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ABSTRACT 

Drug dissolution is a rate limiting step for the bioavailability of many BCS Class II drugs. 

The bioavailability of such drugs can be improved by the application of various solubility 

enhancement techniques. The present research work was instigated with an aim to improve 

solubility of Lercanidipine Hydrochloride and Cilnidipine, thereby improving their 

absorption through oral route. 

In vitro dissolution test is an important testing tool for the design of dosage form. 

Lercanidipine Hydrochloride (LER) is a BCS class II calcium channel blocker used for 

treatment of hypertension. LER is not official in any pharmacopeia and no official 

dissolution method is available for the same. The present work is focussed on development 

and validation of a dissolution test that can be used as a quality control test for LER tablets 

and formulations. Saturation solubility and sink conditions that can be achieved in different 

medium suggested that 0.1 N HCl, Acetate buffer pH 4.5 and Phosphate buffer pH 6.8 can 

be used as dissolution medium. Dissolution tests of LER tablets were carried out in 

different media at different rotation of paddle apparatus. The most suitable dissolution 

conditions were 0.1 N HCl buffer (900 mL at 37 ± 0.5 ° C) as dissolution medium and USP 

type II (paddle) apparatus at100 rpm for 60 min. The analysis of released LER was done 

by UV spectrophotometric method. The developed method was validated according to ICH 

guidelines. Method showed linearity with r
2 

of 0.999 within the concentration range of 2-

20 µg/ml. The method was found to be accurate with recoveries ranging from 98.50 % to 

103.72 %. The interday and intraday precision was below RSD 2%. The developed method 

can effectively be used for quality control evaluation of LER tablets. 

 

To enhance the solubility of LER two methods namely solid dispersion and inclusion 

complex were applied. 

Solid dispersions of LER were made to form a molecular dispersion of LER into 

hydrophilic polymer and to increase its water solubility. Hydrophilic polymer such as PVP 

K30, PEG6000 and PEG 8000 were preliminary screened for selection. Finally, solid 

dispersions of LER with PEG6000 were prepared by solvent evaporation and melt fusion 

techniques in different drug to polymer ratio. The solid dispersion formed demonstrated 

increased solubility. Solid dispersion obtained by solvent evaporation and fusion 

techniques showed improved release i.e. 93.7% and 57% respectively as compared to pure 
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LER and physical mixture 37.2% and 38.9% respectively in 1hour min. Formation of 

amorphous solid dispersion in ratio of 1:6 by solvent evaporation method was confirmed 

by DSC and PXRD studies.  

 

Further effect of cyclodextrin derivatives (CDs) on solubility and dissolution of LER 

was studied by preparing inclusion complexes with β-Cyclodextrin (βCD) and Hydroxy 

Propyl β-Cyclodextrin (HPβCD) using kneading and freeze drying techniques in different 

molar ratios. Interactions between CDs and LER in solutions were studied with the help of 

phase solubility. Comparison of dissolution profile in 0.1 N HCl suggested that the 

maximum interactions were observed when drug to CDs molar ratio was 1:1.5. Solid state 

characterization of inclusion complexes was done using Differential Scanning Calorimetry 

(DSC), powder X-ray diffractometry (XRD),
 1

H Nuclear Magnetic Resonance (NMR) and 

Fourier transformation-infrared (FT-IR) studies to investigate types of interaction,. The 

results obtained of XRD and DSC demonstrated that crystalline structure of drug was 

changed to amorphous in inclusion complexes formulated using freeze drying techniques. 

In the NMR studies, shifts of signals relating to LER or CDs were found in inclusion 

complexes suggesting binding between LER and CDs. The inclusion complexes showed 

improved solubility and dissolution behavior compared to pure drug. Freeze dried 

inclusion complex of HPβCD and LER releasing 85% of drug in 30 min was considered 

optimized compared to inclusion complexes of LER with βCD which showed only 74% 

release in 30 min. These findings concluded that dissolution and in turn bioavailability of 

LER can be improved when an inclusion complex with HPβCD is formed in 1:1.5 molar 

ratios.  

Both optimized formulations of solid dispersions and inclusion complexes were subjected 

to accelerated stability studies as per ICH guidelines. No significant change in % release 

and content was observed in case of both the formulations of LER. 

A pharmacokinetic study for LER was performed to compare bioavailability of pure drug 

and optimized formulation of solid dispersion and inclusion complex by HPLC method. 

Pharmacokinetic parameters of optimized formulation of solid dispersion and inclusion 

complex were better than that of obtained with pure drug and marketed formulations. 

 

Cilnidipine (CLN) is relatively new antihypertensive agent of category calcium channel 

blocker. It belongs to BCS Class II and is practically insoluble in water and thus in 

gastrointestinal tract.  It has a limited oral bioavailability of 13%. Attempts are made to use 

solubility enhancement technique to formulate CLN in a solid dosage form with enhanced 
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water solubility by liquisolid compact and nanosuspension approach. 

Liquisolid compacts of CLN After screening liquisolid compacts of CLN were prepared 

using Transcutol HP as non-volatile liquid, neusilin as a carrier material , Cab-O-Sil as a 

coating material, cross carmellose sodium as a disintegrant and magnesium stearate as 

lubricant . Amount of Transcutol HP and ratio of carrier to coating ratio was optimized 

using 3
2 

full factorial designs. All the liquisolid systems obtained were analysed for pre 

compression and post compression parameters as per pharmacopeia and results were found 

to be in agreement with the limits specified. All the liquisolid systems showed faster 

release of CLN as compared to compressed tablets. Obtained optimized batch was 

subjected to characterization by FTIR, DSC, PXRD and SEM. DSC and PXRD results 

suggested loss of crystallinity of CLN in liquisolid compacts which is due to solubilisation 

of drug followed by dispersion at a molecular level which in turn lead to enhanced drug 

dissolution properties. 

CLN nanosuspension was prepared in order to increase dissolution rate and in turn oral 

bioavailability of the drug. Precipitation of CLN from organic phase followed by 

ultrasonication process was used to formulate nanosupension. The effect of seven 

important process parameters viz., concentration of poloxamer188  in aqueous phase, 

solvent to antisolvent ratio, concentration of drug, speed of agitation, amplitude of 

sonication, time of sonication and concentration of Tween 80 were investigated by 

applying placket and Burmann design. Out of all the parameters, concentration of drug in 

organic phase, solvent to antisolvent ratio and time of sonication was found to be most 

significant from the pareto chart. Further Box Behnken design was employed to optimize 

the process using these significant factors. All the batches of nanosuspension showed 

higher release of CLN than pure drug. The particle size obtained for Box Behnken design 

was found in range of 232.1-923.3 nm. Entrapment efficiency of formulated 

nanosuspension batches were found to be in between 51.39 % to 96.12 %. Optimized 

formulation of nanosuspension was found to be stable in freeze dried form as well as in 

liquid form with zeta potential of -23.31 mV showing particle size of 280 nm. The 

morphology of freeze dried nanosuspension was analysed by Transmission Electron 

Microscopy. PXRD and FTIR analysis indicated that significant change in crystal structure 

of CLN was observed as compared to raw drug. 

In vivo performance of optimized liquisolid compacts and nanosuspension was investigated 

by pharmacokinetic studies using validated HPLC-MS/MS method. Optimized formula of 

liquisolid compacts released 87 % CLN in 30 min and optimized nanosuspension released 

85 %which is higher than that of pure drug and marketed formulation.   
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CHAPTER 1 

Introduction 

1.1 Absorption of Drug from Orally Administered Solid Dosage Forms 

Drug absorption, sufficient and reproducible bioavailability and/or pharmacokinetic profile 

in humans are recognized today as one of the major challenges in oral delivery of new drug 

substances [1]. Therapeutic efficiency of a drug is dependent on the bioavailability and 

eventually upon the solubility and absorption of drug molecules [2, 3]. The solubility is an 

important parameter to achieve the required concentration of drug in the systemic 

circulation and hence to attain the biological activity of the drug in the body. As a matter of 

fact, more than one-third of the drugs listed in the U.S. Pharmacopoeia fall into the poorly 

water-soluble or water-insoluble categories. Today, about 40 per cent of new drug 

molecules discovered by the pharmaceutical industry are poorly soluble or lipophilic 

compounds [4]. It was reported a couple of decades ago that more than 41% of the failures 

in new drug development have been attributed to poor biopharmaceutical properties, 

including water insolubility [5,6]. 

 

The solubility issues can affect the oral delivery of the new drugs and also the delivery of 

many existing drugs. The drugs with poor solubility exhibit many in vitro formulation 

related difficulties, such as restricted choices of delivery of drug and highly c 

omplex dissolution testing with inadequate correlation to the in vivo absorption[7] . These 

types of issues with in vivo and in vitro characteristics and the problems in attaining 

expected and reproducible in vivo/in vitro correlations (IVIVC) are often due to solubility 

issues with many newly synthesized compounds [8]. Hence, it is essential to improve the 

solubility of such drugs by applying different solubility enhancement techniques. 
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1.2 The Biopharmaceutical Classification System (BCS) 

A classification system that uses solubility and permeability as parameter is the 

biopharmaceutical classification system (BCS), which is based on estimates of the 

contribution of solubility, permeability, and dissolution to oral drug absorption from 

dosage forms [9]. First described in 1995, the BCS and its principles have been used in 

guidelines issued by the Food and Drug Administration [10]. 

High permeability is defined as human absorption of 90% or more of the administered dose 

[11]. Based on these definitions, drugs fall into one of four BCS categories that explain the 

drug’s permeability and absorption properties as well as its dissolution as described below 

[12]. 

1.2.1 Class I: High Solubility, High Permeability Compounds 

 In vivo behaviour of these drugs mimics like an oral solution having fast dissolution and 

rapid bioavailability. Since the dissolution and absorption of class I drugs [13] is very 

quick, bioavailability and bioequivalence are needless for the products of such drugs. 

These drugs are good candidates for controlled drug delivery if they qualify 

pharmacokinetically and pharmacodynamically for the purpose. Gastric emptying is often 

the rate governing parameter for these drugs. 

1.2.2 Class II: Low-Solubility, High-Permeability Compounds 

These classes of compounds have dissolution as the rate limitation step. In general i.e., the 

rate of drug solubilization is much lower than the rate of drug absorption [14]. For these 

class of compounds, the solubility of the drug was improved by using different solubility 

enhancing techniques such as cyclodextin complex, co solvency, salt formation, 

crystallization etc. 

1.2.3 Class III: High Solubility, Low Permeability Compounds 

Permeation through the intestinal membrane forms the rate-determining step for these 

drugs. Since absorption is permeation rate limited, bioavailability is independent of drug 

discharge from the dosage form. These drugs in general display low bioavailability and 
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permeability enhancement is generally necessary [15]. These drugs are problematic for 

controlled release development. 

1.2.4 Class IV: Low-Solubility, Low Permeability Compounds 

These compounds have solubility and permeability limited absorption [16]. The overall 

bioavailability is governed by several factors such as rate of dissolution, intestinal 

permeability, gastric emptying, and so on. These types of compounds are difficult to 

administer and attain the required bioavailability. 

 

FIGURE 1.1 BCS classification of drugs 

Oral route is the easiest and most suitable route for non invasive administration. Oral drug 

delivery system is the most cost effective and leads the worldwide drug delivery market. 

The oral route is a problematic route for those drug molecules which exhibit poor aqueous 

solubility. 

1.3 Solubility Enhancement Technique: Current Approach  

Numerous methodologies have been suggested and practically applied to improve the 

marketability of drug candidates whose development is limited by drug solubility, 

dissolution rate and absorbability. These include the use of particle size manipulation via 

micronization and nanonization, use of complexing agents such as cyclodextrins, the 

preparation of high energy drug states related to polymorphic or amorphic transformations 

use of co-solvents, micellar solutions and lipid based systems for lipophilic drugs [17-19]. 

The strategies that can be used for this purpose can be broadly classified into: formulation 
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based approach and structure based approach. The former involves inclusion of various 

solubility enhancers such as hydrophilic polymers, cyclodextrins, surfactants, oils and 

liposomes which produce an apparent increase in solubility. The second approach involves 

modification either in the physical structure or chemical structure. The various techniques 

used for solubility enhancement are further classified as follows: 

Physical modifications 

 Particle size reduction 

 Micronization 

 Sonocrystallization 

 Crystal engineering 

 Modification of crystal habit 

 Polymorphs 

 Pseudopolymorphs 

 Drug dispersion in carriers 

 Eutectic mixtures  

 Solid dispersions  

 Solid solutions  

 Complexation  

 Use of complexing agents like cyclodextrins  

 Lipid-based systems  

 Microemulsions  

 Self emulsifying drug delivery systems  

Chemical Modifications  

 Formation of salts and prodrugs 

 Cosolvency  

 Co-crystallization  

 Hydrotrophy  

 Solubilizing agents  

 Liquisolid technology  
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Nanotechnology Based Approaches  

 Nanosponges  

 Nanocrystals  

 Nanosuspensions 

 

1.3.1 Physical Modifications  

1.3.1.1 Particle Size Reduction  

Particle size reduction can be achieved by micronization and nanosuspension. Each 

technique utilizes different equipments for reduction of the particle size.  

a. Micronization 

The solubility of drug is often intrinsically related to drug particle size. By reducing the 

particle size, the increased surface area improves the dissolution properties of the drug. 

Conventional methods of particle size reduction, such as communition and spray drying, 

rely upon mechanical stress to disaggregate the active compound. The micronization is 

used to increased surface area for dissolution. Micronization increases the effective surface 

area of the drug, thereby increases its dissolution rate but it does not increase equilibrium 

solubility [20]. 

b. Nanosuspension 

Nanosuspensions are finely colloidal dispersion of solid particles of drug, which are 

stabilized by surfactants [21]. Nanosuspension offers an advantage of increased dissolution 

rate due to larger effective surface area. The absence of ostwald ripening is attributed to the 

uniform and narrow particle size range obtained by nanosuspensions, which eliminates the 

factor of concentration gradient. Homogenization and wet milling are the techniques used 

for the production of nanosuspension, where, active drug is defragmented by milling in the 

presence of surfactant. Other technique applied for the production of nanosuspension 

involves the spraying of a drug solution, dissolved in a volatile organic solvent, into a 

heated aqueous solution. In the presence of surfactants, the rapid solvent evaporation is 

taking place which leads to drug precipitation.  

c. Sonocrystallization  

The novel approach for particle size reduction on the basis of crystallization by using 

ultrasound is sonocrystallization[22]. Sonocrystallization utilizes ultrasound power 

characterized by a frequency range of 20–100 kHz for inducing crystallization. It’s not 
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only enhances the nucleation rate but also an effective means of size reduction and 

controlling size distribution of the active pharmaceutical ingredients. 

1.3.1.2 Modification of the Crystal Habit/Crystal Engineering 

Crystal engineering approaches, offers a substitute and potentially productive method for 

improving the solubility, dissolution rate and thereby the bioavailability of poorly soluble 

drugs [23]. This technique can potentially be applied to a wide range of crystalline 

materials. The literature available on crystallization and micronization have revealed that 

increase in effective surface area influences the wettability and subsequent dissolution of 

an API. Various studies performed in the past has demonstrated that change in the crystal 

morphology of the drug improves its in vitro dissolution rate with enhanced potential for 

improving bioavailability. The habit modification of dipyridamole by crystallization using 

different solvents, additives and crystallization conditions has been already reported [24]. 

Studies have also revealed that the dissolution rate of drug depends on the crystal habit 

[25]. Even the method used for crystal engineering affect the shape of the crystal and 

ultimately the solubility of the drug. Crystal engineering is a promising approach for the 

enhancement of dissolution rate of the drug. A limited work has been reported about the 

habit modification that has resulted in remarkable enhancement of systemic exposure in 

human subjects or in suitable animal models [20].  

Chloramphenicol palmitate was the first drug on which the influence of crystalline 

modification was checked on its dissolution and bioavailability. Metastable polymorph B 

forms of the drug showed the greater absorption in humans than polymorph A [26]. Hence, 

it was concluded that the metastable form of the other drugs also can be exploited for 

achieving the enhanced solubility and bioavailability of the drug. Other studies showed 

that the metastable crystalline forms of phenobarbital, spironolactone and carbamazepine 

have the ability to provide enhanced dissolution [27-29]. 

1.3.1.3 Complexation  

Complexation is formation of a non-bonded entity with a well-defined stoichiometry by an 

association between two or more molecules. It is dependent on relatively weak forces such 

as hydrogen bonding, London forces, and hydrophobic interactions [30]. Caffeine forms an 

absorbable complex with ergotamine tartrate thereby enhancing its dissolution rate by a 

factor of three and at intestinal pH caffeine has been found to increase the in vitro 
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partitioning of ergotamine into lipid phase [31]. Besides caffeine, other complexing agents 

include theobromine, gentisic acid, salicylic acid, ferrulic acid and nicotinamide. Higuchi 

T., investigated the complexing of caffeine with a number of acidic drugs [32]. They 

attributed the interaction between caffeine and a drug such as sulfonamide or a barbiturate 

to a dipole-dipole force or hydrogen bonding between the polarized carbonyl groups of 

caffeine and the hydrogen atom of the acid.  

The dissolution rate of famotidine, a potent drug in the treatment of gastric and duodenal 

ulcers, and that of tolbutamide, an oral antidiabetic drug are both increased by 

complexation with β-CD [33, 34]. However, β-CD is often associated with nephrotoxicity 

when administered by parenteral route. Derivatives of natural crystalline CD have been 

developed to improve the water solubility and to avoid toxicity. Amorphous derivatives of 

β-CD and γ-CD are more effective as solubilizing agents for sex hormones than the parent 

CD. Complexes of testosterone with amorphous hydroxypropyl β-CD allow an efficient 

transport of the hormone when given sublingually [35]. 

1.3.1.4 Solubilization by Surfactants  

Surfactants are the molecules which have different polar and nonpolar regions. Most of the 

surfactants consist of a hydrocarbon part linked to a polar group, that can be anionic, 

cationic, zwitterionic or nonionic [36].  

a. Microemulsions 

 A microemulsion has four-components that are composed of external phase, internal 

phase, surfactant and co-surfactant. The addition of surfactant, results in the formation of 

an visually clear, isotropic, thermodynamically stable emulsion, which is termed as 

microemulsion with the dispersed phase having < 0.1 μ droplet diameter. The formation of 

microemulsion does not involve the input of external energy and is spontaneous, unlike 

coarse emulsions. The surfactant and the cosurfactant substitute each other and form a 

mixed film at the interface, which contributes to the stability of the microemulsions [37].  

b. Self Microemulsifying Drug  Delivery System (SEDDS) 

Self-emulsifying formulations are physically stable, isotropic mixtures of oil, surfactant, 

co-surfactant and solubilized drug that are suitable for oral delivery in soft or hard gelatin 

or HPMC capsules [38]. Depending on the type and concentration of excipients used, 

aqueous dilution results in spontaneous emulsification having droplet size ranging from 

100 nm (SEDDS) to > 50 nm (SMEDDS)[39]. 
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Cyclosporin A (CsA) is a potent immunosuppressive drug used in organ transplantation. It 

is a cyclic undecapeptide with very poor aqueous solubility. Sandimmun Neoral® is a 

microemulsion formulation of CsA with improved bioavailability. Tipranavir (TPV), a 

potent anti-HIV drug showed a two-fold higher bioavailability when formulated as SEDDS 

[40]. Self-microemulsifying formulations of simvastatin were prepared by for oral 

bioavailability enhancement [41]. Various combinations of oils, surfactants and co 

surfactants were investigated and efficient self-emulsification region was identified by 

constructing pseudo-ternary phase diagrams. Optimized formulations were evaluated for in 

vitro dissolution and bioavailability in beagle dogs and compared with conventional 

marketed tablet. A 1.5 fold increase in bioavailability was found with SMEDDS than the 

conventional tablet. A self-emulsifying formulations of Coenzyme Q10 using 

polyglycolized glycerides as emulsifiers was prepared using Myvacet 9-45 and Captex 200 

as oils, Labrafac CM 10 and Labrasol as surfactants and lauroglycol as co surfactants[42]. 

Various parameters such as in vitro self emulsification and droplet size were studied as 

well as pseudo ternary phase diagrams were constructed to identify the self emulsification 

region. Effect of co surfactants on self emulsification and and chain length of the oils on 

solubility were studied. A two fold increase in bioavailability was observed in comparison 

with a powder formulation.  

A self-emulsifying formulation of indomethacin was prepared to increase its in vitro 

dissolution and in vivo absorption. Oral administration of the formulation led to a 57% 

increase in bioavailability whereas rectal administration of the self emulsifying system in 

hollow gelatin shells led to a 41% increase in the bioavailability of indomethacin [43]. 

Julianto et. al., conducted a single dose study to evaluate the bioavailability of a novel self-

emulsifying Vitamin E preparation, in comparison to a commercial product available as 

soft gelatin capsules[44]. The self-emulsifying formulation achieved a faster rate and 

higher extent of absorption. A statistically significant difference was observed between the 

two preparations in the parameters of AUC, Cmax and Tmax [45]. Pang et.al., developed a 

stable formulation for self microemulsifying drug delivery systems in order to enhance the 

solubility, release rate, and oral absorption of the poorly water soluble drug silymarin. 

