) 
Poly-

dispersity 

index 

Zeta 

potential 

(mV) 

PNOB1 207.8 ± 3.72 0.141 ± 0.03 -20.71 ± 0.47 
Unprocessed PTV 

(Pure Drug) 
5122.3 ± 122.32 0.881 ± 0.08 -0.81 ± 0.01 

n=3 

 

Figure 38. Particle size analysis A) Unprocessed PTV B) PTV nanoparticles (PNOB1)  

4.2.4.2 Scanning electron microscopy 

SEM images show the surface morphology of particles in which unprocessed drug presented 

as irregular rhombohedral shaped, with broad particle size distribution from 2 to 8 µm 

(Figure 39-A). While PNOB1 presented nearly amorphous and separated from each other 

(Figure 39-B). 
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Figure 39. SEM image of A) Unprocessed PTV and B) PTV nanoparticles (PNOB1)  

4.2.4.3 Powder X-ray diffraction study 

XRD analysis was employed to further investigate the crystalline state of the unprocessed 

drug and PNOB1. Figure 40 showed essentially similar diffraction patterns and lattice 

spacing in unprocessed drug and PNOB1, suggesting that prepared nanoparticles did not 

undergo gross structural modification. Furthermore, the unprocessed drug showed intense 

peaks of crystallinity, whereas PTV nanoparticle (PNOB1) exhibited a halo pattern with less 

intense and denser peaks; indicating the decrease in crystallinity or partial amorphization of 

the drug in its nano-form. The crystallinity for unprocessed drug and PNOB1 were found to 

be 83.02 % and 14.6 % respectively. Additionally, the relative degree of crystallinity of 

PNOB1 was found to be 0.176 (Table 49). These results confirm the amorphization of the 

drug in its nano form. Hence, improved drug dissolution is expected from the formulated 

optimized batch.[41] The conclusion drawn from the X-ray diffraction study was further 

verified by the DSC study. 

Table 49 Results of XRD analysis for pure drug PTV pure and optimized formulation 

Sample 
Area of 

Crystalline Peaks 

Area of All 

Peaks 

Degree of 

Crystallinity 

Relative degree of 

crystallinity 

Pure Drug 

(PTV) 
1258.42 1515.87 83.02 

0.176 

PNOB1 76.06 520.79 14.60 
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Figure 40 Overlay XRD Plot for Unprocessed PTV and PTV nanoparticles (PNOB1) 

4.2.4.4 Differential scanning calorimetry 

Figure 41 presents the DSC thermograms of unprocessed drug and PNOB1. Unprocessed 

drug (Figure 41-A) exhibited a sharp endotherm at 191.4 °C attributed to its crystalline 

nature. PNOB1 (Figure 41-B) exhibited a slightly broad endotherm at 189.1 °C. Although 

the endotherm was observed at a lower temperature which can be attributed to the reduced 

particle size to nanometer as per Gibbs-Thomson equation or miscibility of drug with 

excipients.[287] The fact above demonstrated that there was a reduction in crystallinity during 

the processing. These results are consistent with XRD analysis and confirm the 

amorphization of the drug in its nano-form. 

 

Figure 41. DSC spectra for (A) Unprocessed PTV and (B) PTV nanoparticles (PNOB1) 
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4.2.4.5 Quantification of residual solvent 

The residual solvent acetone in the optimized batch (PNOB1) was analyzed using Shimadzu 

GC-2014 with a headspace auto-sampler HT200H gas chromatograph (Shimadzu, Kyoto, 

Japan). 1 mL sample was injected in the gaseous phase from blank followed by test 

preparation and standard solution. Peak areas were used for obtaining quantitative data.[288] 

Table 50 Results of residual solvent analysis 

Peak 

Parameters 

Blank Standard Test (PNOB) 

Peak 1 Peak 1 Peak 2 Peak 1 Peak 2 

 Ret. Time 14.743 4.128 14.741 4.255 14.749 

 Area 20102268.6 646373.7 17124430.6 10776.7 19242659 

 Height 2882847 107114 2360758 2292 2588257 

 Area% 100 3.64 96.36 0.06 99.94 

 

 

Figure 42. GC chromatogram of standard solutions of A) acetone and (B) PTV nanoparticles 

(PNOB1) 
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Figure 42-A and Figure 42-B depict the GC chromatograms for the standard solution of 

acetone and PNOB1 respectively. Retention time and peak area for the standard solution of 

acetone were 4.128 min and 646373.7 μVsec respectively and for PNOB1 4.255 min and 

10776.7 μVsec respectively (Table 50).  

The residual solvent (acetone) in the sample calculated from the peak area was found to be 

82.7 ppm which was within the limit (< 5000 ppm). Therefore, it can be concluded that the 

initial evaporation and freeze-drying technique were effective to eliminate acetone from 

PTV nanoparticles well below the prescribed limit. 