They showed that differences in release medium significantly influenced the drug release 

from SMEDDS, and the release profiles of silymarin from SMEDDS was higher than that 

for commercial capsules, and significantly higher than that for commercial tablets. 
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1.3.1.5 Drug Dispersion in Carriers  

Solid dispersions 

Molecular or near molecular dispersions of poorly soluble drugs in carriers combines the 

benefits of a local increase in the solubility and maximizing the surface area of the 

compound that comes in contact with the dissolution medium as the carrier dissolves[46]. 

These dispersions are classified into the following: a] Simple eutectic mixtures b] Solid 

solutions that may be latter further classified into i] Continuous solid solutions or ii] 

Discontinuous solid solutions, depending on their miscibility.  

A simple eutectic mixture consists of two compounds which are completely miscible in the 

liquid state but only to a very limited extent in the solid state. When a mixture of A and B 

with composition E is cooled, A and B crystallize out simultaneously. Solid eutectic 

mixtures are usually prepared by rapid cooling of a comelt of the two compounds in order 

to obtain a physical mixture of very fine crystals of the two components. When a mixture 

with composition E, consisting of a slightly soluble drug and an inert,highly water soluble 

carrier ,is dissolved in an aqueous medium, the carrier will dissolve rapidly, releasing very 

fine crystals of the drug[47].The large surface area of the resulting suspension should result 

in an enhanced dissolution rate and thereby improved bioavailability.  

Solid solutions are comparable to liquid solutions, consisting of just one phase irrespective 

of the number of components. They consist of the drug dispersed molecularly in a highly 

water soluble carrier. By judicious selection of the carrier, the dissolution rate of the drug 

can be increased by upto several orders of magnitude. Discontinuous solid solutions are 

those in which the solubility of each of the component in the other is limited. Depending 

on the location of the solvate molecules in the solvent, solid solutions can be substitutional 

crystalline, interstitial crystalline or amorphous solid solutions. In substitutional solid 

solutions, solvent molecules in the crystal lattice are substituted by solute molecules. In 

interstitial solid solutions, the dissolved molecules occupy the interstitial spaces between 

the solvent molecules in the crystal lattice. The solute molecules should have a molecular 

diameter that is not greater than 0.59 of the solvent’s molecular diameter. In amorphous 

solid solutions, the solute molecules are dispersed molecularly but irregularly within the 

amorphous solvent. With griseofulvin in citric acid, it was reported that the formation of an 

amorphous solid solution led to improvement in drug’s dissolution properties [48]. Carriers 

that were used include urea and sugars such as sucrose, dextrose and galactose, organic 
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polymers such as polyvinylpyrrolidone (PVP), polyethylene glycol (PEG) and various 

cellulose derivatives. The improvement in dissolution characteristics is attributed to factors 

like: a) presence of drug in molecular form b) low energy required to break up the 

crystalline structure, c) inhibition of precipitation of the drug from supersaturated solution 

due to presence of carrier, d) improvement in wettability of the drug.  

Two commonly used methods for preparing solid solutions/dispersions are hot melt and 

solvent evaporation method. Hot melt method was used to prepare simple eutectic 

mixtures. Numerous modifications were introduced to improve the process such as 

injection molding, spraying the hot melt onto a cold surface, hot melt extrusion and hot 

spin melting. Solvent evaporation method was used for preparing solid dispersions of β 

carotene in polyvinyl pyrrolidone. 

1.3.1.6 Powder Solution Technology 

Liquisolid Compacts 

A recent entrant into this arena of techniques for enhancing solubility is the liquisolid 

tablet technology[49]. These systems are acceptably flowing and compressible powdered 

forms of liquid medications that imply liquid lipophilic (oily) drugs or water-insoluble 

solid drugs dissolved in a suitable water-miscible solvent system. Such liquid medication 

may be converted into a dry-looking, nonadherent, free-flowing and readily compressible 

powder by a simple admixture with selected powder excipients referred to as carriers and 

coating materials. However, even though in the liquisolid and powdered solution systems 

the drug might be in a solid dosage form, it is held within the powder substrate in solution 

or in a solubilized, almost molecularly dispersed state. Therefore, due to their significantly 

increased wetting properties and increased surface of drug available for dissolution, 

liquisolid compacts of water-insoluble substances may be expected to display enhanced 

drug release properties and therefore improved bioavailability [50].  

1.3.2 Chemical Modifications 

1.3.2.1 Formation of Salts and Prodrugs 

For organic solutes, most effective means of increasing aqueous solubility is by changing 

the pH of the system. A drug that can be efficiently solubilized by pH control should be 
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either weak acid with a low pKa or a weak base with a high pKa. There is little effect of 

pH on non-ionzable substances. Non-ionizable, hydrophobic substances exhibit improved 

solubility by changing the dielectric constant of the solvent by the use of cosolvents rather 

than changing the pH of the solvent [51].  

Scientists are directing their efforts on prodrug strategy as a chemical/biochemical 

approach to overcome various barriers which can hinder drug delivery, including 

solubility. Placing a polar functional group in the structure of a molecule with limited 

aqueous solubility should enhance solubility. In the case of a prodrug, that functionality 

would have to be removed/modified, either chemically or enzymatically, to regenerate the 

parent drug. An excellent example of a non-ionizable drug used to achieve better oral 

delivery is the drug sulindac as a more water-soluble delivery form of its sulfide 

metabolite, which is an effective NSAID. The sulfoxide group is more polar and therefore 

has better interaction with the solvent than the reduced sulfide. 

Many prodrugs designed to increase water solubility involve the addition of an ionizable 

promoiety to the parent molecule. Because charged molecules have greater difficulty in 

crossing biological barriers, one must balance increased water solubility with the potential 

for decreased permeability. Many recent examples have focused on the use of the 

phosphate group either directly linked to the parent drug, where possible, or through a 

linker group such as formaldehyde [Stella V; 1996].Unlike some other promoieties, many 

phosphate esters show good chemical stability while undergoing rapid and often 

quantitative cleavage in vivo via alkaline phosphtases. Forsamprenavir, a phosphate 

prodrug of the HIV protease inhibitor, amprenavir in the form of a calcium salt is 10 times 

more soluble than amprenavir [52]. 

1.3.2.2 Co-crystallization  

A co-crystal is a crystalline material that consists of two or more (electrically neutral) 

species held together by non-covalent forces. The term encompasses a whole range of 

complexes such as molecular complexes, solvates, inclusion compounds, channel 

compounds and clathrates [53]. For the modification of an API, pharmaceutical co-

crystallisation is developing as an attractive alternative to polymorphs, salts and solvates.  

Many co-crystals have been prepared with co-crystallising agents which are generally 

recognized as safe [54]. Co-crystals can be prepared by grinding the components together 
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and by evaporation of a heteromeric solution. Other techniques like growth from melt, 

sublimation, and slurry preparation has also been reported [55]. It has been observed that 

the addition of small amounts of solvents during the grinding process shows enhanced 

kinetics of co-crystal formation [56].  

1.3.2.3 Co-solvency  

The addition of co-solvent to water can produce a dramatic increase in the solubility of 

drugs particularly weak electrolytes and non polar molecules[57]. Most co-solvents have 

hydrogen bond donor and acceptor groups along with the small hydrophobic regions [58] . 

The hydrophilic hydrogen bonding groups provides water miscibility, whereas the 

hydrophobic regions are responsible for hydrogen bonding network, reducing overall 

intermolecular attraction of water.  

The water soluble organic solvents used in commercially available solubilized oral 

formulations are polyethylene glycol 400, ethanol, propylene glycol and glycerine. 

Etoposide, a sparingly water soluble antineoplastic agent is solubilized in a cosolvent 

mixture of PEG 400, glycerine, citric acid and water in 50 mg VePesid soft gelatin 

capsules. Digoxin is solubilized in a cosolvent mixture of propylene glycol, PEG 400 and 

8% ethanol in 200 μg soft gelatin capsules. The oral bioavailability was observed to be 90-

100% in comparison to solid tablet formulations which have a bioavailability of 60-

80%[59] . Ritonavir, an HIV protease inhibitor with peptide-like structure, has an intrinsic 

water solubility of 1μg/ml and two weakly basic thiazole groups with pKas of 1.8 and 2.6 

[60]. 

1.4 Selection of Techniques for Solubility Enhancement 

It is estimated that between 40% and 70% of all new chemical entities identified in drug 

discovery programs are insufficiently soluble in aqueous media. The increase in the 

proportion of poorly soluble candidates is frequently attributed to improvements in 

synthesis technology. Various physicochemical properties which contribute to the poor 

solubility of various drugs include their complex structure, size, high molecular weight, 

high lipophilicity, compound H-bonding to solvent, intramolecular H-bonding, 
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intermolecular H-bonding (crystal packing), crystallinity, polymorphic forms, ionic charge 

status, pH, and salt form. 

Lipinski’s rule of five has been widely proposed as a qualitative predictive model for the 

assessment of absorption of poorly absorbed compounds. In the discovery setting “the rule 

of 5” predicts that poor absorption or permeation is more likely when there are more than 5 

H-bond donors, 10 H-bond acceptors, the molecular weight is greater than 500, and the 

calculated Log P is greater than 5. The rule of five only holds for compounds that are not 

substrates for active transporters and efflux mechanisms [61]. Thus, in vivo assessment of 

new drug candidates in animal model is performed to assess the absorption of drug. Poorly 

absorbed drugs pose a challenge to the formulation scientists to develop suitable dosage 

form which can enhance their bioavailability. 

Broadly, poorly soluble drugs can be formulated in three different forms to overcome the 

challenge of poor absorption—crystalline solid formulations, amorphous formulations, and 

lipid formulations [62]. Various strategies have been widely investigated to enhance the 

bioavailability of poorly absorbed drugs in order to increase their clinical efficacy when 

administered orally (Table 1.1). 

1.4.1 Crystalline Solid Formulations 

One of the approach to improve the dissolution rate of the drug is the modification of the 

physicochemical properties such as salt formation and micronization of the crystalline 

compound to increase the surface area and thus dissolution may be. The nanocrystal 

technology can reduce the crystalline particle size to 100–250 nm using ball-milling , dense 

gas technologies, and so forth. However, these methods have their own demerits. For 

illustration, it is not feasible to prepare the salt form of neutral compounds. Particle size 

reduction may not be desirable for certain drugs, for which the reduction in size decreases 

the solubility of the drug [63]. 

1.4.2 Amorphous Formulations 

Amorphous formulations include “solid solutions” which can be formed using a variety of 

technologies including spray drying and melt extrusion. Amorphous formulations may 

include surfactants and polymers providing surface activity during dispersion. 
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Other formulation strategies which are most popularly adopted to enhance the 

bioavailability of such drugs include the complexation with cyclodextrins, formulation of 

polymeric conjugates, nanoparticles, solid lipid nanoparticles (SLN), use of permeation 

enhancers, and surfactants. 

1.4.3 Lipid Formulations 

In recent years, a great deal of interest has been focused on lipid based carrier systems. The 

most popular approach is the incorporation of the active poorly water soluble component 

into inert lipid vehicles such as oils, surfactant dispersions, solid dispersions, solid lipid 

nanoparticles, emulsions, microemulsions, nanoemulsions, self-emulsifying formulations 

(SEF), micro/nanoemulsifying formulations, and liposomes. 

 

TABLE 1.1 Strategies for the formulation of poorly absorbed drugs 

Technology Potential advantage Potential 

disadvantage 

References 

Conventional 

micronization 

Known technology,  

freedom to operate, 

solid dosage form 

possible 

Poor control of the size 

distribution of the 

particles, insufficient 

improvement in 

dissolution rate 

64 

Nanocrystals 

obtained by ball-

milling 

Established products in 

the market, 

experienced technology, 

solid dosage form 

possible 

Available only under 

license, secondary 

process required to 

avoid aggregation of 

nanocrystals 

65 

Nanocrystals 

obtained by dense 

gas technology 

Alternative nanocrystal 

processing method, still 

room to develop new IP 

Unproven technology,  

secondary process 

required to avoid 

aggregation of 

nanocrystals 

66 

‘‘Solid solutions’’—

drug immobilized in 

Freedom to operate, 

new extrusion technology 

Physical stability of 

product questionable, 

67 
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polymer offers solvent-free 

continuous process, 

fast and continuous 

process,  

low cost 

possibility of 

crystallization of drug 

or polymer 

Self-dispersing 

‘‘solid solutions’’ 

with surfactants 

Steric hindrance to 

aggregation built into 

product, amenable to 

extrusion 

Physical stability of 

product 

questionable, drug may 

crystallize 

68 

Nanoparticles and 

solid lipid 

nanoparticles 

Controlled-release of 

drug, 

reduced variability 

Low drug loading, 

drug expulsion after 

polymorphic transition,  

high water content 

69 

Lipid solutions 

(LFCS Type I lipid 

systems) 

GRAS status, simple,  

safe, and effective for 

lipophilic actives; drug is 

presented in solution 

avoiding the dissolution 

step, excellent capsule 

compatibility 

Poor solvent capacity, 

limited to highly 

lipophilic or very 

potentdrugs,  

requires encapsulation 

70 

Self-emulsifying 

drug delivery 

systems (SEDDS) 

and SMEDDS 

(LCFS Type II or 

Type III lipid 

systems) 

Prior art available,  

dispersion leads to rapid 

absorption and reduced 

variability, 

absorption not dependent 

on digestion 

Surfactant may be 

poorly tolerated in 

chronic use,  

soft gel or hard gel 

capsule can be used but 

seal must be effective, 

possible loss of solvent 

capacity on dispersion 

(Type III) 

71 

Solid or semisolid 

SEDDS 

Could be prepared as a 

free flowing powder, 

filled in capsules or 

compressed into tablet 

Surfactant may be 

poorly tolerated in 

chronic use, 

physical stability of 

72 
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form, reduced problem of 

capsule leakage 

product 

questionable, drug or 

polymer may 

crystallize 

Surfactant-cosolvent 

systems (LFCS Type 

IV ‘‘lipid’’ systems) 

Relatively high solvent 

capacity for many drugs 

(due to surfactant), 

disperses to micellar 

solution, reduced 

variability and irritancy 

(due to dispersion of 

surfactant by cosolvent) 

Surfactant may be 

poorly tolerated in 

chronic use, loss of 

solvent capacity on 

dispersion, significant 

threat of drug 

precipitation on 

dilution 

73 

 

1.5 Hypertension 

High blood pressure (BP) is a major public health problem globally. The increase in blood 

pressure is considered to be a major risk factor in the development of cardiovascular 

diseases (CVD) leading cause of death worldwide, accounting WHO report an estimated 

14 million deaths in 1990 and projected to cause 25 million deaths in 2020. The 

relationship between blood pressure and risk of CVD is continuous, consistent and 

independent of other risk factor. Hypertension is common in both developed and low- and 

middle-income countries [74]. The recent study shows that nearly half of treated patients 

are not able to achieve desired blood pressure targets. 

1.5.1 Classes of Antihypertensive Drugs 

1.5.1.1 Angiotensin Converting Enzyme (ACE) Inhibitors  

ACE inhibitors or angiotensin converting enzyme inhibitors, are a group of 

pharmaceuticals that are used primarily in treatment of hypertension and congestive heart 

failure Primarily angiotensin converting enzyme inhibitors reduce the activity of the renin-

angiotensin-aldosterone system. 
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1.5.1.2 Angiotensin – II Receptor Antagonist (ARB)  

Angiotensin II receptor antagonists, also known as angiotensin receptor blockers (ARBs), 

AT1-receptor antagonists or sartans, are a group of pharmaceuticals which modulate the 

renin angiotensin aldosterone system. Their main use is in hypertensive (high blood 

pressure), diabetic nephropathy (kidney damage due to diabetes) and congestive heart 

failure .These substances are AT1-receptor antagonists – that is, they block the activation 

of angiotensin II AT1 receptors. Blockade of AT1 receptors directly causes vasodilation, 

reduces secretion of vasopressin, reduces production and secretion of aldosterone, amongst 

other actions – the combined effect of which is reduction of blood pressure. 

1.5.1.3 Beta Blockers (β-blocker)  

β-blockers is a class of drugs used for various indications, but particularly for the 

management of cardiac arrhythmias, cardioprotection after myocardial infarction (heart 

attack), and hypertension. As beta adrenergic receptor antagonist, they diminish the effects 

of epinephrine (adrenaline) and other stress hormones. Beta blockers may also be referred 

to as beta-adrenergic blocking agents, beta-adrenergic antagonists, or beta antagonists. 

Beta blockers block the action of endogenous catecholamines (epinephrine (adrenaline) 

and norepinephrine (noradrenaline) in particular), on β-adrenergic receptors, part of the 

sympathetic nervous system which mediates the "fight or flight " response. There are three 

known types of beta receptor, designated β1, β2 and β3. β1- Adrenergic receptors are 

located mainly in the heart and in the kidneys. β2-Adrenergic receptors are located mainly 

in the lungs, gastrointestinal tract, liver, uterus, vascular smooth muscle, and skeletal 

muscle. β3-receptors are located in fat cells. 

1.5.1.4 Calcium Channel Blockers  

Calcium channel blockers (CCBs) are a class of drugs and natural substances that disrupt 

the calcium (Ca2+) conduction of calcium channels. It has effects on many excitable cells 

of the body, such as cardiac muscle, i.e. heart, smooth muscles of blood vessels, or 

neurons. Calcium channel blockers work by blocking voltage-gated calcium channels 

(VGCCs) in cardiac muscle and blood vessels. This decreases intracellular calcium leading 

to a reduction in muscle contraction. In the heart, a decrease in calcium available for each 
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beat results in a decrease in cardiac contractility. In blood vessels, a decrease in calcium 

results in less contraction of the vascular smooth muscle and therefore an increase in 

arterial diameter (CCB's do not work on venous smooth muscle), a phenomenon called 

vasodilation. Vasodilation decreases total peripheral resistance, while a decrease in cardiac 

contractility decreases cardiac output. Since blood pressure is determined by cardiac output 

and peripheral resistance, blood pressure drops. 

1.6 Dissolution Method Development and Validation 

Dissolution tests are used to assess lot-to-lot quality of a drug product in the development 

of new formulations and in the assurance of product quality and performance after certain 

changes, such as in the formulation and the manufacturing process [75] .The dissolution 

performance test is a required test for all solid oral dosage forms for product release testing 

and used as a predictor of a drug product in vivo performance.  The detailed guideline for 

the development and validation of dissolution method has been described by the United 

States Pharmacopeia (USP) and Food and Drug Administration (FDA). Dissolution 

method development is a crucial component for every new drug application submitted to 

FDA [76]. 

1.6.1 Dissolution Procedure Development  

The dissolution procedure has several distinct components. These components include a 

dissolution medium, an apparatus, the study design (including acceptance criteria), and the 

mode of assay. All of these components must be properly chosen and developed to provide 

a method that is reproducible for within laboratory day-to-day operation, and robust 

enough to enable transfer to another laboratory.  

1.6.2 The Dissolution Medium  

Selection of the most appropriate media conditions is based on discriminatory capability, 

robustness, stability of the analyte in the test medium, and relevance to in vivo 

performance, where possible. When selecting the dissolution medium, physical and 

chemical data for the drug substance and drug product need to be considered, e.g. the 

solubility and solution state stability of the drug as a function of the pH value. Other 
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critical drug product properties include the release mechanism (immediate, delayed, or 

modified) and disintegration rate as affected by formulation hardness, friability, presence 

of solubility enhancers, and presence of other excipients. When selecting the composition 

of the medium, the influence of buffers, molarity, pH, and surfactants on the solubility and 

stability of the drug also need to be evaluated. For any dissolution medium to be used as a 

successful tool for quality control, sink condition has to be maintained by the media used 

throughout the dissolution test [77]. Sink conditions are defined as the volume of medium 

that is at least three times that required in order to form a saturated solution of drug 

substance. Dissolution results will more accurately reflect the properties of the dosage 

form when sink conditions are present [78]. 

1.6.3 The Dissolution Apparatus  

USP has described seven different types of dissolution test apparatus to be used according 

to the dosage form being evaluated. For the conventional dosage forms like tablets and 

capsules most commonly used dissolution test apparatus are Type I and Type II. The 

apparatus related factors such as paddle speed affects the hydrodynamic flow around 

dosage form and hence the selection of dissolution apparatus is the important factors to be 

considered in the development of dissolution method [79]. 

1.6.4 Dissolution Study Design  

In vitro drug release is evaluated by generating dissolution profile of drug released over 

time. The release profile of drugs is obtained by single or multiple point method wherein 

the dissolution medium is collected at various time intervals and analyzed for the drug 

content. Selection of time point depends on the dosage form. For immediate release dosage 

form, 30 to 60 min dissolution profile is generated whereas extended release dosage forms, 

the time points are decided based on their duration of action [80]. 

1.6.5 Analysis of dissolution sample  

UV spectroscopy and HPLC are two common methods used for analysis of dissolution 

samples. As the Spectrophotometric determinations are simple, fast and require less 

solvent, they are considered as method of choice for analysis. However, when dosage 
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forms are made with the excipient that have tendency to interfere in analysis, HPLC 

method is preferably used to increase sensitivity of the drug in dissolution media [80].  