4.2.4.6 % Yield 

The average yield of PTV nanoparticle batches was found to be 92.63 ± 1.76 % (Table 51). 

The high yield was due to minimum loss of material during processing. 

Table 51 Yield determination of PNOB1 batch 

Observation 
Batch code 

Mean SD 
PNOB1-A PNOB1-B PNOB1-C 

%Yield 90.21 94.36 93.33 92.63 1.76 

SD, Standard Deviation where, n=3 

4.2.4.7 Assay 

The results of study given in Table 52, % assay of unprocessed PTV (Pure drug) and PNOB1 

were found to be 99.40 ± 0.05 % and 89.47 ± 0.03 % respectively. 

Table 52 Assay determination of PNOB1 batch and pure drug 

Sample 
Absorbance (nm) Assay (mg) % assay 

1 2 3 1 2 3 1 2 3 average SD 

PNOB1 0.7585 0.7579 0.7582 22.38 22.36 22.37 89.51 89.44 89.47 89.47 0.029 

PTV  

(Pure 

drug) 

0.8421 0.8427 0.843 24.84 24.85 24.86 99.34 99.41 99.45 99.40 0.044 

SD, Standard Deviation where, n=3 
Regression equation Y = 0.085X - 0.0023 (R2= 0.9997) 
For Pure PTV bulk drug assay limit is 98% to 102% as per IP 2018 

4.2.4.8 Saturation solubility 

The PNOB1 saturation solubility showed 58.95-fold improvement (0.527 ± 0.021 vs. 

0.00894 ± 0.0012 mg/mL) in distilled water and 32.01-fold improvement (4.129 ± 0.073 vs. 

0.129 ± 0.008 mg/mL) in PBS pH 6.8 when compared with unprocessed PTV (Table 53). 

These indicate significant improvement (p < 0.001) of saturation solubility when PTV is 

formulated into nanoparticles. This phenomenon can be explained by Kelvin's equation 
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which states that as the particle size decreases the dissolution pressure increases which leads 

to shifting the solubility equilibrium toward increased saturation solubility.[37] Moreover, 

Ostwald–Freundlich equation also explains that a decrease in particle size leads to an 

increase in dissolution pressure since strong curvature of nanoparticles.[38] PTV 

demonstrates almost negligible solubility in distilled water (0.00894 ± 0.0012 mg/mL) and 

PBS pH 6.8 (0.129 ± 0.008 mg/mL), resulting in its poor oral bioavailability. Improvement 

of solubility in the PBS pH 6.8 has the potential to improve its bioavailability. 

Table 53 Saturation solubility study 

Solvent System 

Saturation solubility (mg/ml) 

Fold Pure drug PTV PNOB1 

Average SD Average SD 

Distilled water 0.00894 0.0012 0.527* 0.021 58.95 

PBS pH 6.8 0.129 0.008 4.129* 0.073 32.01 

n=3 for SD calculation, * Significant (p < 0.001) 

 

 

Figure 43. Saturation solubility study 
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4.3 EVALUATION OF TABLET FORMULATION  

The pre and post-compression parameters were evaluated according to official standards. As 

presented in Table 54, the experimental values of pre-compression tests indicated that bulk 

mixtures possess good flow properties and packing ability.  The post-compression analysis 

value shows that the prepared and marketed tablets well within the official standards as per 

the USP 40–NF 35.[289] 

Table 54. Pre and post-compression parameters of tablet formulations 

Sample 

Pre-compression Post-compression 

Hausner's 
ratio 

Carr’s 
Index 

Angle of 
repose (θ) 

Hardness 
(kg-cm) 

Weight 
Variation 

(mg) 

Friability 
(%) 

Disintegration 
time (sec)  

Assay 
(%) 

PNOB1-Tab 1.12 ± 0.03 
10.53 ± 

0.92 
25.31 ± 

1.07 
4.12 ± 
0.098 

151.28 ± 3.9 
0.012 ± 
0.002 

34.67 ± 5.73 
99.63 ± 
0.364 

PTV-Tab 1.09 ± 0.13 
7.89 ± 
0.91 

27.76± 
1.73 

4.2 ± 0.13 
150.83 ± 

4.02 
0.011 ± 
0.002 

33 ± 4.32 
99.37 ± 
0.583 

Marketed-Tab -   -  -  -  -  - 125.67 ± 4.92 
99.12 ± 
0.493 

Data expressed as Average ±SD; n = 6 

4.4 IN-VITRO DRUG RELEASE STUDY 

The results of the in-vitro dissolution test reported in Table 55 and Figure 44. The average 

percent cumulative drug release (%CDR) at 45 min of PNOB1-Tab, PTV-Tab batches, and 

marketed tablets were found to be 98.15 ± 1.29 %, 66.80 ± 1.29 %, and 80.94 ± 5.62 % 

respectively. The tablet batches with ≥ 80 % CDR of the label claim PTV at 45 min 

considered acceptable.[277] For PNOB1-Tab and marketed tablets were within acceptance 

criteria while PTV-Tab falls short in drug release criteria. 