1.6.6 Dissolution Procedure Validation  

Validation is carried out to make sure the method or procedure accomplishes its intended 

purpose. Dissolution testing is accommodated in USP category III, which are analytical 

procedures for the determination of performance characteristics. Since dissolution is a 

quantitative test, all of the analytical performance characteristics apply, with the exception 

of the limit of detection. And while the various validation performance characteristics 

listed in USP chapter 1225 are well defined in a general sense, the specifics of how the 

analytical performance characteristics apply to dissolution testing deserves a little more 

focus. 

The following parameters are generally performed to validate the dissolution method [81]. 

 

Specificity/Placebo Interference  

Linearity and Range  

Accuracy and Recovery  

Precision  

Robustness 

1.7 Definition of Problem 

Solubility is an important determinant in drug liberation and absorption and hence plays a 

key role in its bioavailability [82]. For a drug to be absorbed, it must be present in the form 

of an aqueous solution at the site of absorption. Aqueous solubility of the drug can be 

regarded as a key factor responsible for low oral bioavailability of poor water soluble drugs 

thereby limiting their therapeutic potential. Other issues related to low oral bioavailability 

for a sparingly soluble drug are lack of dose proportionality, substantial food effect, and 

high intra and inter subject variability, gastric irritancy and slow onset of action. General 

view on the solubility problem of various BCS Class II drugs suggests that their 

bioavailability is limited by drug solubility/dissolution and thus it is formulation dependent 

[83-85]. 
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Developing a new chemical entity with effective pharmacological activity costs minimum 

of 1.3 billion dollars. Also, the growing percentage of NCEs displaying solubility issues 

demands technologies  that can enhance drug solubility to increase the number of drug 

molecules suitable for formulation development. Hence the efforts made to increase the 

bioavailability of existing molecule by increasing their solubility can give effective and 

economic drug formulation. 

1.8 Rationale of Work 

Hypertension is a major contributor to global disease burden, occurring as an insidious 

accompaniment to aging populations. It is estimated to have caused 7.1 million premature 

deaths in 2002 and is an ever-increasing worldwide problem. It is a well-recognized risk 

factor for cardiovascular disease. A substantial majority of hypertensive patients require 

long-term drug therapy for appropriate blood pressure control. Although there are many 

classes of antihypertensive drugs for clinical use, calcium channel blockers (CCBs) have a 

special role in the management of hypertension owing to their well-established safety and 

efficacy [86].  

Lercanidipine (LER) and Cilnidipine (CLN) are new generation lipophilic, dihydropyridine 

calcium antagonists with a long receptor half-life [87]. Both the agents belong to BCS 

Class II drugs having low solubility and high permeability. LER and CLN are available in 

dosage form of 10 mg and have mean half-lives of 2.8 h and 2.5 h respectively.  After oral 

administration although LER and CLN is absorbed from the gastrointestinal tract, their  

absolute bioavailability is approximately 10% and 13 %.These pharmacokinetic parameters 

suggest that formulation with better bioavailability of Lercanidipine hydrochloride and 

Cilnidipine can be obtained if its solubility is enhanced. 

Moreover, Lercanidipine Hydrochloride is not official in any pharmacopeia and currently 

no quality control or discriminatory dissolution method is available for raw material and 

tablets [88]. And hence no dissolution method is available for the quality control testing of 

LER dosage forms.  
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1.9 Aim and Objectives of work 

The aim of present work is to enhance the solubility of poorly water soluble drug 

Lercanidipine Hydrochloride and Cilnidipine. To meet the desired aim, solid dispersion, 

inclusion complex, liquisolid compacts and nanosuspension approaches of solubility 

enhancement will be investigated. Formulations thus obtained will be subjected to 

optimization and characterization followed by in vitro and in vivo studies. This may result 

in rapid drug delivery, maximized therapeutic index, reduced side effects and reduced 

dose/frequency of dosing and perhaps cost of therapy. 

The aim of present study is also to develop and validate a dissolution method for LER 

tablets that can be used as routine quality control test for evaluation of dissolution behavior 

of LER.  

Based on the aim targeted, following objectives were identified for the present research 

work 

a. Development and validation of suitable analytical and bioanalytical methods for 

estimation of LER and CLN in bulk, pharmaceutical formulations and biological 

matrices. 

b. To perform the preformulation studies to establish physiochemical data of LER and 

CLN. 

c. Enhancement of solubility, in vitro dissolution and oral absorption of LER by 

various approaches. 

 To prepare solid dispersion and inclusion complex of LER and solid state 

characterization of same to establish the mechanism of improvement in drug 

solubility. 

 In vivo assessment of optimized formulations in the laboratory animals to 

compare the extent of improvement in oral absorption.  

d. Enhancement of solubility, in vitro dissolution and oral absorption of CLN by 

various approaches. 

 To prepare and optimize liquisolid compacts and nanosuspension of CLN 

using QbD approaches. 

 Solid state characterization of optimized formulations of CLN to establish 

the mechanism of improvement in drug solubility. 
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 In vivo assessment of optimized formulations in the laboratory animals to 

compare the extent of improvement in oral absorption.  

e. Development and validation of dissolution method for evaluation of dissolution 

behavior of LER. 
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CHAPTER 2 

Literature Review 

2.1 Literature Review on Dissolution Method Development 

Voucher L.C., developed and validated a dissolution test for telithromycin tablets and a UV 

spectrophotometric method for the quantitation of the drug from the dissolution study [1]. 

The study was carried out in 900 mL of sodium phosphate buffer at pH 7.5, with paddles at 

50 rpm stirring speed, time test set to 60 min and using USP apparatus 2 with paddles. The 

UV spectrophotometric method for determination of telithromycin was validated and 

showed to be specific, linear, precise and accurate. The method was successfully used for 

the dissolution test of telithromycin tablets. 

 

Löbenberg et. al., performed the dissolution study of two commercially available 

glibenclamide formulations on USP 23 apparatus 2, to investigate if the use of biorelevant 

dissolution media (BDM) would be beneficial over the use of regular media, for envisaging 

the in vivo performance of the two formulations [2]. The dissolution of two formulations 

was found to be dependent on wetting, particle size, pH, and the composition of the medium 

used. The comparison of dissolution behavior of both the formulations with in vivo 

bioequivalence study proved BDM to be the better dissolution media. 

 

Soni et. al., developed a dissolution procedure for aceclofenac, a nonsteroidal anti-

inflammatory drug [3]. The parameters such as solubility, dissolution behavior of 

formulations, surfactant type, influence of sink conditions, medium pH, stability, and 

discriminatory effect of dissolution testing were studied for the selection of a proper 

dissolution medium. Results revealed that the drug and marketed formulations were stable 

in the dissolution media used. It was found that the discriminating dissolution method (with 

900 mL of pH 6.8 phosphate buffer at 37 ± 2 °C, a paddle speed of 50 ± 5 rpm.), for film-
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coated aceclofenac formulations, and a 60-min test provided satisfactory results for all 

products.  

He et. al., developed a dissolution medium of  pH 4.5 acetate buffer containing 0.05% 

sodium dodecyl sulfate (SDS) for nimodipine tablets [4]. A significant difference in the 

dissolution rate between two brands of nimodipine tablets was observed in the newly 

developed dissolution medium. The dissolution data obtained indicated the superiority of the 

proposed system as a discriminatory dissolution medium for nimodipine tablets. The relative 

bioavailability of the two brands of nimodipine tablets was determined in healthy adult 

volunteers after a single dose in a randomized crossover study. Plasma concentrations were 

determined by a liquid chromatography–tandem mass spectrometry method. Statistical 

comparison of the pharmacokinetic parameters indicated a significant difference in the two 

brands of nimodipine tablets. 

 

Anand et. el., summarized that how dissolution testing is used for the approval of safe and 

effective generic drug products in the United States (US) [5]. The authors suggested that the 

dissolution testing is an important aspect of stability and quality control of dosage forms and 

the dissolution method should be developed using an appropriate validated method 

depending on the dosage form. It was noted that the dissolution testing may be used to waive 

in vivo bioequivalence (BE) study requirements, as BE documentation for Scale Up and Post 

Approval Changes (SUPAC). Thus, in vitro dissolution studies plays a key part in bringing 

down the unnecessary human studies in generic drug development with preserving the 

quality of the drug products. 

 

Gita et. al., developed the discriminatory dissolution method for Atorvastatin using a flow-

through cell (Apparatus 4) because dissolution performed using Apparatus 1 did not provide 

complete release of the drug within 60 min [6]. Based on the results of the solubility studies, 

phosphate buffer pH 6.8 with 1.5% SLS was selected as the dissolution medium. Various 

parameters such as flow rate and sample-loading method were optimized and the dissolution 

method was validated as per ICH guidelines. 

 

Seeger et. al., performed a study to screen the correlation of prednisone dissolution of USP 

Prednisone Tablets RS with vibration caused by a commercially available vibration source 

[7]. The study also included the investigation of effect of vibrations, on the drug release, 
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from a BCS class 1–4 drugs at different agitation rates. The results showed that the 

dissolution process of oral drug formulations can be affected by vibration. It was concluded 

that the impact of variation should be considered in method design and validation, to ensure 

the establishment of robust and predictive dissolution test methods. 

 

Kulkarni et. al., developed and validated a dissolution method for pioglitazone tablets. The 

satisfactory test conditions maintained were potassium chloride buffer at pH 1.5 (900 mL at 

37 ± 0.5 °C) as dissolution medium, paddle method (Apparatus 2), 75 rpm, and 60 min [8]. 

The UV spectrophotometric method was developed and validated with the linearity (r2 = 

0.999) in the concentration range of 10–60 μg/mL. The developed method was used to 

analyze the drug released after the dissolution study and the method was proved to be 

functional for the quality control of pioglitazone tablets. 

 

Glimepiride is practically insoluble in water and exists in two polymorphic forms, I and II, 

of which form II has higher solubility in water. Since the dissolution rate of drugs can be 

affected by crystal form, there is a need to develop discriminating dissolution methods that 

are sensitive to changes in polymorphic forms. Bonfilio et. al., a dissolution method for the 

estimation of 4mg glimepiride tablets was developed and validated [9]. The optimal 

dissolution conditions were 1000mL of phosphate buffer (pH 6.8) containing 0.1% (w/v) of 

sodium dodecyl sulfate as the dissolution medium and a stirring speed of 50 rpm using a 

paddle apparatus. The results indicated a significant influence of polymorphism on the 

dissolution properties of glimepiride tablets.  

 

Kumari et. al., developed and validated UV spectrophotometric methods for analysis of  

lercanidipine hydrochloride in bulk drug and pharmaceutical preparations [10]. Standard 

stock solution was prepared in methanol and further dilutions were carried out with same 

solvent. First order, second order, third order and fourth order derivative spectra were 

obtained for lercanidpine hydrochloride in the UV range of 200-400 nm.  Out of all 

derivative spectra D2 and D3 were used for the method development. The amplitude of the 

crest at 238nm for D2 and amplitude of crest at 234nm for D3 were measured.  In these 

methods the drug obeyed Beer-Lambert’s law in the concentration range of 2.5-60µg/ml.  

The linear regression equations were calculated to be y = 0.0484x-0.0213(R2=0.9991) for 

D0, y = -0.0062x+0.0011(R2=0.9993) for D2, and y= 0.0081x+0.0007(R2=0.9997) for D3 
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respectively. The results of estimation of marketed tablet formulations were found to be 

99.05±0.002 with their %RSD less than 2. The % recovery was found to be 97.218±0.175-

100.018±0.373, which indicates accuracy and reliability of the validated methods as well as 

non-interference from excipients to the developed methods. The intraday and inter day assay 

was within 2%. The methods were then validated statistically as per the ICH guidelines 

which yielded good results concerning range, precision, accuracy, specificity, robustness and 

ruggedness. 

 

Selvadurai et. al., developed and validated rapid and sensitive High Performance liquid 

chromatography (HPLC) method for estimation of lercanidipine hydrochloride in human 

plasma [11]. The analyte was extracted from human plasma by simple precipitation 

technique. Nifedipine was used as the internal standard. The method was carried out on a 

Princeton C18 (250 mm x 4.6 mm i.d., 5µ) column with a mobile phase consisting of 

acetonitrile: Water (adjusted to pH 3.5 using orthophosphoric acid) (55:45 v/v) at a flow rate 

of 1.0 ml/min. Detection was carried out at 235 nm. The retention time of Lercanidipine 

Nifedipine, was 5.31, 10.00 min, respectively. The proposed method has been validated with 

linear range of 5.0-250.0 ng/ml for Lercanidipine. The precision and accuracy values are 

within 10%. The overall recovery of Lercanidipine was 96.4 %. The developed and validated 

method was applicable for the pharmacokinetics studies. 

 

Charde et. al., analysed Lercanidipine hydrochloride in rabbit serum using developed HPLC 

method using UV detector [12]. The developed method was validated before application and 

it was found to be new, simple, and sensitive. After subjecting serum to simple and efficient 

one‐ step extraction procedure, 100 µl of sample was injected onto high‐ performance liquid 

chromatography system. The detector response was linear in the concentration range of 25–

1000 ng/ml. The developed method was validated as per standard guidelines. Validation 

demonstrated accuracy, precision, and selectivity of the proposed method. The drug was 

found to be stable under various processing and storage conditions. 

 

Chaudhari et. al., developed an accurate, precise and reproducible spectrophotometric 

method for estimation of Cilnidipine [13]. The method was validated by checking parameters 

like linearity, precision, accuracy, sensitivity, recovery study as per ICH guidelines. 

Cilnidipine is a new dihydropyridine (DHP) calcium channel antagonist used as 
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antihypertensive agent.  Linearity was obeyed in concentration range of 3-18 μg/mL with R2 

0.9994 at the wavelength maxima of 240 nm. The assay result was found to be in good 

agreement with label claim. The recovery studies were carried out at three different levels. 

The method was validated statistically and by recovery studies.  

 

Lee et. al., developed and validated a liquid chromatography-mass spectrometry (LC-MS) 

method for the quantification of cilnidipine, a calcium channel antagonist, in human plasma 

[14]. Plasma samples were processed by liquid-liquid extraction and the analyte, along with 

nimodipine (an internal standard), and analyzed using selected ion monitoring (SIM) for 

detection. The absolute extraction recovery was determined to be not less than 89.1% for 

various concentrations. The detector response was specific and linear for cilnidipine 

concentrations in the range of 0.5–50 ng/mL. Validation parameters, including inter-/intra-

day precision and accuracy, were found to be within the acceptance criteria for assay 

validation guidelines. The analyte was stable under a variety of processing and handling 

conditions. Cilnidipine levels were readily measured in plasma samples up to 10 hr after an 

oral administration of 10 mg of a cilnidipine formulation in humans, suggesting that the 

assay can be used in routine analyses 

 

Zhang et. al. 7 developed a rapid, sensitive and reliable high performance liquid 

chromatographic method coupled with tandem mass spectrometry (HPLC-MS/MS) for the 

determination of cilnidipine, a relatively new calcium antagonist, in human plasma using 

Nimodipine as an internal standard (IS) [15]. Sample extracts following protein precipitation 

were injected into the HPLC-MS/MS system. The analyte and IS were eluted isocratically 

on a C18 column, with a mobile phase consisting of CH(3)OH and NH(4)Ac (96:4, v/v). 

The ions were detected by a triple quadrupole mass spectrometric detector in the negative 

mode. Quantification was performed using multiple reaction monitoring (MRM) of the 

transitions m/z 491.2-->122.1 and m/z 417.1-->122.1 for cilnidipine and for the IS, 

respectively. The analysis time for each run was 3.0 min. The calibration curve fitted well 

over the concentration range of 0.1-10 ngmL(-1), with the regression equation Y=(0.103+/-

0.002)X+(0.014+/-0.003) (n=5), r=0.9994. The intra-day and inter-day R.S.D.% were less 

than 12.51% at all concentration levels within the calibration range. The recoveries were 

between 92.71% and 97.64%. The long-term stability and freeze-thaw stability were 

satisfying at each level. 
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2.2 Literature Review on Solubility Enhancement Techniques 

2.2.1 Review of work done on Solid dispersion  

Soluplus® is an amorphous, tri-block, graft co-polymer with polyvinyl caprolactam, 

polyvinyl acetate, and polyethylene glycol (PCL: PVAc: PEG6000) in the ratio 57:30:13. 

PEG 6000 (BASF) is a waxy material with melting point of about 60 °C. Altamimi et. al., 

evaluated the physicochemical and in vitro characteristics of solid dispersions using BCS II 

model drugs (Nifedipine (NIF) and sulfamethoxazole (SMX)) with Soluplus® and one of its 

component homopolymers, PEG 6000 [16]. Solid dispersions were successfully prepared 

using lyophilization and spray drying techniques. Each polymer enhanced the drug 

dissolution rate; NIF dissolution rate was improved to a greater extent. Due to hydrophilic 

nature of PEG 6000, the dispersions prepared with PEG 6000 gave a faster dissolution rate. 

Differential Scanning Colorimetric analysis proved the absence of crystalline material in the 

dispersions. 

 

Alves et. al., prepared a solid dispersion of efavirenz, a drug with low solubility, in 

Polyvinylpyrrolidine K-30 by using conventional solvent evaporation and kneading methods 

[17]. Solvent evaporation technique for the preparation of solid dispersion proved 

unsatisfactory, resulting in a decreased dissolution rate, despite the amorphous state of the 

samples, while the solid dispersion by kneading method 4:1 (EFV:polymer) and physical 

mixtures (PM) had a higher rate of dissolution. This system has also proved advantageous 

in terms of stability, after DSC evaluation, because there was insignificant degradation of 

the drug after being subjected to adverse storage conditions. 

 

Chen et. al., worked on the improvement of the oral bioavailability of Ginkgo biloba extract 

(GBE) through preparing G. biloba extract phospholipid complexes (GBP) and G. biloba 

extract solid dispersions (GBS) [18]. Authors prepared the GBP and GBS and studied their 

physicochemical properties by powder X-ray diffraction (XRD), differential scanning 

calorimetry (DSC), and dissolution. Finally, the pharmacokinetic characteristics and 

bioavailability of quercetin, kaempferol and isorhamnetin, was checked in rats after oral 

administration of GBP and GBS comparing with GBE. The results showed that the 

bioavailability in rats was increased remarkably.  
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KinetiSol® Dispersing, a rapid high energy thermal manufacturing process, was investigated 

by DiNunzio et. al., for the ability to produce amorphous solid dispersions without the aid 

of a plasticizer [19]. The itraconazole was used as a model API and for solid dispersion 

model carriers, Eudragit® L100-55 and Carbomer 974P were used. Triethyl citrate (TEC) 

was used a model plasticizer. Solid dispersions prepared by KinetiSol® Dispersing and hot 

melt extrusion were evaluated for supersaturated in vitro dissolution behavior under pH 

change conditions, solid state properties and accelerated stability performance. A 

significantly higher dissolution rate of plasticized material was observed in supersaturated 

in vitro dissolution testing, which was attributed to the pore forming behavior of TEC during 

the acidic phase of testing. X-ray diffraction testing revealed that under accelerated stability 

conditions for 6-month, partial recrystallization of plasticized compositions was happening, 

while plasticizer free materials remained amorphous throughout the testing period. These 

results confirmed that KinetiSol® Dispersing could be used for the production of amorphous 

solid dispersions without the use of a plasticizer. 

 

The drugs with poor water solubility tend to have low bioavailability, which can be improved 

by preparing the solid dispersions of the drug. Frizon et. al., prepared the solid dispersions 

of a BCS class II drug, loratadine, by rotary evaporation and spray-drying solvent 

evaporation techniques using polyvinylpyrrolidone K-30 as hydrophilic carrier [20]. Results 

revealed the increase in solubility of the drug, especially in acid medium, and an 

enhancement in dissolution profiles. Both methods, used for the preparation of solid 

dispersion, proved to be equally satisfactory, when compared to physical mixtures. The 

results were attributed to reduction in particle size of the drug with increased surface area, 

increase in wettability due to intimate contact of the drug with the hydrophilic matrix and 

the conversion of the crystalline to the amorphous state. 

 

Ganapuram et. al., prepared and evaluated Irbesartan loaded surface solid dispersions (SSD) 

for enhancing the solubility and bioavailability of poor soluble drug [21]. Five different super 

disintegrants were used for the preparation of SSD by co-evaporation method, in three 

different drug-carrier ratios. The P-XRD studies of prepared formulations showed decrease 

in crystallinity of drug formulations when compared to the pure state of the drug. The SEM 

images exhibited irregular matrices due to the porous nature of the carrier with the fine 
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particles of the drug embedded in it. The in vitro dissolution studies of SSD of crospovidone 

with drug to carrier ratio of 1:10 showed highest dissolution rate with the dissolution 

efficiency of 98.18% (10 min) in comparison to the other formulations. 

 

Khan et. al., enhanced the dissolution rate of Hydrochlorothiazide (Class II Drug) by using 

two techniques namely, solid dispersion and liqui-solid techniques [22]. Both the techniques 

enhanced the dissolution rate of drug to a greater extent when compared with conventional 

tablet in terms of dissolution efficiency, similarity factor and dissimilarity factor. But liqui-

solid technique was found to be more effective in enhancing rate and extent of drug release. 

 

Kogermann et. al., checked the influence of different polymers, with varying 

physicochemical properties, on the stability and dissolution of co-milled amorphous solid 

dispersions (ASDs) of piroxicam (PRX) [23]. The results indicated the significant 

improvement in the stability of amorphous PRX (aPRX) in ASDs by the polymers. Raman 

spectroscopy revealed that solvent mediated solid state changes occurred in biorelevant 

medium, hence the dissolution behavior of ASDs of PRX and the respective polymer during 

conventional large volume (900 ml) and a small volume (20 ml) dissolution testing was 

evaluated. The results of these studies showed that the solubility of piroxicam from ASD is 

affected by the molecular weight of the polymer.  

 

Lu et. al., prepared the solid dispersion of simvastatin (SV) and polyvinylpyrrolidone (PVP) 

to understand the relationship of wettability with dissolution of drug [24]. To elucidate this 

relationship, the dissolution, contact angle and water absorption rate of these solid 

dispersions were measured. The results showed the decrease in contact angle with increase 

in PVP concentration which produced the increase in dissolution efficiency of the solid 

dispersion. 

 

Mohammadi et. al., did the in vitro and in vivo evaluation of clarithromycin–urea solid 

dispersions, prepared by solvent evaporation, electrospraying and freeze drying methods 

[25]. The physicochemical properties of the prepared solid dispersions were also evaluated. 

Scanning electron microscopic images proved that the microsize crystals were obtained by 

freeze drying method. All the solid dispersions showed faster drug release in comparison 
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with pure drug, which was supported by the improved bioavailability by oral 

pharmacokinetic studies performed in the rabbits.  

 

2.2.2 Review of work done on Inclusion Complexes  

Akita et. al., formed inclusion complexes of α-cyclodextrin with cycloalkanols in 1:1 and 

2:1 host-guest ratio [26]. The binding constants were determined by 1H and 13C NMR 

spectroscopic study. The results showed that α-CD can include c-C4OH or c-C5OH only 

when the molar ratio is 1:1 and larger ring-sized cycloalkanols such as c-C6OH, c-C7OH or 

c-C8OH can be included only when the molar ratio is 2:1. 

Asbahr et. al., checked if the inclusion complexes between 2-hydroxypropyl-β-cyclodextrin 

(HPβCD) and finasteride (FIN) are formed [27]. The inclusion complexes were prepared 

with equimolar drug and HPβCD in the presence or absence of 0.1% (w/v) of 

polyvinylpyrrolidone K30 (PVP K30) or 0.3% of chitosan, by coevaporation and freeze-

drying methods. The systems were characterized by NMR, DSC, XRD and phase solubility 

studies and the results confirmed the formation of true binary and ternary inclusion 

complexes. 

Tang el. al., worked on the improvement of the water solubility and reduction of the toxicity 

of chlorzoxazone by complexation with β-cyclodextrin (β-CD) and hydroxypropyl-β-

cyclodextrin (HP-β-CD) [28]. Inclusion complexes were prepared by freeze-drying method 

and the formation of the complexes was confirmed by PXRD, DSC, FTIR, 1H NMR, and 

SEM. The significant increase in the water solubility and dissolution rates of chlorzoxazone 

was observed by complexation technique. 

Kfoury et. al., checked the influence of the encapsulation in cyclodextrins (CDs) on the 

solubility, photostability and antifungal activities of some phenylpropanoids (PPs) [29]. 

Loading capacities and encapsulation efficiencies of freeze-dried inclusion complexes were 

determined. Photostability assays for both inclusion complexes in solution and solid state 

were also performed and results exhibited that encapsulation significantly increased the 

solubility and photostability of studied PPs.  

Liu et. al., investigated the formation of three inclusion complexes of laccaic acid A (Lac 

dye) with β-cyclodextrin (β-CD), 11 methyl-β-cyclodextrin (M-β-CD), or (2-hydroxyethyl)  
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-β-cyclodextrin (HP-β-CD), to check the effect on its solubility [30]. The binding constants 

(Kc) and solubility of lac dye complexes were determined using the phase-solubility method, 

which followed the rank order of HP-β-CD > M-β-CD >β-CD. It was concluded that this 

study would provide a beneficial approach for obtaining novel lac dye-based products with 

high water solubility and low toxicity. 

Loh et. al., investigated the effects of β-cyclodextrin and its derivative hydroxypropyl-β-

cyclodextrin on the solubility of norfloxacin via inclusion complexation technique [31]. The 

characterization study indicated the conversion of norfloxacin from crystalline to amorphous 

form through inclusion complexation. The results showed that the inclusion complex of 

HPβCD had higher solubility than βCD complex. 

Raza et. al., prepared, characterized, and performed in vitro anti-inflammatory evaluation of 

novel water soluble kamebakaurin and hydroxypropyl-β-cyclodextrin inclusion complex 

[32]. The results revealed that the water solubility of kamebakaurin, an anti-inflammatory 

phytochemicals, was remarkably increased in the presence of HP-β-CD. 

The ocular bioavailability of Loteprednol etabonate (LE) is hindered by its poor aqueous 

solubility. Soliman et. al., made an attempt of enhancing the solubility of LE by the   

complexation with cyclodextrins (CDs) by kneading, freeze drying, and co-precipitation 

technique [33]. These inclusion complexes were incorporated into gels, drops, and ocuserts 

using hydroxypropyl methylcellulose (HPMC), methylcellulose (MC), and sodium alginate 

(ALG). Selected formulations were evaluated for their ocular bioavailability in rabbits’ eyes. 

Results showed that ocuserts of co-precipitated LE-HP-β-CD using HPMC (5% w/w) and 

Carbopol 934P (0.1% w/w) presented the enhanced ocular bioavailability. 

2.2.3 Review of work done on Liquisolid Compacts 

Chella et. al.,  worked on the improvement of dissolution rate of the poorly soluble drug 

valsartan by preparing its liquisolid compact using propylene glycol as solvent, Avicel 

PH102 as carrier, and Aerosil 200 as the coating material [34]. The results of X-RD and 

FTIR showed no change in the crystallinity of the drug and no interaction between excipients 

of the compacts. There was significant increase in the dissolution rate of liquisolid compact 

as compared to marketed product of the drug.  
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Sanka et. al.,  made an attempt of preparing the liquisolid powder compacts for oral delivery 

of BCS class II drug clonazepam (CLZ) [35] . The liquisolid powder compacts were prepared 

using propylene glycol, after conducting the solubility studies in different non-volatile 

solvent. The performance of the prepared compacts were evaluated using 32 full factorial 

design. The selected independent variables were % of clonazepam in propylene glycol (X1) 

and % of sodium starch glycolate (X2) and dependent variables were disintegration time and 

% cumulative drug release at 15th minute. The formulated liquisolid compacts with 

propylene glycol at optimum drug concentration produced high dissolution profile with 

acceptable tablet properties. The results of permeation studies, of the optimized liquisolid 

compact of CLZ, carried out in isolated rat intestine, revealed the enhanced permeation of 

CLZ.  

Elkadi et. al.,  developed a self-nanoemulsifying liquisolid tablets of Simvastatin to improve 

its dissolution [36]. Optimized formulation containing different oils, Cremophor® RH 40 

(surfactant) and Transcutol® HP (co-surfactant), at different ratios, were used as liquid 

vehicles and loaded on carrier material, microcrystalline cellulose (MCC), and coating 

material, Cab-o-sil® H-5 (nanosize colloidal silicon dioxide) powders at different loading 

factors (Lf) and fixed excipient ratio (R = 20). The developed formulation was highly 

affected by the excipients performance with enhancement of the in vitro dissolution of 

simvastatin. 

El-Sayyad et. al.,  experimented on the enhancement of the dissolution properties of 

leflunomide, a class BCS-II drug by incorporating the self-emulsifying (SE) form of the drug 

onto liquisolid systems in the form of tablets [37]. Preformulation studies were perfoemed 

by dissolving the drug in PEG300 then forming SE systems using a surfactant (tween 80, 

sesame oil and paraffin oil) and then adsorbing on powder excipients to form SE liquisolid 

powders. The prepared powders were compressed to form tablets with adequate weight 

variation, friability and disintegration time with disintegration time. All liquisolid tablets 

exhibited higher in vitro dissolution in distilled water compared to physical mixture and the 

marketed tablet of the drug. It was concluded that combining self-emulsifying drug delivery 

technique and liquisolid technology can be an efficient method to enhance the dissolution 

profile of leflunomide in vitro. 
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Javaheri et. al., applied wet granulation technique on liquisolid powders to overcome the 

problem of poor powder flowability and compressibility [38]. Liquisolid formulations of 

Glibenclamide were made using PEG 400, Synperonic PE/L44 and Cremophor ELP. The 

Avicel®PH102 was used as carrier followed by coating with colloidal silicon dioxide that 

converted the wet mixture into dry powder. The powder blends were evaluated for their 

flowability and compactability and finally the best powder blend was punched to make a 

tablet. The prepared tablets were evaluated for in-vitro dissolution study and the results 

showed the improved drug dissolution along with increase flowability and compressibility 

of the powder drug. 

Komala et. al.,  formulate raloxifene hydrochloride loaded liquisolid compacts for improved 

dissolution behavior and intestinal permeation of the drug. Cremophor® EL, Capmul PG-8 

and Transcutol P were selected as suitable non-volatile liquid vehicles to develop desired 

formulations [39]. The characterization of prepared liquisolid compacts proved the 

conversion of the crystalline form of the drug to amorphous state. The results of ex vivo 

intestinal permeation studies performed on rat, revealed an improvement in drug absorption 

from of dissolution rate limited raloxifene hydrochloride. 

2.2.4 Review of work done on Nanosuspension 

Curcumin has low aqueous stability and solubility in its native form due to which it has low 

bioavailability. Aditya et. al., worked on the reduction of the size of curcumin crystals to the 

nanoscale and subsequently stabilize them in an amorphous form [40]. The antisolvent 

precipitation method was used for the fabrication of amorphous curcumin nanosuspensions. 

The confirmation of amorphous form of the formulation was done by differential scanning 

calorimetry(DSC) and X-ray diffraction (XRD) studies. The results indicated the ∼35-fold 

increase in the solubility of the amorphous curcumin nanosuspension due to the reduced size 

and lower crystallinity. An in vitro Caco-2 cell lines study showed a significant increase in 

curcumin bioavailability after stabilization with β-lactoglobulin. 

Luo et. al., prepared the nanocrystals of felodipine to improve its oral bioavailability [41]. 

The morphology of the obtained nanocrystals was found to be rod shape. The particle size 

and zeta potential were 140 ± 10 nm and -29.11 mV, respectively. The dissolution rate of 

the drug was significantly increased and there was approximately 1.6-fold increase in the 

AUC of felodipine colloidal dispersion as compared to commercial tablets, in beagle dogs. 
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Hence, it was concluded that, nanocrystals show great potential as an effective strategy for 

improving oral bioavailability of poorly soluble drugs. 

Mishra et. al.,  prepared the nanosuspensions of poorly water-soluble drug, Naproxen using 

precipitation-ultrasonication technique [42]. A 32 factorial design was applied to investigate 

the effects of HPMC concentration and time of ultrasonication on the mean particle size, % 

drug content and time required to 90% drug release. The optimized batch of nanosuspension 

of naproxen was obtained successfully by Design Expert software and the dissolution of 

nanosuspensions was higher than pure drug. 

Patil et. al.,  developed and optimized nanoparticles of Losartan Potassium (LP) prepared 

by continuous flow microreactor precipitation methodology for sustained release [43]. 

Formulation was optimized using box behnken experimental design with three independent 

process variables viz., polymer concentration (Ethyl cellulose), surfactant concentration 

(Tween 80,) and the inner diameter of the microreactor. The dependent responses were 

encapsulation efficiency and drug release over 12 h. The results verified that the Box 

behnken factorial design provides a useful technique for the optimization of drug loaded 

nanoparticle. 

Kuchekar et. al., prepared the nano polymeric micelles of Capecitabine, an anticancer pro-

drug, by organic solvent/water (o/w) emulsion technique [44]. The Plackett-Burman (PB) 

design was used for the screening of formulation and process factors to improve anticancer 

efficacy of the drug. The study concludes that the statistical PB design could be useful to 

identify influencing variables that can be used for further optimization of the dosage form. 

2.3 Patents search for Drugs and Formulations 

For a thorough literature review, a detailed patent search was done for drugs and 

formulations. The details of patent search for Lercanidipine Hydrochloride (Table 2.1), 

Cilnidipine (Table 2.2), solid dispersions (Table 2.3), inclusion complex (Table 2.4), 

Liquisolid compacts (Table 2.5) and Nanosuspension (Table 2.6) is as below 
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TABLE 2.1 Patent Searches for Lercanidipine Hydrochloride 

Patent No. Title Details of Invention References 

WO 

2005053689 A2 

Pharmaceutical 

compositions 

comprising 

lercanidipine 

Invention contains Lercanidipine 

dissolved or dispersed in a solid vehicle 

to produce pharmaceutical composition 

containing. The solid dispersion thus 

formed exhibited a controlled release of 

Lercanidipine for long period of time.  

45 

WO 

2006037650 Al 

Lercanidipine 

capsules 

The inventors successfully prepared a 

capsule containing Lercanidipine 

dissolved/suspended in the viscous 

mixture made up of polyalcohol fatty 

acid ester.  

46 

US 2006165788 

Al 

Lercanidipine pH 

dependent 

pulsatile release 

compositions 

The time depended release of 

Lercanidipine from the composition was 

achieved giving the plasma concentration 

of Lercanidipine for over 24 hours. The 

release of drug was dependent on the pH 

of the environment involved 

47 

US 2006134212 

Al 

Lercanidipine 

immediate release 

compositions 

The formulation was developed with an 

immediate release composition as a core. 

Core is surrounded by a layer of 

surfactant and a binder which facilitated 

immediate release of formulation using 

special equipment like fluidized bed 

coater. 

48 

WO 

2006089788 A1 

Lercanidipine free 

base 

Process for synthesis of ree base of 

lercandipine having purity of 95-99.55 % 

was invented. The resultant amorphous 

free base of Lercanidipine was found 

suitable for the manufacturing of 

pharmaceutical products. 

49 

EP1963254A2 

Process for the 

preparation of 

lercanidipine and 

amorphous form 

of lercanidipine 

hydrochloride 

The invention comprises of the new 

process for the synthesis of Lercanidipine 

which can be used for the preparation of 

pharmaceutically acceptable salts of 

lercanidipine. The process thus invented 

was found to be better than existing one 

and have a better feasibility of industrial 

production. 

50 

WO 

2006089787 Al 

Amorphous 

lercanidipine 

hydrochloride 

The research involved a process for 

synthesis of pure amorphous 

Lercanidipine along with its immediate 

release and modified release formulation. 

51 

CN105687451

A 

Lercanidipine 

containing 

The invention comprises the formulation 

of pharmaceutical formulation 
52 
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pharmaceutical 

composition for 

treating 

hypertension and 

preparation 

method thereof 

containing Lercanidipine along with 

Chinese medicines. The formulation thus 

formed can effectively reduce the 

adverse reaction of Lercanidipine along 

with a better effect on the hypertension 

treatment. 

TABLE 2.2 Patent Searches for Cilnidipine 

Patent No. Title Details of Invention References 

CN102266289B 

Cilnidipine 

liposome solid 

preparation  

Solid liposomes containing Cilnidipine 

with a combination of dicetyl phosphate, 

cholesterol, hydrogenated soybean lecithin, 

PEG (polyethylene glycol) 600 and Tween 

40 was prepared. The liposome thus formed 

showed better stability, dissolution and 

bioavailability of drug along with reduced 

toxic and side effects.  

53 

CN102525984A 

Cinildipine 

controlled 

release 

preparation 

and 

preparation 

method thereof 

The controlled release oral preparation of 

Cilnidipine was prepared with a penetrating 

agent, bonding agent, penetration pressure 

regulating agent, lubricating agent and 

other auxiliary filling material. The product 

obtained was found to be having long 

lasting effect after oral administration. The 

pharmacokinetic behavior of product 

showed stable blood concentration with 

enhanced administration safety. 

54 

CN102391173B 

Cilnidipine 

compound and 

preparation 

method thereof  

High purity Cilnidipine was prepared by 

dissolving raw Cilnidipine in alcohol and 

passing through macroporous absorption 

resin. The separation and purification steps 

lead to the Cilnidipine with 99.6 % purity. 

Overall the method invented thus produces 

a product with low amount of heavy metal 

and fewer side effects suitable for large 

scale production. 

55 

CN103027895B 

Sugar-free 

cilnidipine 

dry-blend 

suspension and 

preparation 

method thereof  

Sugar free Cilnidipine suspension was 

prepared using hydroxypropylcellulose, 

sodium carboxymethylcellulose, xanthan 

gum, sodium lauryl sulfate and fruity flavor 

composition. The method of production 

involved pulverization and sieving of a 

mixture through 80 mesh sieve.  The 

invented formulation showed ease of 

administration, better bioavailability &  full 

antihypertensive effect. 

56 
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TABLE 2.3 Patent Searches for Solid Dispersion 

Patent No. Title Details of Invention References 

US4916138A 

Solid dispersion 

composition of FR-

900506 substance  

The solid dispersion of FR-900506 was 

prepared  with water soluble hydroxyl 

propyl methyl cellulose. The HPMC is 

capable of dispersing FR-900506 in the 

weight ratio of 1:1 to 1:20  

 

57 

US5340591A 

Method of producing a 

solid dispersion of the 

sparingly water-

soluble drug, 

nilvadipine 

The inventors of this patent outlined a 

common method for the preparation of 

solid dispersion of sparingly water 

soluble drug. The process involves the 

mixing of drug and water soluble 

polymers at a temperature below the 

melting point of both. 

 

58 

US5281420A 

Solid dispersion 

compositions of 

tebufelone  

The invention targets preparation of solid 

dispersion of tebufelone and a surfactant 

poloxamer using melt method. 

59 

EP1027886A2 
Pharmaceutical solid 

dispersions  

The method of preparation of solid 

dispersion of a low soluble drug with a 

polymer is described in this invention. 

The solid dispersion produced by this 

method has a glass transition temperature 

difference than that of the polymer used 

for the preparation indicating that a major 

portion of the drug in solid dispersion is 

amorphous in nature. An extra polymer 

to enhance the concentration of drug in a 

use is also included in the dispersion. 

60 

US2005003169

2A1 

Spray drying processes 

for forming solid 

amorphous dispersions 

of drugs and polymers  

The invention outlines method of 

preparation of solid dispersion of a drug 

and polymer using a Spray drying 

processes.  

61 

TABLE 2.4 Patent Searches for Inclusion Complex 

Patent No. Title Details of Invention References 

US20100041625

A1 

Pharmaceutical 

composition 

comprising 

cyclodextrin 

paclitaxel 

inclusion and 

The inclusion complexes of paclitaxel 

and hydroxyl propyl β cyclodextrin 

(sulfobutyl derivatives) were prepared in 

ratio of 1:10 to 1:50. The method of 

preparation involved mixing of solution 

of cyclodextrin to the ethanolic solution 

62 
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preparation 

method thereof  

of paclitaxel followed by filtration and 

evaporation under reduced pressure. The 

resulting solid mass obtained upon 

drying consisted of solid inclusion of 

paclitaxel. 

CN102703221A 

Preparation 

method of rose 

essence beta-

cyclodextrin 

polymer 

microsphere 

inclusion 

compound  

The relatively good slow release effect of 

rose essence was obtained after 

crosslinking it with cyclodextrin with the 

help of epichlorohydrin. The complex 

was prepared by inversion emulsion 

polymerization method in which rose oil 

was dissolved in ethanol. This method 

significantly improved the 

hydrophobicity of cyclodextrin with slow 

release of rose oil. 

63 

CN103271991A 

Peppermint 

essential oil and 

mixed 

cyclodextrin 

inclusion 

compound and 

preparation 

method thereof  

α-cyclodextrin, β-cyclodextrin and ϒ-

cyclodextrin were used altogether for 

synthesis of inclusion complex with 

peppermint essential oil. The benefit of 

the process outlined is the use of water as 

a solvent so as to avoid the organic 

solvent in production at large scale. 

64 

 

TABLE 2.5 Patent Searches for Liquisolid Compacts 

Patent No. Title Details of Invention References 

US5800834A 

Liquisolid 

systems and 

methods of 

preparing same 

The patent described detailed concept of 

liquisolid systems that are defined as the 

free flowing and compressible powders of 

liquid medication. The drug was 

solubilized in a non volatile solvent 

followed by absorption of it onto porous 

carrier like MCC and amorphous cellulose. 

The adsorbed carrier material was coated 

with micro fine silica powders. The 

amount of liquid to be held by carrier and 

coating material is limited and so the 

amount of liquid to be adsorbed is 

optimized using different approaches. 