Table 55 Results for dissolution study of prepared batches & marketed tablets 

Time (min) 
% CDR (mean ± SD) 

PNOB1-TAB PTV-TAB Marketed TAB 

0 0.00  0.00 0.00 

5 34.60 ± 3.49 14.09 ± 4.11 19.91 ± 3.93 

10 75.42 ± 7.18 33.20 ± 7.04 42.85 ± 5.57 

15 83.30 ± 8.48 39.84 ± 3.84 50.43 ± 2.97 

20 91.32 ± 4.26 43.09 ± 3.36 52.47 ± 2.83 

30 96.29 ± 3.09 52.61 ± 4.48 60.03 ± 4.04 

45 98.15 ± 1.29 66.80 ± 5.62 80.94 ± 6.04 

60 99.12 ± 0.15 78.80 ± 5.72 89.17 ± 5.62 
n=6 
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Figure 44. Dissolution curve of prepared batches & marketed tablets 

4.4.1 Drug release kinetic 

The release mechanisms of the formulations were evaluated by different in-vitro kinetics 

models: the zero-order, first-order.[270] The results of drug release kinetic shows that first-

order R2 value for PNOB1-Tab, PTV-Tab, and Marketed-Tab were 0.9760 ± 0.013, 0.9618 

± 0.010, and 0.9558 ± 0.007 respectively which was found to be higher than zero-order R2 

value indicates that they follow the first-order drug release kinetics (Table 56). The first-

order process of drug release is expected for conventional solid dosage forms.[290] 

Additionally, the first-order drug release constant (K1) for PNOB1-Tab, PTV-Tab, and 

Marketed-Tab were found to be 0.116 ± 0.016, 0.028 ± 0.005, and 0.040 ± 0.006 respectively, 

which indicates that PNOB1-Tab demonstrates faster drug release compared to PTV-Tab 

and Marketed-Tab. 

Table 56 Model dependent drug release kinetic 

Formulation 
R2  Drug release rate constant 

Zero Order First order K0 K1 

PNOB1-Tab -0.0875 ± 0.10 0.9760 ± 0.013 2.372 ± 0.063 0.116 ± 0.016 

PTV-Tab 0.7747 ± 0.07 0.9618 ± 0.010 1.536 ± 0.135 0.028 ± 0.005 

Marketed-Tab 0.6746 ± 0.06 0.9558 ± 0.007 1.804 ± 0.130 0.040 ± 0.006 
Data expressed as Average ±SD; n = 6 

The similarity factor (f2) was found to be 28.902 for PNOB1-Tab and 51.486 for PTV-Tab 

compared to Marketed-Tab while 22.874 for PNOB1-Tab compared to PTV-Tab (Table 57). 

The f2 values[269] less than 50 indicate dissimilarity and greater than 50 indicate similarity 
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between the release profile of drug from test and reference formulation. In this context, 

results indicate the dissimilarity of PNOB1-Tablets compared to Marketed-Tablets and 

PTV-Tablets. Conversely, PTV-Tablets shows marginal similarity with Marketed-Tablets. 

Table 57 Model independent drug release profile comparison 

Comparison f2 Similarity of R and T 

PNOB1-Tab Vs Marketed-Tab 28.902 Dissimilar 

PNOB1-Tab Vs PTV-Tab  22.874 Dissimilar 

PTV-Tab Vs Marketed-Tab  51.486 Similar 
f2, similarity factor; R, reference product (Marketed-Tab); T, test products (PNOB1-Tab and PTV-Tab) 

Another parameter used to characterize drug release profile is tx%. The tx% parameter 

corresponds to the time necessary for the release of a determined percentage of drug (e.g., 

t25%, t50%, and t80%). Pharmacopoeias very frequently use this parameter as an acceptable 

limit of the dissolution test (e.g., t ≥ 80%).[270] Shorter the time to achieve 80% of drug 

release indicts rapid dissolution of drug from the formulation.  The T80% for PNOB1-Tab, 

PTV-Tab, and Marketed-Tab were found to be 14.16 ± 2.15 min, 58.75 ± 10.80 min and 

41.40 ± 6.79 min respectively (Table 58). Thus, PTV nanoparticles containing tablets 

(PNOB1-Tab) exhibits ~2.84-fold faster dissolution than marketed formulation while ~4.15-

fold faster drug dissolution compared to tablets containing unprocessed PTV.  These results 

prove that the drug nanoparticles have significant impact on enhancing the solubility and 

consequently dissolution of drug. 