65 

WO200003865

5A1 

Dosage forms 

comprising 

porous particles 

The liquisolid system containing porous 

carrier carrying liquid medication within 

were developed and was successfully used 

for different types of pharmaceutical 

66 
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formulations such as immediate release 

medication, extended period delivery 

medication and controlled release 

medication. It was found that the liquisolid 

system effectively can be used for either of 

the approaches.   

CN1758901B 

Use of a silica 

or silica 

derivative as a 

sorption 

material  

The silica derivative such as Aeroperl® 

has capacity to carry high level of non 

volatile liquids for preparation of liquisolid 

systems. The use of silica for liquisolid 

system production has shown to solve the 

low bioavailability and aqueous solubility 

issues. The same material can be used 

effectively for tableting.  

67 

WO200600022

9A2 

Porous tablets as 

carriers for 

liquid 

formulations 

The tablet was produced by loading the 

liquid formulation on it. This loadable 

tablet has capability of adsorb the liquid 

medication in a power of 30% v/v and 

more. The method of preparation of such 

tablets can be applied for large scale 

production on industrial scale. 

68 

US2010014348

1A1 

Method of 

preparing solid 

dosage forms of 

multi-phasic 

pharmaceutical 

compositions  

A solid dosage form of pharmaceutical 

formulation was prepared using an 

adsorbent carrier. 

 

69 

TABLE 2.6 Patent Searches for Nanosuspension 

Patent No. Title Details of Invention References 

WO2001062374

A2 

Method for 

producing 

nanosuspensions 

The patent described the method of 

preparation of nanosuspension with a 

size range of 0.1 and 5000 nm using 

stream to produce turbulence. The 

nanosuspension, thus prepared are 

continuously produced by a line as the 

medicament is reduced to nanosize and 

suspended in-situ.   

70 

WO2003045353

A1 

Method for the 

preparation of 

pharmaceutical 

nanosuspensions 

using supersonic 

fluid flow 

The active compounds which are 

insoluble at room temperature or only 

sparingly soluble in water /aqueous 

media were reduced to nanosized 

particles using high pressure supersonic 

fluid flow through a nozzle. The particle 

size of obtained nanosuspension was 

71 
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measured by laser diffractometry and 

found in range of 40 to 500 nm. The 

larger particle of active compound 

having size more than 2 µm were found 

to be less than 0.1 % when calculated on 

weight basis.  

WO2011059931

A2 

Nanosuspension 

of a poorly 

soluble drug via 

microfluidization 

process 

The nanosuspension was prepared and 

optimized using water soluble polymer as 

excipients and without addition of 

surfactants with the help of 

microfluidization process. The prepared 

nanosuspension showed improved 

bioavailability after oral administration. 

72 

US20090294357

A1 

Method for 

Concentrating 

Nanosuspensions  

The invention described a method that 

can control the dispersion of nanosized 

particles in the liquid nanosuspension.  

 

73 
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CHAPTER 3 

Drug and Polymer Profile 

3.1 Lercanidipine Hydrochloride 

CAS Registry Number: 132866-11-6 

Appearance: Lercanidipine HCl (crystalline form) is a yellow powder soluble in methanol 

and practically insoluble in water. 

Description:Lercanidipine is a dihydropyridine derivative. It is a racemate due to the 

presence of a chiral carbon atom at position 4 of the 1, 4- dihydropyridine ring [1]. 

Structural Formula 

 

Chemical Name: 3, 5-pyridinedicarboxylic acid, 1, 4-dihydro-2, 6-dimethyl-4-(3- 

nitrophenyl)-2-[(3,3-diphenylpropyl) methylamino]-1,1- dimethylethyl methyl ester 

hydrochloride 

Molecular Formula: C₃ ₆ H₄ ₁ N₃ O₆  .HCl 

Molecular Weight: 648.19 g/mol 

Log P Value: 6.42 

Half-life: 8-10 hrs 

Indications: Lercanidpine HCl is indicated for the treatment of mild to moderate essential 

hypertension. 
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Mechanism of Action: It is a calcium antagonist of the dihydropyridine group and inhibits 

the transmembrane influx of calcium into cardiac and smooth muscles. The mechanism of 

its antihypertensive action is due to a direct relaxant effect on vascular smooth muscle thus 

lowering total peripheral resistance [2]. 

Pharmacokinetics: Lercanidipine is completely absorbed from the gastrointestinal tract 

after oral doses. Due to the high first- pass metabolism, the absolute bioavailability of 

orally administered drug under fed conditions is around 10%. Oral availability of 

lercanidipine increases 4-fold when it is ingested up to 2 h after a high fat meal. Its 

distribution is from plasma to tissues and organs are rapid and extensive. The degree of 

serum protein binding of lercanidipine exceeds 98%. Lercanidipine HCl is extensively 

metabolised by CYP3A4. A mean terminal elimination half-life of Lercanidipine HCl is 8-

10 h. Oral administration of Lercanidipine HCl leads to plasma levels of lercanidipine not 

directly proportional to dosage (non-linear kinetics). 

Posology and Method of Administration: The recommended dosage is 10 mg orally once 

a day at least 15 minutes before meals; the dose may be increased to 20 mg depending on 

the individual patient's response.[2, 3] 

Commercially Available Dosage Form: Film coated tablets 

Common Strengths: 10 and 20 mg 

3.2 Cilnidipine 

CAS Registry Number: 132203-70-4 [4] 

Appearance: Cilnidipine is a yellow powder soluble in methanol and practically insoluble 

in water. 

Description: Cilnidipine (INN) is a calcium channel blocker. Cilnidipine is the novel 

calcium antagonist accompanied with L-type and N-type calcium channel blocking 

function. 

Structural Formula 
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Chemical Name 

3-O-(2-methoxyethyl) 5-O-[(E)-3-phenylprop-2-enyl] 2,6-dimethyl-4-(3-nitrophenyl)-1,4-

dihydropyridine-3,5-dicarboxylate 

Molecular Formula: C27H28N2O7 

Molecular Weight: 492.528 g/mol 

Log P Value: 4.39 

Half-life: 2.5 hr 

Indications:Cilnidipine is indicated for the treatment of mild to moderate essential 

hypertension 

Mechanism of Action 

Cilnidipine is a dihydropyridine calcium-channel blocker. It inhibits cellular influx of 

calcium, thus causing vasodilatation. It has greater selectivity for vascular smooth muscle. 

It has little or no action at the SA or AV nodes and -ve inotropic activity is rarely seen at 

therapeutic doses 

Oral Bioavailability: 13 % 

Posology and Method of Administration: The recommended dosage is 5- 10 mg orally 

once a day before or after meals; the dose may be increased to 20 mg depending on the 

individual patient's response. 

Commercially Available Dosage Form: Film coated tablets 

Common Strengths: 5 mg, 10 mg and 20 mg 

3.3 Poly Ethylene Glycol 6000 (PEG 6000) [5] 

CAS Registry Number: 9005-65-6 

Nonproprietary names 

BP: Macrogols 

JP:   Macrogol 6000 

PhEur: Macrogola 

USPNF: Polyethylene glycol  

Synonyms: Carbowax, carbowax sentry, lipoxol, lutrol , PEG, pluriol, polyoxyethylene 

glycol. 

Chemical name: Hydroxy-ω-Hydroxy poly (oxy-1, 2-ethanediyl) 

Empirical formula: HOCH2 (CH2OCH2) mCH2OH 
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Structure 

 

Molecular weight: 7300- 9300 

Functional category: Ointment base, plasticizer, suppository base, tablet and capsule 

lubricant. 

Description: The USPNF 23 describes polyethylene glycol as being an addition polymer 

of ethylene oxide and water. Polyethylene glycol grades 200–600 are liquids; grades 1000 

and above are solids at ambient temperatures. 

Solid grades (PEG>1000) are white or off-white in color, and range in consistency from 

pastes to waxy flakes. They have a faint, sweet odor. Grades of PEG 6000 and above are 

available as free-flowing milled powders. 

Chemical Composition: PEG, PEO or POE refers to an oligomer or polymer of ethylene 

oxide. The three names are chemically synonymous, but historically PEG has tended to 

refer to oligomers and polymers with a molecular mass below 20,000 g/mol, PEO to 

polymers with a molecular mass 

3.4 β-Cyclodextrin 

CAS Registry Number: 7585-39-9 

Nonproprietary names 

BP: Beta cyclodextrin  

PhEur: Beta cyclodextrin  

USP: Beta cyclodextrin 

Synonyms 

Caraway, Cycloheptaamylose, Cyclomaltoheptaose, Schardinger β Dextrin, Kleptose, 

Betadex [6, 7] 

Chemical name: β- cyclodextrin 

Empirical formula: C₄ ₂ H₇ ₒO₃ ₅  
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Structure 

 

Molecular weight: 1135 gm /mol 

Functional category: Stabilizing agent, solubilizing agent 

Description: Cyclodextrins refer to a family of compounds consisting of sugar molecules 

bound together in ring (cyclic oligosaccharides). It is produced from starch through 

enzymatic conversion. Beta-cyclodextrin is the 7-membered sugar ring molecular form of 

cyclodextrin. Cyclodextrin has various applications. In the pharmaceutical industry, it can 

be used as complexing agents for increasing the solubility of poorly soluble drug as well as 

increasing their bioavailability and stability. It can also alleviate the gastrointestinal drug 

irritation, and prevent drug-drug and drug-excipient interactions. It can also be used in 

food, pharmaceutical, drug delivery, and chemical industries, as well as agriculture and 

environmental engineering.  

Chemical Composition: Cyclodextrins are composed of 5 or more α-D-glucopyranoside 

units linked 1->4, as in amylose (a fragment of starch). 

3.5 Hydroxy Propyl β-Cyclodextrin 

CAS Registry Number: 128446-35-5 

Synonyms: Kleptose HPB. 

Empirical formula: (C₆ H₁ ₒO₅ ) ₇ (C₃ H₆ O) ₄ ꓸ₅  
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Structure 

 

Molecular weight: 1380 gm/mol 

Functional category: Complexing agent, solubility enhancement, enteric coating, 

sustained release formulations, buccal and transdermal drug delivery. 

Description: Cyclodextrins refer to a family of compounds consisting of sugar molecules 

bound together in ring (cyclic oligosaccharides). It is produced from starch through 

enzymatic conversion. Beta-cyclodextrin is the 7-membered sugar ring molecular form of 

cyclodextrin. Cyclodextrin has various applications. In the pharmaceutical industry, it can 

be used as complexing agents for increasing the solubility of poorly soluble drug as well as 

increasing their bioavailability and stability. It can also alleviate the gastrointestinal drug 

irritation, and prevent drug-drug and drug-excipient interactions. It can also be used in 

food, pharmaceutical, drug delivery, and chemical industries, as well as agriculture and 

environmental engineering [6, 7]. 

Chemical Composition: Cyclodextrins are cyclic oligosaccharides consisting of 6, 7, or 8 

glucopyranose units, usually referred to as α-, β-, or γ-cyclodextrins, respectively. These 

compounds have rigid doughnut-shaped structures making them natural complexing 

agents. 

3.6 Transcutol HP 

CAS Registry Number: 111-90-0 

Synonyms 

Diethylene glycol monoethyl ether, Carbitol, Dioxitol 

Chemical name 

2-(2-ethoxyethoxy) ethanol 

Empirical formula: C6H14O3 
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Structure 

 

Molecular weight: 134.17g/mol 

Functional category: It is used in cosmetics and dermatological preparations and as 

solvent in some medicine products. It is used in some drugs to enhance absorption [8]. 

Description: It is used in cosmetics and dermatological preparations and as solvent in 

some medicine products. It is used in some drugs to enhance absorption. 

Density: 0.988 g/cm3 

3.7 Neusilin US2 

Name: Magnesium Aluminum Silicate 

CAS Registry Number: 12511-31-8, 1327-43-1 

Nonproprietary names 

BP: Aluminium Magnesium Silicate 

PhEur: Aluminium Magnesium Silicate 

USP-NF: Magnesium Aluminum Silicate 

Synonyms: Aluminii magnesii silicas; alumina silicic acid, magnesium salt; aluminum 

magnesium silicate; Carrisorb; Gelsorb; Magnabrite; magnesium aluminosilicate; 

magnesium aluminum silicate, colloidal;magnesium aluminum silicate, complex colloidal; 

Neusilin; Pharmasorb; silicic acid, aluminum magnesium salt; Veegum [9]. 

Chemical name: Aluminum magnesium silicate, Magnesium aluminum silicate 

Empirical formula: Magnesium aluminum silicate is a polymeric complex of 

magnesium,aluminum, silicon, oxygen, and water. The average chemical analysis is 

conventionally expressed as oxides: 

Silicon dioxide 61.1% 

Magnesium oxide 13.7% 

Aluminum oxide 9.3% 

Titanium dioxide 0.1% 

Ferric oxide 0.9% 

Calcium oxide 2.7% 

Sodium oxide 2.9% 
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Potassium oxide 0.3% 

Carbon dioxide 1.8% 

Water of combination 7.2% 

Structure 

 

Molecular weight: 7300- 9300 gm/mol 

Functional category: Adsorbent; stabilizing agent; suspending agent; tablet and capsule 

disintegrant; tablet binder; viscosity-increasing agent 

Description: The USP32–NF27 describes magnesium aluminum silicate as a blend of 

colloidal montmorillonite and saponite that has been rocessed to remove grit and 

nonswellable ore components. Four types of magnesium aluminum silicate are defined: 

types IA, IB, IC, and IIA. These types differ according to their viscosity and ratio of 

aluminum and magnesium content 

3.8 Cab-O-Sil  

Nonproprietary Names 

BP: Colloidal Anhydrous Silica 

JP: Light Anhydrous Silicic Acid 

PhEur: Silica, Colloidal Anhydrous 

USP-NF: Colloidal Silicon Dioxide 

Synonyms: Aerosil, Cab-O-Sil, Cab-O-Sil M-5P, colloidal silica, fumed silica, fumed 

silicon dioxide, hochdisperses silicum dioxid, SAS, silica colloidalis anhydrica, silica sol, 

silicic anhydride, silicon dioxide colloidal, silicon dioxide fumed, synthetic amorphous 

silica, Wacker HDK. 

Chemical Name: Silica 

Empirical Formula and Molecular Weight: SiO2 60.08 

https://www.google.co.in/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjQ-YX-wpvWAhUJNI8KHRIbBQIQjRwIBw&url=http://www.neusilin.com/product/&psig=AFQjCNGiLL_3B8NQrTC4Ftl3vp-K6AyAVA&ust=1505163996669468
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CAS Registery number: 7631-86-9 

Functional Category: Adsorbent, anticaking agent, emulsion stabilizer, glidant, 

suspending agent, tablet disintegrant, thermal stabilizer, viscosity-increasing agent. 

Applications in Pharmaceutical Formulation or Technology: Colloidal silicon dioxide 

is widely used in pharmaceuticals, cosmetics, and food products. Its small particle size and 

large specific surface area give it desirable flow characteristics that are exploited to 

improve the flow properties of dry powders in a number of processes such as tableting and 

capsule filling. Colloidal silicon dioxide is also used to stabilize emulsions and as a 

thixotropic thickening and suspending agent in gels and semisolid preparations. With other 

ingredients of similar refractive index, transparent gels may be formed. The degree of 

viscosity increase depends on the polarity of the liquid (polar liquids generally require a 

greater concentration of colloidal silicon dioxide than nonpolar liquids). Viscosity is 

largely independent of temperature. However, changes to the pH of a system may affect 

the viscosity. In aerosols, other than those for inhalation, colloidal silicon dioxide is used 

to promote particulate suspension, eliminate hard settling, and minimize the clogging of 

spray nozzles. Colloidal silicon dioxide is also used as a tablet disintegrant and as an 

adsorbent dispersing agent for liquids in powders. Colloidal silicon dioxide is frequently 

added to suppository formulations containing lipophilic excipients to increase viscosity, 

prevent sedimentation during molding, and decrease the release rate. Colloidal silicon 

dioxide is also used as an adsorbent during the preparation of wax microspheres; as a 

thickening agent for topical preparations and has been used to aid the freeze-drying of 

nanocapsules and nanosphere suspensions. 

Description: Colloidal silicon dioxide is a submicroscopic fumed silica with a particle size 

of about 15 nm. It is a light, loose, bluish-white-colored, odorless, tasteless, amorphous 

powder. 

Typical Properties: 

Acidity/alkalinity pH: 3.8–4.2 (4% w/v aqueous dispersion) and 3.5–4.0 (10% w/v 

aqueous dispersion) for Cab-O-Sil M-5P 

Density (bulk): 0.029–0.042 g/cm3 

Melting point: 1600˚C 

Particle size distribution: Primary particle size is 7–16 nm. Aerosil forms loose 

agglomerates of 10–200 mm. 

Refractive index: 1.46 
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Solubility: Practically insoluble in organic solvents, water and acids except hydrofluoric 

acid. Soluble in hot solutions of alkali hydroxide. Forms a colloidal dispersion with water. 

Specific gravity: 2.2 

Specific surface area: 100–400m2/g depending on grade. 

Several grades of colloidal silicon dioxide are commercially available, which are produced 

by modifying the manufacturing process. The modifications do not affect the silica content, 

specific gravity, refractive index, color, or amorphous form. 

However, particle size, surface areas, and densities are affected [10]. 

3.9 Pluronic 188 

Nonproprietary Names 

BP: Poloxamers 

PhEur: Poloxamers 

USP-NF: Poloxamer 

Synonyms: Lutrol; Monolan; Pluronic; poloxalkol; poloxamera; polyethylene– propylene 

glycol copolymer; polyoxyethylene–polyoxypropylene copolymer; Supronic; Synperonic 

Chemical Name: a-Hydro-o-hydroxypoly(oxyethylene)poly(oxypropylene) poly- 

(oxyethylene) block copolymer 

Empirical Formula and Molecular Weight: The poloxamer polyols are a series of 

closely related block copolymers of ethylene oxide and propylene oxide conforming to the 

general formula HO (C2H4O) a (C3H6O) b (C2H4O) aH. 

CAS Registery number: 9003-11-6 

Functional Category: Dispersing agent, emulsifying agent, solubilizing agent, tablet 

lubricant, wetting agent. 

Applications in Pharmaceutical Formulation or Technology: Poloxamers are nonionic 

polyoxyethylene–polyoxypropylene copolymers used primarily in pharmaceutical 

formulations as emulsifying or solubilizing agents[ref]  Poloxamers are used as 

emulsifying agents in intravenous fat emulsions, and as solubilizing and stabilizing agents 

to maintain the clarity of elixirs and syrups. Poloxamers may also be used as wetting 

agents; in ointments, suppository bases, and gels; and as tablet binders and coatings. 

Poloxamer 188 has also been used as an emulsifying agent for fluorocarbons used as 

artificial blood substitutes, and in the preparation of solid-dispersion systems. 
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Description: Poloxamers generally occur as white, waxy, free-flowing prilled granules, or 

as cast solids. They are practically odorless and tasteless. At room temperature, poloxamer 

124 occurs as a colorless liquid [11]. 

Typical Properties 

Density 1.06 g/cm3 at 25°C 

Flash point 260°C 

Flowability Solid poloxamers are free flowing. 

HLB value 0.5–30; 29 for poloxamer 188. 

Solubility:  Freely soluble in 95 % Ethanol and water 

3.10 Tween 80 

Nonproprietary Names 

BP: Polysorbate 80 

JP: Polysorbate 80 

USP-NF: Polysorbate 80 

Synonyms: Atlas E; Armotan PMO 20; Capmul POE-O; Cremophor PS 80; Crillet 4; 

Crillet 50; Drewmulse POE-SMO; Drewpone 80K; Durfax 80; Durfax 80K; E433; Emrite 

6120; Eumulgin SMO; Glycosperse O-20; Hodag PSMO-20; Liposorb O-20; Liposorb O-

20K; Montanox 80; polyoxyethylene 20 oleate; polysorbatum 80; Protasorb O-20; Ritabate 

80; (Z)-sorbitan mono-9-octadecenoate poly(oxy1,2- ethanediyl) derivatives; Tego SMO 

80; Tego SMO 80V; Tween 80 

Chemical Name: Polyoxyethylene 20 sorbitan monooleate  

Empirical Formula and Molecular Weight: C64H124O26, 1310 gm/mol 

CAS Registery number: 9005-65-6 

Functional Category: Dispersing agent; emulsifying agent; nonionic surfactant; 

solubilizing agent; suspending agent; wetting agent. 

Applications in Pharmaceutical Formulation or Technology: Poloxamers are nonionic 

polyoxyethylene–polyoxypropylene copolymers Polyoxyethylene sorbitan fatty acid esters 

(polysorbates) are a series of partial fatty acid esters of sorbitol and its anhydrides 

copolymerized with approximately 20, 5, or 4 moles of ethylene oxide for each mole of 

sorbitol and its anhydrides. The resulting product is therefore a mixture of molecules of 

varying sizes rather than a single uniform compound. 
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Polysorbates containing 20 units of oxyethylene are hydrophilic nonionic surfactants that 

are used widely as emulsifying agents in the preparation of stable oil-in-water 

pharmaceutical emulsions. 