Table 58 The time necessary for the release of a determined percentage of drug (Tx%) 

Release Kinetic order 
Tx% (mean ± SD) 

Tx% Marketed-Tab PNOB1-Tab PTV-Tab 

First order 
T25% 7.40 ± 1.21 2.53 ± 0.38*# 10.50 ± 1.93 
T50% 17.83 ± 2.93 6.10 ± 0.92*# 25.30 ± 4.65 

T80% 41.40 ± 6.79 14.16 ± 2.15*# 58.75 ± 10.80 
n=6, One-way ANOVA followed by a Tukey’s multiple comparison test: ns = not significant; * p < 0.05 compared to Marketed-
TAB; # p < 0.05 compared to PTV-Tab. Tx%, time necessary to the release of a determined percentage of drug 

4.4.2 Dissolution efficiency and mean dissolution time 

The dissolution efficiency (DE%) and mean dissolution time (MDT) allows the comparison 

of drug dissolution profiles.[291] Dissolution efficiency is related to the real amount of drug 

dissolved in the dissolution medium and thus, lead to a better prognostic for in-vivo 

performance.[291] PNOB1-Tab (85.2161 ± 2.403) shows the highest DE% compared to PTV-

Tab (63.5882 ± 2.524) and Marketed-Tab (67.0871 ± 0.984). Besides, the MDT of 

formulations was calculated as it is a measure of the rate of the dissolution process. The 

MDT for PNOB1-Tab (8.87 ± 1.44) was found to be lowest compared to PTV-Tab (21.85 ± 
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1.51) and Marketed-Tab (19.75 ± 0.59). These results are supported by the fact that the lower 

the MDT, the faster the release rate which could lead to better in-vivo performance.[291] The 

analysis of variance (ANOVA) also revealed a statistical difference (p < 0.05) between the 

formulations (Table 59). Post-hoc Tukey test also demonstrated a significant (p < 0.05) 

improvement in DE% and MDT of PNOB1-Tab compared to PTV-Tab and Marketed 

tablets. 

Table 59. Dissolution efficiency and mean dissolution time 

Parameter PNOB1-Tab PTV-Tab Marketed-Tab 

DE (%) 85.2161 ± 2.403*,# 63.5882 ± 2.524ns 67.0871 ± 0.984 

MTD (h) 8.87 ± 1.44*,# 21.85 ± 1.51ns 19.75 ± 0.59 

Data expressed as Average ±SD; n = 6 

PNOB1-Tab and PTV-Tab were compared to Marketed-Tab. One-way ANOVA followed by a Tukey’s multiple comparison 
test: ns = not significant; * p < 0.05 compared to Marketed-TAB; # p < 0.05 compared to PTV-Tab 

4.5 IN-VIVO PHARMACOKINETIC STUDY 

The in-vivo pharmacokinetic experiment protocol was approved by the Institutional Animal 

Ethics Committee (CPCSEA/VBT/IAEC/15/01/75). The pharmacokinetics of the 

formulated nanoparticle-loaded tablet (PNOB1-Tab) was compared to unprocessed drug-

loaded tablet (PTV-Tab) and marketed tablet (Marketed-Tab) in Wistar albino rats. 

4.5.1 Results of in-vivo pharmacokinetic study 

The mean plasma drug concentration vs. time profile for the single oral administration of 

PNOB1-Tab, PTV-Tab, and Marketed-Tab is shown in Figure 45,  Table 60 and Table 61 

shows the calculated pharmacokinetic parameters. The Cmax of PNOB1-Tab showed 

statistically significant improvement of 1.43-fold over the Marketed-Tab and 1.53-fold, over 

the PTV-Tab (Table 61).  Against the expectation, a left shift in the Tmax for PNOB1-Tab 

was not observed, and similar Tmax values were observed for all three formulations. This 

may be attributed to both active as well passive absorptions of PTV from the gastrointestinal 

tract. 