They may also be used as solubilizing agents for a variety of substances including essential 

oils and oil-soluble vitamins, and as wetting agents in the formulation of oral and 

parenteral suspensions [12]. 

Description: Polysorbate 80 has a characteristic odor and a warm, somewhat bitter taste. It 

is yellow colored oily liquid  

Typical Properties: 

Acidity/alkalinity pH = 6.0–8.0 for a 5% w/v aqueous solution. 

Flash point 149°C 

HLB value 15.0 

Hydroxyl value 65-80 

Moisture content 3 

Saponification value 45-55 

Solubility Freely soluble in Ethanol and water 

Specific gravity 1.08 

3.11 Marketed formulations of LER and CLN 

Following marketed formulations are available for LER and CLN 

TABLE 3.1 Marketed Formulations of Lercanidipine Hydrochloride 

S. No. Formulation type Brand name Strength Manufacturer 

1.  Tablet    Aristo Larpin 10 mg 
Aristo Pharmaceuticals 

Pvt. Ltd. 

2.  Tablet    Landip - 10 10 mg Micro Labs Ltd (India) 

3.  Tablet   Larpin 

10 mg 

and 20 

mg 

Aristo Pharmaceuticals 

Pvt. Ltd. 

4.  Tablet   Lerez 
10 mg 

and 20 

Glenmark 

Pharmaceuticals Ltd. 
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mg (Healtheon) 

5.  Tablet   Lerka 

10 mg 

and 20 

mg 

Piramal Healthcare 

6.  Tablet   Lervasc 

10 mg 

and 20 

mg 

Lupin Laboratories Ltd. 

7.  Tablet   Lotensyl   10 mg 
Sun Pharmaceuticals 

Industries Ltd. 

TABLE 3.2 Marketed Formulations of Cilnidipine 

S. No. 
Formulation 

type 
Brand name Strength Manufacturer 

1.  Tablet    CCAD 

5, 10 and 

20 mg 
Signova Pharma Pvt. Ltd. 

2.  Tablet   CD pin 
5, 10 and 

20 mg 
FDC Limited 

3.  Tablet   Cilacar 

5 and 10 

mg 

J.B.Chemicals & 

Pharmaceuticals Ltd. 

4.  Film coated 

tablets 
Cilacar 

5, 10 and 

20 mg 

J.B.Chemicals & 

Pharmaceuticals Ltd. 

5.  Tablets Nexovas 

5, 10 and 

20 mg 

Macleods 

Pharmaceuticals Ltd. 

6.  Tablets Twincal 

5, 10 and 

20 mg 

ZZydus Cadila Healthcare 

Ltd 

7.  Tablets Zilneu 

5 and 10 

mg 
Glenmark 
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CHAPTER 4 

Preformulation Studies 

Preformulation is the primary activity that begins early in drug development. 

Preformulation studies are designed to determine the compatibility of initial excipients 

with the active substance for a biopharmaceutical, physicochemical, and analytical 

investigation in support of promising experimental formulations. Data from preformulation 

studies provide the necessary groundwork for formulation attempts.  

The selected drugs and excipients were standardized as per respective pharmacopoeial 

specifications, wherever applicable. Excipients which were not official in pharmacopoeias 

were standardized as per the manufacturers' specifications.  

Lercanidipine Hydrochloride (LER) and Cilnidipine (CLN) used in this project were a 

generous gift sample by Alembic Pharmaceutical Ltd.,Vadodara and J. B. Chemicals & 

Pharmaceutical Pvt. Ltd., Mumbai respectively. 

4.1 Materials and Equipments 

The list of chemicals and excipients used during the present investigation is shown in 

Table 4.1. All the chemicals and reagents used were of AR grade. 

TABLE 4.1 List of Materials used during research work 

S. N. Material Category Manufacturer / Supplier 

1.  Absolute Alcohol Solvent Balaji Drugs, Gujarat 

2.  Acetonitrile HPLC grade solvent Gujarat Chemicals, Gujarat 

3.  Avicel PH101 Carrier material Chemdyes corporation 

4.  Avicel PH102 Carrier material Chemdyes corporation 
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5.  Cab-O-Sil Coating material Chemdyes corporation 

6.  
Concentrated 

Hydrochloric Acid 
Solvent Aatur Laboratories 

7.  Distilled water Solvent In house 

8.  Formic Acid GR Solvent Merck 

9.  Glacial Acetic acid HPLC grade solvent Rankem 

10.  
Hydroxy Propyl β 

Cyclodextrin 
Polymer Chemdyes corporation 

11.  Magnesium Steareate Lubricant Suvidhinath laboratories 

12.  Mannitol Polymer Qualikems ltd. 

13.  Methanol Solvent Chemco 

14.  Mili-Q Water NA In house 

15.  Neusilin Carrier material Fuji Chemicals, Japan 

16.  o- Phosphoric acid HPLC grade solvent Gujarat Chemicals, Gujarat 

17.  PEG 4000 Polymer Suvidhinath laboratories 

18.  PEG 6000 Polymer Suvidhinath laboratories 

19.  Poloxamer 188 Polymer Balaji Drug 

20.  PVP K30 Polymer Balaji Drugs 

21.  
Sodium Lauryl 

Sulphate 
Chemical Suvidhinath laboratories 

22.  
Sodium Starch 

Glycolate 
Super disintegrant Suvidhinath laboratories 

23.  Transcutol HP Non-volatile solvent Gattefosse India Pvt Ltd 
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24.  Tween 80 Non-volatile solvent Suvidhinath laboratories 

25.  Water HPLC grade solvent Sisco Research Lab 

26.  β Cyclodextrin Polymer Chemdyes corporation 

27.  Absolute Alcohol Solvent Balaji Drugs, Gujarat 

28.  Acetonitrile HPLC grade solvent Gujarat Chemicals, Gujarat 

29.  Avicel PH101 Carrier material Chemdyes corporation 

The list of equipments used during the present study is shown in Table 4.2 along with their 

make and model. 

TABLE 4.2 List of Equipments used during research work 

S. N.  Equipment Model Make  

1.  1H NMR spectrophotometer Advance II 400 spectrometer Bruker 

2.  Auto-sampler Shimadzu SIL-20AC Shimadzu 

3.  Bulk density Apparatus XCN 774 Meta Lab Industries 

4.  
Centrifuge NA 

Remi lab instruments, 

India 

5.  Column oven CTO-20AC Shimadzu 

6.  
Cyclo Mixer CM 101 

Remi lab instruments, 

India 

7.  Deep Freezer (-20 oC ) RQFV-265 REMI Corporation 

8.  Degasser DGU-20A5R Shimadzu 

9.  Differential Scanning 

Calorimeter 
Pyris1 DSC Perkin Elmer  

10.  Digital Analytical Balance AUX 220 Shimadzu 

11.  Digital Balance AX 200 Shimadzu Pvt. Ltd  
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12.  Disintegration Apparatus DBK 5020/8 DBK Instrument 

13.  Double Beam UV Vis 

Spectrophotometer 
UV- 1800 Shimadzu pvt. ltd., Japan 

14.  Fourier Transform Infrared 

Spectrophotometer 
Alpha -1 Bruker Optics, Germany 

15.  
Friability Apparatus DBK 5020/6 

Roche friabilator, 

Ahmedabad,India. 

16.  High Performance Liquid 

Chromatography 
1220 LC Agilent Technologies 

17.  
Hot Air Oven NA 

Bombay labs service, 

Mumbai,India 

18.  Humidity Control Oven NA Dolphin Instruments  

19.  Incubator NA Thermolab 

20.  LC/MS/MS 8030 Shimadzu 

21.  
Magnetic Stirrer 1MLH 

Remi lab instruments, 

India 

22.  
Melting Point Apparatus VMP-I 

Veego Inst. corp., 

Mumbai 

23.  Membrane Filter 0.22µ Millipore 

24.  
Monsanto hardness tester NA 

M. Shah and company, 

India 

25.  Operating Software Lab Solution 5.53 SP3C Shimadzu 

26.  Particle size analyzer Nanoseries Nano-ZS Malvern instrument, UK 

27.  pH Meter pH Tutor Eutech Instruments 

28.  Powdered X-ray 

Diffractometer 
Xpert MPD Philips, Holland 

29.  Probe Sonicator VC505 Sonics & Materials Inc. 
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30.  Pump LC-20ADvp Shimadzu 

31.  Refrigerator (2-8oC ) GL335/388 LG Electronics 

32.  Rotary Flask Vacuum 

Evaporator 
NA 

Supertechno associates, 

Mumbai 

33.  Scanning Electron 

Microscope 
JSM 6380 LV JEOL, Japan 

34.  System Controller CBM-20A SPD-M20A Shimadzu 

35.  Tablet compression 

Machine 
NA 

Riddhi trading Co., 

Ahmedabad, India. 

36.  Tablet dissolution test 

apparatus (USP II) 
TDT-08 

ELECTROLAB, 

Mumbai, India 

37.  Transmission Electron 

Microscope 
Tecnai 20 Philips, Holland 

38.  
Ultrasonic Bath EIE808 

EIE Instruments Pvt. Ltd., 

Ahmedabad, India 

39.  
Vacuum Oven NV 8510 

NOVA instrument Pvt. 

Ltd. 

40.  Vacuum Pump NA Millipore 

41.  Vortex Shaker CM-101 REMI 

42.  Water Purification System Elix 10, Milli-Q Gradient Millipore 

4.2 Experimental Work 

4.2.1 Identification of Drugs 

Prior to formulation development, the identification of procured drug is one of the 

preliminary tests to be performed to verify and ensure the purity of drug sample. 

Identification test is also included as a compendial test to provide an aid in verifying the 

identity of articles as they are purpoted [1]. In the present research work, identification of 
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drug was performed by its appearance, solubility, melting point and fourier-transform 

infrared (FT-IR) spectroscopy. 

4.2.1.1 Description of Drugs 

Physicochemical properties of drugs such as state, colour, odour and taste was physically 

examined and compared with the reported description of drugs [2, 3]. 

4.2.1.2 Melting Point  

Melting point is one of the identification tests for organic compounds. The melting point of 

the drug was determined using capillary melting point method. The drug was filled in a 

thin walled capillary tube, with sealed one end. The capillary was then placed in melting 

point apparatus and the temperature of the apparatus was gradually increased. The 

temperature range over which the drug melts was observed visually [2, 3]. 

4.2.1.3 Solubility 

Solubility tests were performed as a part of test for purity [1]. Solubility of drug was 

measured by taking 10 mg of drug in a test tube followed by stepwise addition of 0.1 mL 

of solvent. Addition of solvent was continued till the sample was dissolved completely [4]. 

Solubility was recorded in form of the solvent required for solubilisation of the drug 

powder and was compared with reported values. 

4.2.1.4 Identification of Drug by FTIR 

Fourier transform Infra-red (FT-IR) is the tool for solid state characterization of 

pharmaceutical solids [5]. The identification of the drug was done by (FT-IR) 

spectroscopic method using Alpha Bruker FTIR spectrophotometer. The drug was mixed 

with suitable amount of KBr and converted into pellets using KBr press at 20 psi for 10 

min. The disc thus prepared was placed in a sample compartment and scanned at 

transmission mode in the region of 4000 to 400 cm-1. As LER and CLN are not official in 

any pharmacoepeia, their reference IR spectra are not available. Hence, the wave numbers 
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of peaks in IR spectrum of the drug thus obtained was compared with the theoretical values 

of the wavenumber corresponding to the structure of drugs. 

4.2.2 Analytical Methods 

Analytical methods were required at different stages of research for the estimation of drug 

content. Suitable Analytical techniques were developed and used for accurate, precise and 

convenient analysis of drug during preformulation, optimization, in vitro and in vivo 

measurements. 

4.2.2.1 Development of UV Spectrophotometric Method for Estimation of 

Lercanidipine Hydrochloride (LER) 

UV spectrophotometric method for estimation of Lercanidipine Hydrochloride (LER) in 

Methanol is reported in literature [6]. For estimation of LER in formulations, reported 

method was used. Calibration curve for LER was prepared in Methanol and 0.1 N HCl at 

236 nm. 

4.2.2.1.1 Calibration Curve of LER in Methanol as a solvent 

Calibration curve of LER in Methanol was used to estimate content of LER in the 

formulation. 

Preparation of Stock Solution 

Accurately weighed 100 mg of LER was transferred in 100 mL volumetric flask. The drug 

was dissolved and diluted upto the mark with Methanol to give a solution with 

concentration of 1000 µg/mL. An aliquot of 10 mL from the above solution was withdrawn 

and diluted upto 100 mL with Methanol to obtain a stock solution having concentration of 

100µg/mL.  

Preparation of Solutions to obtain Calibration Curve  

Appropriate aliquots from stock solution of LER (0.25, 0.5,0.75,1, 1.5, 2, 2.5, 3,4,5 and 6 

mL) were accurately withdrawn in 10 mL volumetric flask and diluted upto the mark with 

methanol to obtain the final concentration of solution in range of 2.5-60 µg/mL. For 

spectroscopic measurement drug free solvent was used as a blank. To measure the λmax, 
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solution of 10µg/mL was scanned in the range of 200-400 nm using double beam 

spectrophotometer. Absorbance of prepared solutions of calibration range was measured at 

λmax of LER. The procedure for measurement of absorbance was performed in triplicate. 

Mean value of the absorbance (n=3) was plotted against concentration to obtain a 

calibration curve.  

4.2.2.1.2 Calibration Curve of LER in 0.1 N HCl as a Solvent 

The calibration curve of LER in 0.1 N HCl was used for determination of drug release 

during in vitro release measurements. 

Preparation of Stock Solution 

Accurately weighed 100 mg of LER was transferred in 100 mL volumetric flask. The drug 

was dissolved and diluted upto the mark with 0.1 N HCl to give a solution with 

concentration of 1000 µg/mL. An aliquot of 10 mL from the above solution was withdrawn 

and diluted upto 100 mL with 0.1 N HCl to obtain a stock solution having concentration of 

100µg/mL.  

Preparation of Solutions to obtain Calibration Curve  

Appropriate aliquots from stock solution of LER (0.2,0.4,0.6,0.8,1,1.2,1.4,1.6,1.8 and 2 

mL) were accurately withdrawn in 10 mL volumetric flask and diluted upto the mark with 

0.1 N HCl to obtain the final concentration of solution in range of 2-20 µg/mL. For 

spectroscopic measurement drug free solvent was used as a blank. To measure the λmax, 

solution of 10µg/mL was scanned in the range of 200-400 nm using double beam 

spectrophotometer. Absorbance of prepared solutions of calibration plot was measured at 

λmax of LER. The procedure for measurement of absorbance was performed in triplicate. 

Mean value of the absorbance (n=3) was plotted against concentration to obtain a 

calibration curve. 

4.2.2.2 Development and Validation of HPLC Method for Estimation of LER in Rat 

Plasma 

The process of pharmaceutical product development requires a suitable bioanalytical 

method to quantify drugs and/or their metabolites in the biological matrices like blood, 



CHAPTER 4                                                                 PREFORMULATION STUDIES 

 
 

 

 

Page 82 

   

serum, plasma and /or urine. A well-developed bioanalytical method is an integral part of 

in vivo studies of the drugs [7-9].  

Existing literature reveals that few bioanalytical methods for estimation of LER has been 

developed and validated. Selvadurai et al has reported liquid chromatography with UV 

detection for estimation of LER in human plasma [13]. Charde et al has developed 

bioanalytical HPLC method for estimation of LER in rabbit serum in isocratic mode 

[14].In present study an HPLC method for estimation of LER in rat plasma was used with 

slight modification with that of the reported method. 

4.2.2.2.1 Development of Chromatographic Method 

Procedure for Extraction of Drug from Plasma  

Based on the method developed by Charde et al.,for extraction of LER from rabbit plasma, 

liquid-liquid extraction procedure was selected [14]. 

200 µl of plasma containing drug was taken to which 25µl of trichloroacetic acid was 

added to increase the intensity of peak. Resulting solution was mixed on vortex mixer for 

60 sec and 1.5 mL of Acetonitrile was added to it. Obtained mixture was again mixed on 

vortex mixer for 60sec followed by centrifugation at 4,000 rpm for 10min at 4ºC. 

Supernatant was carefully separated, filtered through 0.45 µm filter paper and collected in 

a glass tube. The organic layer was evaporated to dryness. Obtained residues were 

reconstituted with 100 µl of mobile phase and 20 µl of this sample was injected in HPLC. 

Preparation of Stock Solutions 

Primary stock solution (100 µg/mL) of LER was prepared by dissolving accurately 

weighed 10 mg of LER to 100 mL of acetonitrile (ACN). Further dilutions were done 

using ACN: water (50:50) to get the secondary stock solution of 10 µg/mL.  

Preparation of Calibration Curve of LER  

Secondary stock solution thus obtained was spiked with 200µL rat plasma to obtain 

solutions of 25, 50, 100, 250, 500, 750, 1000 ng/mL concentration of LER. All the samples 

prepared were protected from light using amber colored glassware. 

Bioanalysis of LER by RP-HPLC Method in Rat Plasma 

The chromatographic separation was achieved on a C18 reverse phase column (Waters, 

100 mm long and 4.6 mm internal diameter, particle size 5 µm, Spherisorb ODS, Ireland) 
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equipped with a guard column of same packing material. The mobile phase consisted of 

Acetonitrile and water (pH adjusted to 3.5 with o-phosphoric acid) in a ratio of 60:40. The 

HPLC system was operated at a flow rate of 1 mL/min in the isocratic mode and 240 nm 

was used as a detection wavelength [15].  

4.2.2.2.2 Bioanalytical Method Validation 

Developed bioanalytical method was validated as per USFDA guidelines and ICH 

guidelines [16, 17]. 

Linearity 

Linearity of developed method was established in the range of 20-2500 ng/mL (25, 50, 

100, 250, 500, 750, 1000, 1500, 2000 and 2500 ng/mL) of LER. All the measurements 

were done in triplicates. Least square regression analysis of the obtained area of LER vs. 

concentration curve was carried out. The linearity was confirmed by correlation 

coefficient. 

Precision and Accuracy 

Precision and accuracy were determined using replicate analysis (n=6) of quality control 

samples at three concentrations. The analysis was performed on same day and on three 

consecutive days. SD and %RSD were calculated for the results obtained. 

Extraction Recovery 

Extraction recovery was analysed by comparing mean peak areas of six extracted low 

quality control (LQC) samples to mean peak areas of six un-extracted reference solutions.  

Selectivity 

Selectivity for the method was analysed to confirm the ability of method to discriminate 

LER in presence of other components in sample matrix and to quantify it. The selectivity 

was determined by injecting six blank rat plasma samples extracted with the same method 

as that of the sample.  

Stability 

Stability of LER in rat plasma was examined by spiking plasma samples at bench top 

stability and freeze-thaw stability. For freeze thaw stability, QC samples were processed 



CHAPTER 4                                                                 PREFORMULATION STUDIES 

 
 

 

 

Page 84 

   

for three freeze-thaw cycles and at last the sample was analysed as per the process of 

analysis and amount of LER was assayed. For bench top stability, samples were stored at 

ambient temperature in replicates and analysed for content of LER. 

4.2.2.3 Development of UV Spectrophotometric Method for Estimation of Cilnidipine 

(CLN) 

For estimation of CLN in formulations, reported UV spectrophotometric method for 

estimation of Cilnidipine (CLN) in Methanol was used literature [18]. Calibration curve for 

CLN was prepared in Methanol at 240 nm and in 1% Sodium Lauryl Sulphate (SLS) at 242 

nm. 

4.2.2.3.1 Calibration Curve of CLN in Methanol as a Solvent 

Calibration curve of CLN in Methanol was used to estimate content of CLN in the 

formulation and to measure entrapment efficiency. 

Calibration curve of CLN in Methanol was prepared in same manner as described in 

section 4.2.2.1.1. 

4.2.2.3.2 Calibration Curve of CLN in 1% SLS as a Solvent 

The calibration curve of CLN in 1% SLS was used for determination of drug release 

during in vitro release measurements. 

Calibration curve of CLN in 1% SLS was prepared in same manner as described in section 

4.2.2.1.2 using 1% SLS solution as diluent in place of 0.1 N HCl. 

4.2.2.4 Development and Validation of HPLC-MS/MS Method for Estimation of CLN 

in Rat Plasma 

For analysis of CLN in the biological fluids, various analytical methods are available for 

CLN alone and in combination with other drugs. [19-21] 

Due to low bioavailability of CLN, its plasma concentration is also low. Moreover, the 

detectability of CLN in HPLC is also low. Therefore, to get accurate and reliable results of 

CLN in rat plasma, LC-MS/MS method was developed and validated as per the guidelines. 
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4.2.2.4.1 Preparation of Solutions 

Mobile Phase Buffer (10mM Ammonium Acetate in water)  

Accuratlely weighed quantity of 0.1542 gm ammonium acetate was dissolved in 100 mL of 

with HPLC grade Milli Q water. The resulting solution was diluted upto 200 mL with 

HPLC grade Milli Q water and solution was stored at ambient temperature. 

 

Mobile Phase (Mobile Phase Buffer: Methanol 5: 95 % v/v)  

950 mL of methanol and 50 mL of Mobile phase Buffer was transferred into a reagent 

bottle and contents were mixed thoroughly to obtain mobile phase. 

 

Drug Stock Solution, 1mg/mL  

10 mg of CLN standard was accurately weighed and dissolved in methanol. The resulting 

solution was diluted with methanol to obtain final concentration of 1 mg/mL.  

 

ISTD Stock Solution, 1 mg/mL  
 
10 mg of LER standard was accurately weighed and dissolved in methanol. The resulting 

solution was diluted with methanol to obtain final concentration of 1 mg/mL.  

 

ISTD intermediate solution, 5 µg/mL:  
 
50.0µL of ISTD Stock Solution(1 mg/mL) was diluted upto 10.0mL with Methanol 

to obtain the ISTD intermediate solution with 5 µg/mL concentration.  

 

ISTD dilution, 20ng/mL:  
 
40.0µL of ISTD intermediate Solution (5 µg/mL) was diluted upto 10 mL with 

Methanol to obtain ISTD solution with 20 ng/mL concentration. 

 

Drug intermediate stock solution, 50 µg/mL:  
 
500.0µL of Drug Stock Solution (1 mg/mL) was diluted upto 10 mL with methanol 

to obtain Drug Intermediate stock solution of 50 µg/mL. 

 

Preparation of Standard and Quality Control Samples 

 

Calibration Curve (CC) Spiking Solutions: CC Spiking solutions were prepared in 

Methanol using Drug Intermediate Stock Solution (50 µg/mL) by serial dilutions as 

described in Table 4.3.   
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TABLE 4.3 Calibration Curve spiking solution dilution scheme for CLN 

Stock Dil. 

Conc. 

(ng/mL) 

Vol. 

Taken 

(mL) 

Vol. of 

methanol 

(mL) 

Total Vol. 

(mL) 

Spiking Solution 

Conc. (ng/mL) 

Spiking 

Solution ID 

50000 1.000 4.000 5.000 10000 SS STD1 

10000 2.500 2.500 5.000 5000 SS STD2 

5000 2.500 2.500 5.000 2500 SS STD3 

2500 2.000 3.000 5.000 1000 SS STD4 

1000 2.500 2.500 5.000 500 SS STD5 

500 2.500 2.500 5.000 250 SS STD6 

250 2.000 3.000 5.000 100 SS STD7 

100 2.500 2.500 5.000 50.0 SS STD8 

 

Spiked CC Standards: 
 
CC standards were prepared by spiking the respective CC spiking solutions in drug 

free sodium heparin human plasma as described in Table 4.4. 

TABLE 4.4 Spiked Calibration Curve solution dilution scheme for CLN 

Spiking 

Solution ID 

Spiking 

Solution Conc. 

(ng/mL) 

Spiking 

Vol. 

(mL) 

Plasma 

Vol (mL) 

Total 

Vol. 

(mL) 

Spiked 

Conc. 

(ng/mL) 

STD ID 

Methanol 0 0.500 9.500 10.000 0.00 STD BL 

SS STD1 10000 0.500 9.500 10.000 500 STD 1 

SS STD2 5000 0.500 9.500 10.000 250 STD 2 

SS STD3 2500 0.500 9.500 10.000 125 STD 3 

SS STD4 1000 0.500 9.500 10.000 50.0 STD 4 

SS STD5 500 0.500 9.500 10.000 25.0 STD 5 

SS STD6 250 0.500 9.500 10.000 12.5 STD 6 

SS STD7 100 0.500 9.500 10.000 5.00 STD 7 

SS STD8 50.0 0.500 9.500 10.000 2.50 STD8 
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Quality Control (QC) Spiking Solutions: QC spiking solutions were prepared in 

Methanol using Drug Intermediate Stock Solution (50µg/mL) by serial dilution as given in 

Table 4.5. 

TABLE 4.5 Quality Control spiking solution dilution scheme for CLN 

Stock Dil. 

Conc. 

(ng/mL) 

Vol. 

Taken 

(mL) 

Vol. of 

Methanol 

(mL) 

Total Vol. 

(mL) 

Spiking 

Solution 

Conc. 

(ng/mL) 

Spiking Solution 

ID 

50000 0.900 4.100 9000 54000 SS HQC 

9000 2.000 4.000 6.000 3000 SS MQC 

3000 0.250 4.750 5.000 150 SS LQC 

Spiked QC Samples: 

 
QC samples were prepared by spiking the respective QC spiking solutions in drug free 

human plasma as described in Table 4.6. 

TABLE 4.6 Spiked QC sample dilution for CLN 

Spiking 

Solution 

ID 

Spiking 

Solution 

Conc. 

(ng/mL) 

Spiking 

Vol. 

(mL) 

Plasma 

Vol (mL) 

Total Vol. 

(mL) 

Spiked 

Conc. 

(ng/mL) 

STD ID 

SS HQC 54000 0.500 9.500 10.000 450 HQC 

SS MQC 3000 0.500 9.500 10.000 150 MQC 

SS LQC 150 0.500 9.500 10.000 7.50 LQC 

4.2.2.4.2 Optimization of Chromatographic Conditions 

Liquid Chromatographic Conditions 

A Shimadzu HPLC system with Gemini C18 (50mm x 4.6mm, 5μ) was used for 

chromatographic separation. The mobile phase was prepared by addition of 10 mM 

ammonium acetate buffer in water and methanol (5:95 v/v). The separation process was 

carried out at the flow rate of 0.5 mL/min. Autosampler temperature was kept at 15±3ºC 

and column temperature was set at 40±0.3ºC. Volume of injection was kept 10 µL with a 

run time of 3 min.  
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Mass Spectrometric Conditions and Data Processing 

The Mass Spectrometry was operated as per the condition mention in Table 4.7. 

 

TABLE 4.7 Tuning Parameter of MS/MS for CLN and internal standard 

Parameters Drug ISTD 

Ion Source  Electro Spray ionization 

Polarity Negative Positive 

Parent Ion 491.40 612.60 

Daughter Ion 122.10 280.20 

Dwell Time(msec) 100 

Collision Energy (CE) 25.0 -25.0 

Sample Extraction Procedure 

A simple protein precipitation method was carried out to extract CLN from plasma, 

calibration standards and QC samples. 200 μL of each sample was taken and to it, 50 μL 

ISTD dilution solution was added. To the obtained mixture 1.2 mL of Methyl tert Butyl 

Ether was added and capped tubes were vortexed for 10 mins. Extracted samples were 

centrifuged 10000rpm, at 10± 2 °C for 10 min. 1.0 mL of supernatant was transferred into 

pre-labelled tubes and evaporated to dryness under vacuum at 40±5
o
C. After drying, 

samples were reconstituted with 100 μL of Mobile Phase and vortexed for about 30 

seconds. Reconstituted samples were transfer into pre-labeled auto sampler vials, arrange 

them in the auto sampler and inject by using HPLC-ESI-MS/MS. 

4.2.2.4.3 Bioanalytical Method Validation 

The developed method was validated according to the US Food and Drug Administration 

(FDA) Bioanalytical Method Validation Guide in terms of specificity, linearity and 

sensitivity, precision and accuracy, extraction recovery and matrix effect, stability. 

Selectivity 

Selectivity was analysed to confirm that no possible interferences from endogenous 

compounds are seen at the retention times of CLN and IS. It was checked by obtaining 

chromatogram of six different batches of heparinized plasma.   
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Linearity  

The linearity of the method was determined by analyzing eight concentrations (2-500 

ng/mL). The calibration curve was obtained by plotting the peak area ratio of CLN to IS 

vs. Concentration of CLN. Weighted least square regression analysis of standard plots 

associated was carried out using 1/x2 as the weighting factor.  

Precision and Accuracy 

The precision of the CLN bioanalysis was determined by calculating percent coefficient of 

variation over the concentration range of LQC, MQC and HQC samples.  

Recovery 

The percentage mean recoveries were obtained by determining the response of the 

extracted plasma quality control samples at LQC and HQC against aqueous extracted 

quality control samples at LQC and HQC. 

Stability 

Stability studies in plasma were conducted in the various conditions using three replicates 

of LQC and HQC samples 

Bench Top Stability 

Long term stability of the spiked quality control samples in matrix was determined for 15 

days and 30 days for CLN which was stored at -20 ± 5°C temperature. Stability was 

assessed by comparing against the freshly thawed quality control samples. 

Freeze Thaw Stability 

To determine freeze thaw stability, spiked quality control samples were subjected to three 

freeze thaw cycles stored at below -20 ± 5°C followed by analysis . Stability was assessed 

by comparing against the freshly spiked quality control samples. 

Auto Sampler Stability 

To determine auto sampler stability, six sets of LQC and HQC were kept at 15°C for about 

48Hrs after extraction. The concentration of stability samples were compared against 

freshly prepared QC samples. 

Post extraction stability 

Six samples were processed each at LQC and HQC working solution in plasma and 

injection vials of these samples were prepared. These vials were stored at RT for 6Hrs. 

These were compared against the fresh calibration standards and QC samples at each level 

which were processed after elapsed period of stability QC samples. 
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Ruggedness 

Ruggedness was performed by analyzing three quality control batches in deliberately 

changed chromatographic conditions. The one batch was analysed by different analyst, one 

was analysed at different column oven temperature and one was analysed by changing the 

buffer volume.  

System Suitability  

System suitability for instrument in case of liquid chromatography tandem mass 

spectrometry (LC/MS/MS) confirms consistent instrument performance throughout a run 

during bioanalysis. 

4.3 Results and Discussion 

4.3.1 Identification of Drugs 

4.3.1.1 Identification of Drugs by description, solubility and melting point 

Procured LER and CLN were identified based on their physical examination, melting point 

and solubility. The results for identification of LER and CLN are depicted in Table 4.8 (a) 

and Table 4.8 (b). 

TABLE 4.8 (a) Identification of LER 

Sr. 

No. 
Test Specification Observation 

Inference 

1 State Solid crystalline Solid crystalline Complies 

2 Colour Light Yellow Light Yellow Complies 

3 Taste Bitter Not Performed NA 

4 Melting Point 175º-177º C 176º C Complies 

5 Solubility Soluble in DMSO (100 

mM), ethanol (10 mM), 

water (partly), 

chloroform, and 

methanol 

Easily soluble in DMSO, 

methanol, chloroform , 

soluble in ethanol, 

sparingly soluble in water 

Complies 
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TABLE 4.8 (b) Identification of CLN 

Sr. No. Test Specification Observation Inference 

1 State Solid crystalline Solid crystalline Complies 

2 Colour Light Yellow Light Yellow Complies 

3 Taste Bitter Not Performed NA 

4 Melting Point 115.5-116.6º C 116º C Complies 

5 Solubility  Soluble in DMSO (> 25 

mg/mL), ethanol (20 

mg/mL), water (≤ 2 

mg/mL), and methanol 

Freely soluble in  

Methanol, sparingly soluble 

in water, soluble in DMSO 

and ethanol 

Complies 

 

From the tables 4.3 (a) and (b), it was observed that the obtained value of melting point of 

both the drugs was found to be similar to the reported value which proved that the received 

drug samples meet the reported properties. Any impurity, if present, will cause variation in 

the melting point of a given drug substance. From the above test it was found that the 

sample drug complies with the standard test of LER and CLN stating that the drug samples 

obtained are pure and can be used for the formulation purposes. 

4.3.1.2 Identification of drugs by FTIR 

FTIR spectra of LER and CLN were obtained and confirmed by observing the peaks 

corresponding to the bands present in the drug structure.  

FTIR analysis of LER 

The FTIR spectrum of LER is shown in Fig. 4.1 and it shows various peaks corresponding 

to different bonds present in the structure of LER. The presence of secondary amine group 

is confirmed by a weak absorption band at 3387 cm-1
. Aromatic structure in the drug is 

confirmed by the characteristic absorption bands at 3082 cm-1 and at 1520-1485 cm-1 due to 

C–H stretch and C-C stretching respectively. Conjugated system with ester functional group is 

depicted by prominent C=O stretch at 1681 cm-1. The spectrum illustrates CH3 aliphatic 

stretch at 2947 cm-1 along with extensive and overlapping NO2 vibrations at 1564 and 1344 

cm-1. Characteristic peaks at 1232 cm-1 and 1124 cm-1 correspond to the C-C=O-C 

stretching of saturated ester. A weak shoulder at 773 cm-1 can be assigned to the C-N 

stretching vibration of aromatic nitro group. 
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FIGURE 4.1 (a) FTIR spectra of Lercanidipine Hydrochloride 

 

FIGURE 4.1 (b) Structure of LER 

 

FTIR analysis of CLN 

The FTIR spectrum of CLN is shown in Fig. 4.1 and it shows various peaks corresponding 

to different bonds present in the structure of CLN. The presence of N-H stretch and of 

C=O stretch is clearly shown by bands at 3292 cm-1 and 1697 cm-1.Strong and prominent 

peak at 1524 cm-1and 1348cm-1 confirms the existence of NO2 in the structure. Presence of 

secondary amine is confirmed by weak band at 3289 cm-1. Aromatic structure in the drug 

is confirmed by the characteristic absorption bands at 3086 cm-1 and at 1523-1491 cm-1 due 

to C–H stretch and C-C stretching respectively. The spectrum illustrates CH3 aliphatic 

stretch at 2944 cm-1 along with extensive NO2 vibrations at 1577 and 1348 cm-1. 
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FIGURE 4.2 (a) FTIR spectra of Cilnidipine 

 

 

FIGURE 4.2 (b) Structure of CLN 

4.3.2 Analytical Methods  

4.3.2.1 Development of UV Spectrophotometric Method for Estimation of 

Lercanidipine Hydrochloride (LER) 

4.3.2.1.1 Calibration Curve of LER in Methanol as a Solvent 

Calibration curve of LER was prepared in Methanol at 236 nm in the concentration range 

of 2.5-60 µg/mL. The overlay spectra and calibration curve are depicted in Fig. 4.3 (a) and 
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(b) respectively. Data obtained for the calibration is shown in Table 4.9. The regression 

analysis was performed and correlation coefficient of 0.9991 was obtained for the 

calibration curve with the slop of 0.032 and intercept of -0.0624. 

TABLE 4.9 Data for Calibration curve of LER in Methanol at 236 nm 

 S.N. Conc. (µg/mL) 
Abs at 236 nm * 

(n=3) 

1.  2.5 0.036±0.0007 

2.  5 0.119±0.0010 

3.  7.5 0.166±0.0020 

4.  10 0.234±0.0015 

5.  15 0.396±0.0035 

6.  20 0.581±0.0048 

7.  25 0.739±0.0087 

8.  30 0.915±0.0074 

9.  40 1.201±0.0172 

10.  50 1.563±0.0186 

11.  60 1.848±0.0195 

        * Results are expressed as Mean ± SD 

 

FIGURE 4.3 (a) Overlay spectra of LER in Methanol at 236 nm 
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FIGURE 4.3 (b) Calibration curve of LER in Methanol at 236 nm 

4.3.2.1.2 Calibration Curve of LER in 0.1 N HCl as a Solvent 

Calibration curve of LER in 0.1 N HCl for the measurement of dissolution samples were 

prepared and shown in Fig. 4.4 (b) and corresponding data of absorbance is shown in Table 

4.10. Fig. 4.4 (a) shows the overlay spectra of LER in 0.1 N HCl. The regression analysis 

was performed and correlation coefficient of 0.999 was obtained for the calibration curve 

with the slop of 0.0261 and intercept of -0.0171. 

TABLE 4.10 Data for Calibration curve of LER in 0.1 N HCl at 236 nm 

S.N. Conc. (µg/mL) 
Abs at 236 nm * 

(n=3) 

1.  2 0.036±0.0006 

2.  4 0.088±0.0012 

3.  6 0.134±0.0019 

4.  8 0.204±0.0017 

5.  10 0.238±0.0041 

6.  12 0.295±0.0048 

7.  14 0.348±0.0035 

8.  16 0.400±0.0044 

9.  18 0.454±0.0065 

10.  20 0.508±0.0063 

        * Results are expressed as Mean ± SD 
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FIGURE 4.4 (a) Overlay spectra of LER in 0.1 N HCl at 236 nm 

 

FIGURE 4.4 (b) Calibration curve of LER in 0.1 N HCl at 236 nm 

4.3.2.2 Development and Validation of HPLC Method for Estimation of LER in Rat 

Plasma 

The development of bioanalytical method for the drug is dependent on chemical structure, 

molecular weight, solubility, polarity and pKa of the drug. Along with chemical properties, 

sample preparation technique for bioanalytical method plays an important role in the 

development process. Biological samples such as serum, plasma, blood and urine contain 

many endogenous components and the challenge for method development is the extraction 

of analyte from extremely complex matrices. Also the separation of endogenous 

interferences in such a way that it does not overlap with the retention time of analyte is an 

important requirement for the bioanalytical method. 
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Various sample preparation techniques such as protein precipitation, solid phase extraction 

(SPE) and liquid-liquid extraction (LLE) methods are generally employed for bioanalytical 

method development. LLE is a method used for the separation of a mixture using two 

immiscible solvents. In most LLEs, one of the phases is aqueous and the other is an 

immiscible organic solvent [10-11]. Protein precipitation is a technique in which a miscible 

organic solvent such as acetonitrile, acetone or methanol is added to biological sample to 

precipitate proteins. Other agents that can be used for protein precipitation are metal ion 

such as zinc sulphate, salt such as aluminium chloride or acids such as trichloroacetic acid, 

perchloric acid, metaphosphoric acid and tugstic acid to alter pH of biological samples. 

Protein precipitation method can provide a fast and simple extraction procedure that can be 

applied to both hydrophilic and hydrophobic compounds13.SPE involves use of two phases 

one a solvent with analyte and second the solid phase of sorbent. In this method, the 

sample is loaded onto a solid phase, from which first the undesired components are 

removed by washing them with suitable solvent followed by using an appropriate organic 

solvent to recover desired analyte [12]. 

In the present study, LER was extracted from rat plasma using ACN as a protein 

precipitating reagent. The extraction procedure of LER obtained the chromatogram nearly 

free from the endogenous interference at the retention time of LER (4.76 mins).  

4.3.2.2.1 Optimization of Chromatographic Conditions 

The chromatographic conditions for the separation of LER in rat plasma were optimized 

and it is summarized in Table 4.11.  

TABLE 4.11 Optimized Chromatographic Conditions for Estimation of LER in Rat Plasma 

Equipment Hitachi L-2400 equipped with pump L-2130 

Mobile phase Acetonitrile: water(60:40) (pH adjusted to 3.5 

with o-phosphoric acid) 

Column C18 (150X4.6mm,3.5 µ) 

Column temperature Ambient 

Injection volume 20 µL 

Flow rate 1 mL/min 

Wavelength 240 nm 

Diluent Acetonitrile: water(50:50) 
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4.3.2.2.2 Validation of Bioanalytical Method for Estimation of LER in Rat Plasma 

Developed bioanalytical method for estimation of LER in rat plasma was validated as per 

USFDA guidelines ICH guidelines. 

a) Linearity 

The calibration curve of LER in rat plasma (Fig. 4.5) was constructed using ten point 

calibration standards within the concentration range of 25-2500 ng/mL. The 

calibration curve was obtained by plotting peak area vs concentration and fitted to 

y=mx+c. The calibration curve showing linearity is depicted in Fig.4.5.The slope for 

the calibration plot was found to be 772.49 and intercept was -2502.5. Correlation 

coefficient was found to be 0.9998 which is above 0.98 limits for bioanalytical 

method. 

 

FIGURE 4.5 Calibration curve of LER in rat plasma 

b) Precision and Accuracy 

The precision and accuracy of all QC samples, LQC, MQC and HQC samples were 

measured (n=6) for inter-day (2.31 to 3.86 %RSD) and intraday (2.05 to 3.95) studies. 

The results obtained were found to be in the acceptable limit. The data thus obtained 

demonstrates that method is accurate and precise for the quantification of LER from 

rat plasma. 

c) Extraction Recovery 

The extraction recovery was performed to evaluate extraction procedure used to 

extract LER from rat plasma in the developed bioanalytical method. The overall mean 

recovery of LER was found to be 99.12± 1.98%. Extraction recovery of IS was found to 

be 86.56± 1.23%, indicating that the extraction procedure employed is suitable for 

measurement of LER from blank plasma. 
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d) Selectivity 

To assess selectivity of the method, six blank rat plasmas were injected and 

chromatograms were obtained. From the chromatogram, it was evident that at the 

retention time of LER no interference from the endogenous substance was seen. The 

LER was well separated from the plasma proteins using the developed 

chromatographic conditions with retention time of 4.76 min.  

Representative chromatograms of plasma and that of LER are depicted in Fig 4.6 (a) 

and 4.6 (b) respectively. 
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FIGURE 4.6 (a) Representative chromatogram of blank plasma 
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FIGURE 4.6(b) Overlay of Plasma Blank and LER 
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The developed method could analyse 94.56 ng/mL so it was selected as LLOQ. The 

results of selectivity conclude that the developed method is accurate and precise. 

e) Stability 

Freeze thaw stability and Bench top stability was performed for LER at two levels of 

QC of LQC and HQC. LER was found to be stable in rat plasma when stored in frozen 

condition for one month. Also it was found stable with bench top stability studies.  