Furthermore, PNOB1-Tab formulation shows significant improvement in MRT and half-life 

compared to PTV-Tab and Marketed Tab, indicates a faster release of PTV from the 

formulation. The AUC0-∞ of PNOB1-Tab (7310.37 ± 242.71) was found to be higher than 

Marketed Tab (4155.91 ± 137.98) and PTV-Tab (3869.41 ± 128.47). This indicated that 

PNOB1-Tab enhanced PTV bioavailability by 1.76-fold when compared to Marketed Tab. 
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Further, the PNOB1-Tab also shows a 1.89-fold improvement in bioavailability over PTV-

Tab. The reason for this improvement in bioavailability may be due to the formulation of 

PTV nanoparticle (PNOB1-Tab) which reduces the particle size, enhance apparent 

solubility, and release rate of PTV compared to tablets containing unprocessed PTV.[292] The 

mechanisms contributed to the improved absorption could be majorly summarized as three 

points: Firstly, the amorphous state of PNOB1 exhibits higher solubility and faster 

dissolution rate due to the higher inner energy.[41] Therefore when dosed through the oral 

route, the nanoparticle formulation rate revealed more significant effects on enhancing 

bioavailability than the unprocessed PTV provided the high energy state could be kept in the 

GIT.[293] Secondly, nanoparticles possess general mucoadhesion to biological mucosa 

including GI mucosa.[49] The mucoadhesion of drug nanoparticles to GI mucosa leads to a 

higher concentration gradient and also a prolonged retention time.[50]  Lastly, the ability of 

drug nanoparticles to enhance bioavailability could be partly attributed to the inhibition 

effects of coated stabilizer (TPGS 1000)  on the efflux function of the P-glycoprotein (P-gp) 

which is located in the apical membranes of intestinal absorptive cells.[294] 

Table 60 Compiled results for in-vivo pharmacokinetic study 

Time (h) PNOB1-Tab Marketed-Tab PTV-Tab 

0 0 0 0 

0.25 215.46 ± 7.15 150.67 ± 5.00 144.64 ± 4.80 

0.5 417.39 ± 13.86 291.78 ± 9.69 280.11 ± 9.30 

1 798.05 ± 26.50 558.56 ± 18.54 519.47 ± 17.25 

1.5 603.21 ± 20.03 400.86 ± 13.31 372.80 ± 12.38 

2 469.09 ± 15.57 306.79 ± 10.19 285.32 ± 9.47 

4 377.88 ± 12.55 242.85 ± 8.06 225.85 ± 7.50 

6 307.97 ± 10.22 194.34 ± 6.45 180.74 ± 6.00 

8 238.69 ± 7.92 145.84 ± 4.84 135.63 ± 4.50 

12 157.29 ± 5.22 88.51 ± 2.94 82.31 ± 2.73 

24 113.77 ± 3.78 58.38 ± 1.94 54.29 ± 1.80 
Data expressed as Average ±SD; n = 6. 

Table 61. In-vivo pharmacokinetic parameters 

PK Parameters PNOB1-Tab Marketed-Tab PTV-Tab  

T1/2 (h) 10.86 ± 0.05*,# 9.16 ± 0.03 9.20 ± 0.02ns 

Tmax (h) 1.00 1.00 1.00 

Cmax (ng/ml) 798.05 ± 26.50*,# 558.56 ± 18.54 519.47 ± 17.25* 

AUC 0-inf_obs (ng/ml*h) 7310.37 ± 242.71*,# 4155.91 ± 137.98 3869.41 ± 128.47ns 

MRT 0-inf_obs (h) 15.96 ± 0.02*,# 13.32 ± 0.14 13.21 ± 0.02ns 
Data expressed as mean ±SD; n = 6 
PNOB1-Tab and PTV-Tab were compared to Marketed-Tab. One-way ANOVA followed by a Tukey’s multiple comparison test: ns 
= not significant; * p < 0.05, compared to Marketed-Tab; # p < 0.05 compared to PTV-Tab. 
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Figure 45. Mean plasma drug concentration−time profile curve 

4.6 STABILITY STUDY 

The stability study of optimized PNOB1 was carried out at different conditions shown in 

Table 62. There was a non-significant alteration in particle size, PDI, as well as zeta 

potential compared to the initial sample, indicate the stability of optimized nanoparticles 

over 3 months. These results indicated that PNOB1 was physically stable which might be 

due to the presence of TPGS-1000 which serve as inhibitors of particle growth by surface 

coating.[276] Also, stability could be attribute to freeze-drying which plays an important role 

to uphold the stability of nanoparticles.[143]  

Table 62. Stability study of PTV nanoparticles (PNOB1) 

Observation Parameters Initial 

At 4 °C At 25 °C 

After 90 day 

Particle size (nm) 207.8 ± 3.72 218.2 ± 12.9 221.2 ± 16.1 

Poly-dispersity index 0.102 ± 0.03 0.149 ± 0.36 0.128 ± 0.09 

Zeta potential (mV) -20.71 ± 0.47 -21.27 ± 0.71 -21.87 ± 1.02 

Data expressed as mean ±SD; n = 3 

Additionally, the short-term stability of the tablet containing these nanoparticles was also 

evaluated as shown in Table 63. A physicochemical property does not show any significant 

difference from the initial sample.  Moreover, in-vitro dissolution results of the three months 
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stability sample showed nearly similar drug release profiles between initial samples. The 

formulation also able to maintain 50% of drug release within ~6 min and 80% within ~14 

min during the stability period. 

Table 63 Stability study PTV nanoparticles loaded-tablet (PNOB1-Tab) 

Observation 

Parameters 
Initial 

25 ± 2 °C/ 60 ± 5% RH 40 ± 2 °C/ 75 ± 5% RH 

30 day 60 day 90 day 30 day 60 day 90 day 

Hardness (Kg-cm) 4.12 ± 0.10 4.2 ± 0.09 4.22 ± 0.10 4.24 ± 0.12 4.22 ± 0.19 4.4 ± 0.18 4.46 ± 0.21 

Friability (%) 0.058 ± 0.019 0.053 ± 0.019 0.052 ± 0.016 0.047 ± 0.015 0.049 ± 0.015 0.046 ± 0.016 0.042 ± 0.014 

Disintegration Time (sec) 34.67 ± 5.73 35.33 ± 7.13 35.67 ± 8.06 38.67 ± 6.94 36.67 ± 7.32 39.67 ± 8.18 45.67 ± 8.06 

Assay (%) 99.63 ± 0.36 99.52 ± 0.40 99.2 ± 0.37 98.31 ± 0.69 99.43 ± 1.17 98.33 ± 1.37 97.03 ± 1.14 

CDR at 45 min (%) 98.16 ± 1.29 98.45 ± 1.33 98.32 ± 1.71 97.99 ± 1.56 99.19 ± 1.59 97.46 ± 1.44 96.90 ± 2.49 

T50 (min) 6.10 ± 0.93 6.11 ± 0.91 6.09 ± 0.90 6.12 ± 0.95 6.18 ± 0.84 6.18 ± 0.95 6.34 ± 0.81 

T80 (min) 14.16 ± 2.15 14.18 ± 2.11 14.13 ± 2.10 14.22 ± 2.20 14.36 ± 1.96 14.35 ± 2.22 14.72 ± 1.87 

f2 - 99.392 98.734 97.891 92.358 97.239 85.797 

Data expressed as mean ±SD; n = 3 
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5 SUMMARY AND CONCLUSION 

5.1 SUMMARY 

The formulation of poorly water-soluble drugs is a big challenge for the pharmaceutical 

industry. It has been reported that about 70% of new drug candidates have been shown to 

have poor aqueous solubility. In the present study, a relatively newly developed, potent, non-

purine, synthetic HMG-CoA reductase inhibitor, Pitavastatin calcium (PTV) was used to 

improve its poor solubility and dissolution rate. 

➢ The PTV was subjected to visual and sensory inspection to check color, odor, and 

appearance to confirm the identity of the drug sample. 

➢ The results of melting point determination, FTIR, UV spectroscopy profile, DSC, 

and assay of pure drug sample complied with the standard specifications which 

confirm the identity and purity of the drug sample.  

➢ Additionally, particle size, PDI, and zeta potential were also evaluated for the pure 

drug sample to check the particle characteristic.  

➢ To check the crystallinity and surface morphology of the pure drug sample, the XRD 

and SEM study was performed. 

➢ In the drug- excipients compatibility study, characteristic peaks of the drug appear in 

the spectra of the physical mixture of drug and excipients were near to standard 

frequency of functional groups which indicates no interaction between the drug and the 

excipients.  

➢ To quantify the PTV in bulk and formulation, inhouse HPLC method was developed. 

The influence of mixture composition of mobile phase on peak quality parameters of 

PTV in bulk and tablet dosage form has been studied using a mixture simplex design. 

A simplex centroid design with axial points in a pseudo-component representation 

was generated from the pure mixture components. Twelve ternary mixture mobile 

phases corresponding to augmented design points were tested to separate the drug in 

sample. The method demonstrated optimum chromatographic separation with 

isocratic elution of the mobile phase containing a mixture of acetonitrile-water (pH 

3.0)-tetrahydrofuran (43:55:02, v/v/v) with a flow rate at 1.0 ml/minute. 

Additionally, the developed method with an optimized mobile was also validated as 

per ICH guidelines Q2 (R1). 

➢ The PTV nanoparticle was prepared using the emulsion solvent evaporation 

technique followed by freeze-drying which was found to be a relatively simple and 
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easy to scale up process. However, the emulsion solvent evaporation process 

involves various parameters that affect product quality. Thus, to evaluate these 

process and formulation factors, Plackett-Burman design (PBD) was employed to 

screen the critical parameters that influence nanoparticle characteristics including 

particle size and polydispersity index. Statistical analysis of various variables 

revealed that stabilizer concentration, injection flow rate, and stirring rate were the 

most influential factors affecting the particle size and polydispersity index of the 

nanoparticle formulation. 

➢ Further, to optimize the critical variables screened using PBD, the Box-Behnken 

design was applied to study the effect of stabilizer concentration, injection flow rate, 

and stirring rate on particle size, polydispersity index, and zeta potential. In this 

design, matrix was generated using 3 factors 3 levels. A total of 14 batches (12 design 

points and 2 additional center points to evaluate the lack of fit) were generated by 

varying the factor levels using Design expert® software. A statistical model 

consisting of main and interactive effects was generated to estimate the responses. 

The factor coefficients and significance of the model were evaluated through 

multiple regression analysis and ANOVA. The desirability function approach was 

used to search for the optimum levels of the variables for desired responses. 

Additionally, to eliminate the uncertainty of experimental error, tolerance was set at 

0.99 with a 95% confidence interval to improve the design space. The checkpoint 

analysis was done to validate the design and polynomial equation. For that, two 

batches (PNOB1 and PNOB2) were selected from the design space based on 

desirability and prepared to evaluate the responses. A low value of prediction error 

(< 10%) depicted that there was a reasonable agreement between predicted and 

experimental values. These results suggest the success of experimental design along 

with the desirability approach for the evaluation and optimization of the PTV 

nanoparticle formulation. 

➢ The optimized nanoparticles were characterized by particle size, polydispersity 

index, and zeta potential, SEM, XRD, DSC, residual solvent content analysis using 

GC, % yield, and assay to check the physicochemical properties of developed 

nanoparticle formulation. The optimized nanoparticles were showed a narrow 

particle size distribution with acceptable zeta potential. SEM and XRD study 

confirmed a decrease in crystallinity and amorphization of the drug in its nano form. 

The GC analysis confirmed the elimination of residual solvent from in the 
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nanoparticle formulation. This result indicated that the evaporation followed by 

freeze-drying step was effective in elimination of acetone from PTV nanoparticles 

well below the prescribed limit of ICH Q3C (R6). The average yield of PTV 

nanoparticle batch was found to be 92.63 ± 1.76 % which was attributed to minimum 

loss of material during processing. 

➢  The saturation solubility of optimized PTV nanoparticles was evaluated using shake 

flask method in distilled water as well as in PBS pH 6.8. The solubility of prepared 

nanoparticles increased by 58.95-fold in distilled water and 32.01-fold in PBS pH 

6.8, proves the effectiveness of particle size reduction approach to improve the 

aqueous solubility of PTV.  

➢ Subsequently, the powdered nanoparticles were transformed into a tablet dosage 

form to improved patient convenience, product stability as well as sustainable 

manufacturing processes. The prepared powder blend for tablet compression was 

evaluated for its flow characteristics.  The physicochemical properties of compressed 

tablets and marketed tablets were evaluated by various post-compression tests like 

hardness, weight variation, friability, disintegration time, and assay. Pre-

compression tests indicated that bulk mixtures possess good flow properties and 

packing ability while post-compression analysis value shows that the prepared and 

marketed tablets well within the official standards. 

➢ Drug release profiles from prepared and marketed tablets were determined using 

USP-I apparatus using PBS pH 6.8 as the dissolution media. The results of the in-

vitro dissolution test showed that %CDR of PNOB1-Tab, PTV-Tab batches, and 

marketed tablets were found to be 98.15 ± 1.29 %, 66.80 ± 1.29 %, and 80.94 ± 5.62 

% respectively within 45 min.  

➢ Furthermore, the in-vitro dissolution data were evaluated by different kinetics 

models: the zero-order and first-order. The results of drug release kinetic show that 

PNOB1-Tab, PTV-Tab, and Marketed-Tab follow the first-order drug release 

kinetics. The first-order process of drug release is expected for conventional solid 

dosage forms. Additionally, the first-order drug release constant (K1) for PNOB1-

Tab, PTV-Tab, and Marketed-Tab were found to be 0.116 ± 0.016, 0.028 ± 0.005, 

and 0.040 ± 0.006 respectively, which indicates that PNOB1-Tab demonstrations 

faster drug release compared to PTV-Tab and Marketed-Tab. 
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➢ The similarity between two in-vitro dissolution profiles was assessed using similarity 

factor (f2). The results indicate the dissimilarity of PNOB1-Tab compared to 

Marketed-Tab and PTV-Tab. 

➢ Dissolution efficacy (%DE) and mean dissolution time (MDT) was calculated, 

PNOB1-Tab (85.2161 ± 2.403) shows the highest DE% compared to PTV-Tab 

(63.5882 ± 2.524) and Marketed-Tab (67.0871 ± 0.984). Besides, the MDT for 

PNOB1-Tab (8.87 ± 1.44) was found to be lowest compared to PTV-Tab (21.85 ± 

1.51) and Marketed-Tab (19.75 ± 0.59). These results support the significant 

improvement in the release rate of developed formulation compared to marketed 

tablets which could lead to better in-vivo performance. 

➢ The in-vivo pharmacokinetics performance of the formulated nanoparticle-loaded 

tablet (PNOB1-Tab) was compared to unprocessed drug-loaded tablet (PTV-Tab) 

and marketed tablet (Marketed-Tab) in Wistar albino rats. The Cmax of PNOB1-Tab 

showed significant improvement of 1.43-fold over the Marketed-Tab and 1.53-fold, 

over the PTV-Tab. Additionally, PNOB1-Tab formulation shows significant 

improvement in MRT compared to PTV-Tab and Marketed Tab indicates a faster 

release of PTV from the formulation. The AUC0-∞ of PNOB1-Tab (7310.37 ± 

242.71) was found to be higher than Marketed Tab (4155.91 ± 137.98) and PTV-Tab 

(3869.41 ± 128.47). This indicted that PNOB1-Tab enhanced PTV bioavailability by 

1.76-fold when compared to Marketed Tab. 

➢ The stability study of optimized batch of PTV nanoparticles (PNOB1) showed non-

significant alteration in particle size, PDI, as well as zeta potential compared to the 

initial sample, indicate the stability of optimized nanoparticles over 3 months.  

Furthermore, the developed tablet formulation containing PTV nanoparticles was 

subjected to short term accelerated stability study as per ICH guideline. The 

physicochemical property does not show any significant difference from the initial 

sample.  Moreover, in-vitro dissolution results of the 3-month stability sample 

showed nearly similar drug release profiles between initial samples. The formulation 

also able to maintain 50% of drug release within ~6 min and 80% within ~14 min 

during the stability period.  

5.2 CONCLUSION 

We showed that the emulsion solvent evaporation techniques successfully generated PTV 

nanoparticles stabilized by TPGS-1000. Various process and formulation variables were 
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successfully evaluated and screened using the Placket-Burman design. A response surface 

optimization approach, Box-Behnken Design, was effectively used to study the effects of 

independent variables on desired attributes. The optimized nanoparticles showed a narrow 

particle size distribution with acceptable zeta potential. SEM and XRD study confirmed a 

decrease in crystallinity and amorphization of the drug in its nano form. The apparent 

solubility of prepared nanoparticle increased by 58.95-fold in distilled water and 32.01-fold 

in PBS pH 6.8. Further, this result also supports the dissolution profile of nanoparticle loaded 

tablet which shows significant high dissolution efficacy and low mean dissolution time 

compared to the conventional product. The prepared nanoparticle loaded tablet showed a 

significant improvement in bioavailability than unprocessed drug-loaded and marketed 

tablets after single-dose oral administration to rats. The optimized nanoparticles as well as 

nanoparticles loaded tablets were found to be stable over 3 months. All these findings signify 

that the PTV nanoparticle loaded tablets can successfully employ in improving dissolution 

and thereby oral bioavailability of PTV. 

5.3 MAJOR CONTRIBUTION BY THE THESIS 

➢ The developed HPLC method with an optimized mobile phase is validated, less time-

consuming, and user friendly for the quantification of PTV in bulk and tablet 

samples. 

➢ The bottom-up technology used in this work provides a simple and robust platform 

for the bottom-up generation of nanoparticles. Further investigations on this 

technology such as the role of process and formulation variables using the 

experimental design approach provide an efficient means to optimize the 

nanoparticles and scale-up. 

➢ The nanotechnology strategy was found to be a viable approach to enhance the 

solubility of drug which leads to improvement in in-vitro dissolution performance 

and in-vivo bioavailability of PTV. It can be a promising novel conventional oral 

formulation in the treatment of hypercholesterolemia with better efficacy and clinical 

outcome. 

5.4 FUTURE SCOPE 

• Further detailed investigations and in-vivo - in-vitro correlation need to be 

established to guarantee the bioavailability of the formulation. 
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• The in-vitro cellular uptake (Caco-2 cells), and in-situ drug release in rat ileum 

models can be carried out to validate the P-gp inhibition by TPGS-1000 and to 

evaluate intestinal transport mechanism for nanoparticles. 

• The prepared formulation can be subjected to in-vivo anti-hyperlipidemic activity 

using different animal models. 

• The efficacy and clinical outcome of developed nanoparticle loaded tablet 

formulation can be evaluated through clinical trials and fulfillment of other 

regulatory requirements to realize the market potential of this formulation. 
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