The results of bioanalytical method validation along with acceptance criteria are 

summarized in Table 4.12. 

TABLE 4.12 Summary of results for Bioanalytical method validation for LER in rat plasma 

Parameter Observed Results Acceptance 

Criteria 

Calibration 

range 

(Coefficient 

determination) 

25-2500 ng/mL 

r2≥0.9998 

Mean (0.9998 ±0.0001) 

Slope (-2502.5) 

Intercept (772.49±2.41) 

> 0.98 with 

consistency 

System 

suitability 

%CV (Area ratio) ≤ 1.25 

%CV (RT-analyte) ≤ 0.861 

%CV (RT-IS) ≤ 0.751 

%CV ≤ 2.0 for 

area ratio and Rt 

of analyte 

Sensitivity %CV = 8.45  

Mean % nominal Conc= 93.69 

%CV≤ 20.0 

Mean % nominal 

conc should be 

80-120% 

Within day 

Precision and 

accuracy (N=6) 

Levels %RSD %Recovery 

± 15 % deviation 

in RSD 

LQC 3.48 93.36-97.56 

HQC 4.17 97.15-100.10 

MQC 2.86 95.89- 99.76 

Between the 

batches 

Precision and 

accuracy (N=6) 

Batch Levels %RSD %Recovery 

± 15 % deviation 

in RSD 

Batch A 

 

LQC 4.54 95.63-96.87 

HQC 4.95 97.45-99.63 

MQC 3.15 93.67-98.15 

Batch B 

 

LQC 4.85 99.69-101.58 

HQC 5.69 98.57-100.23 

MQC 4.87 96.15-102.36 

Recovery 

analyte 

 

LER: 87.08± 2.64% 

 
Consistent 

recovery 

Stability (N=6) Types Level % Normalization % Change 

85 to 115 %. 

 

%RSD %Accu

racy 

%RS

D 

%Acc

uracy 

Freeze 

Thaw 

Stability 

HQC 

LQC 

1.21 

1.01 

88.51 

98.12 

0.78 

2.86 

87.14 

86.47 

Bench top  

Stability 

HQC 

LQC 

0.87 

0.65 

99.35 

99.27 

0.51 

1.67 

90.23

91.63 
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4.3.2.3 Development of UV Spectrophotometric Method for Estimation of Cilnidipine 

(CLN) 

4.3.2.3.1 Calibration Curve of CLN in Methanol as a Solvent 

Calibration curve of CLN was prepared in Methanol at 240 nm in the concentration range 

of 3-18 µg/mL. The overlay spectra and calibration curve are depicted in Fig. 4.7 (a) and 

(b) respectively. Data obtained for the calibration is shown in Table 4.13. The regression 

analysis was performed and correlation coefficient of 0.9993 was obtained for the 

calibration curve with the slop of 0.0751 and intercept of 0.0717. 

TABLE 4.13 Data for Calibration curve of CLN in Methanol at 240 nm 

 S.N. Conc. (µg/mL) 
Abs at 240 nm * 

(n=3) 

1.  3 0.298±0.002 

2.  6 0.519±0.005 

3.  9 0.760±0.008 

4.  12 0.954±0.007 

5.  15 1.208±0.011 

6.  18 1.423±0.016 

        * Data expressed as Mean ± SD 

 

FIGURE 4.7 (a) Overlay spectra of LER in Methanol at 240 nm 
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FIGURE 4.7 (b) Calibration curve of LER in Methanol at 240 nm 

4.3.2.3.2 Calibration Curve of CLN in 1% SLS as a Solvent 

Calibration curve of CLN in 1% SLS for the measurement of dissolution samples were 

prepared and shown in Fig. 4.8 (b) and corresponding data of absorbance is shown in Table 

4.14. Fig. 4.8 (a) shows the overlay spectra of LER in 0.1 N HCl. The regression analysis 

was performed and correlation coefficient of 0.999 was obtained for the calibration curve 

with the slop of 0.0791 and intercept of 0.0356. 

 

TABLE 4.14 Data for Calibration curve of CLN in 1% SLS at 242 nm 

S.N. Conc. (µg/mL) 
Abs at 242 nm * 

(n=3) 

1.  2 0.222±0.001 

2.  4 0.334±0.003 

3.  6 0.499±0.005 

4.  8 0.655±0.004 

5.  10 0.827±0.007 

6.  12 0.995±0.011 

7.  14 1.148±0.017 

8.  16 1.311±0.014 

9.  18 1.443±0.015 

10.  20 1.627±0.017 

                                                        * Data expressed as Mean ± SD 
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FIGURE 4.8 (a) Overlay spectra of CLN in 1%SLS at 242 nm 

 

FIGURE 4.8 (b) Calibration curve of CLN in 1%SLS at 242 nm 
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4.3.2.4 Development and Validation of HPLC-MS/MS Method for Estimation of CLN 

in Rat Plasma. 

4.3.2.4.1 Optimization of Chromatographic Conditions 

Optimized chromatographic conditions along with rinsing cycle condition are depicted in 

Table 4.15 (a) and (b). 

 

TABLE 4.15 (a) Chromatographic Conditions for Estimation of CLN in Rat Plasma 

Parameters Used 

Column Gemini C18, (50mm x 4.6mm, 5μm) 

Mobile Phase 10mM Ammonium Acetate in water : Methanol 

(5 : 95% v/v) 

Flow rate 0.5 mL/min 

Column oven temperature 40±0.3°C 

Autosampler temperature 15±3°C 

Volume of injection 10.0 µL 

Detector Mass detector (MS/MS) 

Retention time Analyte at about 1.590 minutes 

ISTD at about 2.000 minutes 

Run time 3.0 minutes 

TABLE 4.15 (b) Rinsing Cycle used for the HPLC-MS/MS Method for Estimation of CLN in 

Rat Plasma 

Parameters Used 

Rinsing Volume 500µL 

Needle Stroke 52mm 

Rinsing Speed 35.0µL/second 

Sampling Speed 15.0µL/second 

Purge Time 1.00 minute 

Rinse Dip Time 1 second 

Rinse Mode Before and after aspiration 
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Sample Extraction Procedure 

A simple protein precipitation method was carried out to extract CLN from plasma, 

calibration standards and QC samples. 200 μL of each sample was taken and to it, 50 μL 

ISTD dilution solution was added. To the obtained mixture 1.2 mL of Methyl tert Butyl 

Ether was added and capped tubes were vortexed for 10 mins. Extracted samples were 

centrifuged 10000rpm, at 10± 2 °C for 10 min. 1.0 mL of supernatant was transferred into 

pre-labelled tubes and evaporated to dryness under vacuum at 40±5
o
C. After drying, 

samples were reconstituted with 100 μL of Mobile Phase and vortexed for about 30 

seconds. Reconstituted samples were transfer into pre-labeled auto sampler vials, arrange 

them in the auto sampler and inject by using HPLC-ESI-MS/MS. 

 

4.3.2.4.2 Validation of Bioanalytical Method for Estimation of CLN in Rat Plasma  

The developed HPLC-MS/MS method was validated as per the official guidelines of ICH 

and USFDA. 

Selectivity 

Selectivity was confirmed by obtaining chromatograms of blank and spiked plasma. 

 

FIGURE 4.9 Representative Chromatograms of Extracted Blank Plasma  
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FIGURE 4.10 Representative Chromatograms of Extracted Plasma CLN and IS 

Representative chromatograms of extracted blank plasma (Fig. 4.9), blank plasma fortified 

with CLN and IS (Fig. 4.10) are shown no interference in the blank plasma at the retention 

time of CLN and the IS. 

Calibration and Linearity 

Calibration curve were found linear over concentration range of 2-500 ng/ mL the 

regression coefficient (R2) was found to be 0.9811. Back calculation was done from 

calibration curve to determine CLN concentration from each calibration standard as shown 

in Fig 4.11 and Table 4.16 below.  

 

FIGURE 4.11 Calibration Curve of CLN by HPLC-MS/MS 
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TABLE 4.16 Summary of calibration curve parameter for estimation of CLN by HPLC-

MS/MS 

Sr. No. (N=3) Y intercept Slope 
Correlation 

coefficient (R2) 

1 2.552 0.368 0.981 

2 2.669 0.369 0.989 

3 3.648 0.374 0.979 

4 2.405 0.396 0.987 

5 3.750 0.376 0.977 

Mean 3.0048 0.3766 0.9826 

SD 0.57386 0.010151 0.00463 

%CV 19.09812 2.695396 0.471233 

 

Accuracy 

All calibration curves were found to be linear over the range of 2-500 ng/mL. The 

precision for the six plasma samples spiked at LOQ concentration was 4.3% with a mean 

accuracy of 99.60 -103.70 % (Table 4.17). 

TABLE 4.17 Precision and Accuracy Data of Back-Calculated Concentrations 

Sr. No.  
Cal 1 

(2ng/mL) 

Cal 2    

(4.5 

ng/mL) 

Cal 3 (12 

ng/mL) 

Cal 4   

(25 

ng/mL) 

Cal 5 

(50 

ng/mL) 

Cal 6 (120 

ng/mL) 

Cal 7 (250 

ng/mL) 

Cal 8 (500 

ng/mL) 

PA-1 1.99 4.41 11.89 25.23 50.28 119.65 251.02 498.23 

PA-2 2.01 4.51 12.26 25.01 50.68 120.23 249.83 501.22 

PA-3 2.22 4.61 12.21 25.35 48.56 118.69 251.25 498.23 

PA-4 2.18 4.56 11.99 25.22 51.23 121.26 245.69 502.10 

PA-5 1.97 4.32 11.86 24.56 49.53 119.21 249.25 497.21 

Mean 2.074  4.482  12.042  25.074  50.056  119.808  249.408  499.398  

SD 0.117  0.117  0.164  0.279  0.931  0.885  2.001  1.905  

%CV 5.629  2.609  1.363  1.114  1.860  0.739  0.802  0.381  

%Accu

racy 
103.70  99.60  100.35  100.30  100.11  99.84  99.76  99.88  

 

Recovery 

Recovery of an analyte was determined at low and high quality control samples. Analyte 

was spiked to the reconstituted solvent of the above blank samples to obtain the post 

spiked LQC, MQC and HQC samples. Post spiked and extracted quality control samples 
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were analyzed and percentage recovery at each level was calculated by comparing the 

response area of low and high quality control levels and an internal standard. Mean 

percentage recovery across all QC levels for CLN and LER is 69.39% and 77.03% 

respectively. The summary statistics for recovery of CLN is presented in Table 4.18. 

TABLE 4.18 Recovery of CLN across QC levels 

Parameter HQC LQC 

 
Extracted  

Peak Area * 

Un-

extracted 

Peak Area* 

Extracted  

Peak 

Area* 

Un-

extracted 

Peak Area* 

 
460501.5± 

43964.36 

663666.5± 

19327.35 

9164.5± 

1052.88 

11897.5± 

144.96 

% CV 9.55 2.91 11.49 1.22 

% Mean Recovery 69.39 77.03 

Correction Factor 1.200 

% Mean Recovery with 

correction factor 
83.26 92.43 

% Overall Recovery 71.03 

% Overall Recovery with 

Correction Factor 
85.23 

% Overall CV 7.56 

* Data expressed as Mean ± SD (n=6) 

Stability 

Bench top stability at room temperature 

Five sample were spiked separately each of LQC and HQC working solutions in plasma. 

The contents were mixed and kept at room temperature for 6 hours the %CV change in 

CLN in stability after 6 hours were within limits of <15% compared to freshly prepared 

samples as mentioned in the below Table 4.19 (a). 

Bench top Stability in blood at room temperature: 

Bench top stability was done in the whole blood for 2 hours using 5 samples at LQC and 

HQC. The %CV change in CLN concentration in stability samples after two hours were 

within <15% as compared to freshly prepared samples.as mentioned in the Table 4.19 (b). 
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TABLE 4.19(a) Bench top Stability of spiked plasma samples at room temperature 

Stability LQC (7.658 ng/mL) Stability HQC (149.86 ng/mL) 

Measured concentration 

(ng/mL) 

Measured concentration 

(ng/mL) 

7.51 147.56 

7.49 145.33 

7.55 141.17 

7.32 143.68 

7.45 144.44 

7.26 146.55 

Mean 7.430  144.788  

SD 0.115  2.259  

%CV 1.544  1.560  

%NOM 97.023  96.616  

 

TABLE 4.19(b) Bench top Stability of whole blood samples at room temperature 

Stability LQC (2.66 ng/mL) Stability HQC (54.58 ng/mL) 

Measured concentration 

(ng/mL) 

Measured concentration 

(ng/mL) 

 2.55  58.29 

2.66  49.21 

2.54  55.47 

2.69  52.79 

2.64  52.51 

2.63  51.08 

Mean 2.618  53.225  

SD 0.060  3.228  

%CV 2.309  6.066  

%Difference 98.19  97.50 

 

Freeze thaw stability: 

LQC samples and HQC samples were stored at -10°C and subjected to 24 Hrs cycle 

internal time point. The %CV for stability QC was found to be <15% as mentioned in the 

Table 4.20. 
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TABLE 4.20 Freeze Thaw stability of Quality Control Samples of CLN 

 

Comparison LQC  Stability LQC  Comparison HQC  Stability HQC  

(7.658 ng/ml) (7.658 ng/ml) (149.86ng/ml) (149.86 ng/ml) 

Measured 

Conc.(ng/

mL) 

% 

Accuracy 

Measured 

Conc. 

(ng/mL) 

% 

Accuracy 

Measured 

Conc. 

(ng/mL) 

% 

Accuracy 

Measured 

Conc. 

(ng/mL) 

% 

Accuracy 

7.55 98.590  7.433 97.062  147.65 98.525  145.95 97.391  

7.45 97.284  7.36 96.109  146.12 97.504  144.69 96.550  

7.51 98.067  7.49 97.806  143.22 95.569  143.11 95.496  

7.59 99.112  7.52 98.198  147.95 98.725  146.01 97.431  

7.49 97.806  7.39 96.500  144.89 96.684  143.57 95.803  

7.12 92.975  7.01 91.538  143.95 96.056  142.23 94.909  

N 6  6  6  6  

Mean 7.452  97.306  7.367  96.202  145.630  97.177  144.260  96.263  

SD 0.170  2.214  0.185  2.414  1.943  1.297  1.551  1.035  

%CV 2.275  2.275  2.510  2.510  1.334  1.334  1.075  1.075  

 

Auto Sampler Stability: 

Extracted six sets of LQC and HQC were kept at 15°C for about 48 Hrs. The concentration 

of stability samples were compared against freshly prepared QC samples. The % CV for 

the stability QC samples was found to be in <15% as mentioned in the Table 4.21. 

TABLE 4.21  

Auto Sampler Stability for LQC and HQZ samples of CLN 

Stability LQC (7.658 ng/ml) Stability HQC (149.86 ng/mL) 

Measured concentration(ng/mL) Measured concentration(ng/mL) 

7.61 149.58 

7.58 147.99 

7.6 148.87 

7.57 148.83 

7.58 148.99 

7.56 149.01 

Mean 7.583  148.878  

SD 0.019  0.513  

%CV 0.246  0.344  

%NOM 99.025  99.345  
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Post extraction stability 

Six samples were processed each at LQC and HQC working solution in plasma and 

injection vials of these samples were prepared. These vials were stored at RT for 6Hrs. 

These were compared against the fresh calibration standards and QC samples at each level 

which were processed after elapsed period of stability QC samples. The %CV for the 

stability QC was found to be <15% as mentioned in the Table 4.22. 

TABLE 4.22  Post Extraction Stability of Quality Control Samples for Estimation of CLN in 

Rat Plasma 

 Comparison LQC Stability LQC Comparison HQC  Stability HQC  

 (7.65 ng/ml) (7.65 ng/ml) (149.86 ng/ml) (149.86 ng/ml) 

 
Measured 

Conc.(ng/mL

) 

% 

Accurac

y 

Measure

d Conc. 

(ng/mL) 

% 

Accurac

y 

Measure

d Conc. 

(ng/mL) 

% 

Accura

cy 

Measur

ed 

Conc. 

(ng/mL) 

% 

Accurac

y 

 7.43 97.124  7.25 94.771  146.23 97.487  145.33 96.887  

 7.61 99.477  7.54 98.562  147.22 98.147  146.32 97.547  

 7.5 98.039  7.47 97.647  146.99 97.993  142.32 94.880  

 7.61 99.477  7.53 98.431  148.24 98.827  145.35 96.900  

 7.45 97.386  7.41 96.863  150.35 100.233  148.27 98.847  

 7.38 96.471  7.31 95.556  149.23 99.487  147.23 98.153  

N 6  6  6  6  

Mean 7.497  97.996  7.418  96.972  148.043  98.696  145.803  97.202  

SD 0.096  1.253  0.118  1.548  1.539  1.026  2.047  1.365  

%CV 1.279  1.279  1.596  1.596  1.040  1.040  1.404  1.404  

 

Ruggedness  

To check reproducibility of data interchange of analyst , change in column oven 

temperature and change in buffer volume were carried out at same concentration and data 

obtained correlate with the data in the range of 98%-102% as shown in the below table 

4.23 (a). 

 



CHAPTER 4                                                                 PREFORMULATION STUDIES 

 
 

 

 

Page 112 

   

TABLE 4.23 (a) Data for Ruggedness performed for Estimation of CLN in Rat Plasma 

 

LQC MQC HQC 

(7.658 ng/mL)  (132.58 ng/mL)  ( 149.86 ng/mL) 

Conc. Found 

(ng/mL)  
% Accuracy 

Conc. Found 

(ng/mL)  
% Accuracy 

Conc. Found 

(ng/mL)  

% 

Accuracy 

7.59 99.112  131.56 99.231  150.29 100.287  

7.49 97.806  132.69 100.083  148.12 98.839  

7.69 100.418  128.68 97.058  149.33 99.646  

7.51 98.067  129.99 98.046  151.01 100.767  

7.36 96.109  130.85 98.695  147.96 98.732  

7.51 98.067  133.01 100.324  149.99 100.087  

N 6 6 6  6  

Mean  7.525  98.263  131.13 98.906  149.450  99.726  

SD  0.110  
 

1.645  
 

1.22   

% CV  1.46  1.255  2.80   

Robustness was checked by altering Buffer volume and column temperature deliberately. 

The results for the robustness obtained are depicted in Table 4.23 (b) and (c).   

TABLE 4.23(b) Robustness data for change in Buffer Volume (400 µL) 

Buffer Volume Change (400µL) 

 

Comparison LQC Robustness LQC Comparison HQC  Robustness HQC  

(7.658 ng/ml) (7.658 ng/ml) (149.86 ng/ml) (149.86ng/ml) 

Measured 

Conc. 

(ng/ml) 

% 

Accuracy 

Measured 

Conc. 

(ng/ml) 

% 

Accuracy 

Measured 

Conc. 

(ng/ml) 

% 

Accuracy 

Measured 

Conc. 

(ng/ml) 

% 

Accuracy 

7.56 98.720  7.52 98.198  147.57 98.472  145.23 96.910  

7.43 97.023  7.32 95.586  146.43 97.711  143.12 95.502  

7.61 99.373  7.56 98.720  148.23 98.912  145.59 97.151  

7.39 96.500  7.29 95.195  149.45 99.726  143.66 95.863  

7.55 98.590  7.45 97.284  145.56 97.131  141.1 94.155  

7.61 99.373  7.51 98.067  150.01 100.100  148.16 98.866  

N 6  6  6  6  

Mean 7.525  98.263  7.442  97.175  147.875  98.675  144.477  96.408  

SD 0.093  1.219  0.112  1.462  1.715  1.144  2.420  1.615  

%CV 1.240  1.240  1.505  1.505  1.160  1.160  1.675  1.675  
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TABLE 4.23 (c) Robustness data for change in Column Oven Temperature (42ºC) 

Column Oven Temperature (42⁰ C) 

 

Comparison LQC Robustness LQC Comparison HQC  Robustness HQC  

(7.658 ng/ml) (7.658 ng/ml) (149.86 ng/ml) (149.86 ng/ml) 

Measured 

Conc. 

% 

Accuracy 

Measured 

Conc. 

% 

Accuracy 

Measured 

Conc. 

% 

Accuracy 

Measured 

Conc. 

% 

Accuracy 

7.56 98.720  7.53 98.329  147.57 98.472  146.23 97.578  

7.43 97.023  7.39 96.500  146.43 97.711  144.99 96.750  

7.61 99.373  7.57 98.851  148.23 98.912  146.53 97.778  

7.39 96.500  7.31 95.456  149.45 99.726  145.63 97.177  

7.55 98.590  7.51 98.067  145.56 97.131  144.17 96.203  

7.61 99.373  7.54 98.459  150.01 100.100  148.53 99.113  

N 6  6  6  6  

Mean 7.525  98.263  7.475  97.610  147.875  98.675  146.013  97.433  

SD 0.093  1.219  0.102  1.331  1.715  1.144  1.499  1.000  

%CV 1.240  1.240  1.364  1.364  1.160  1.160  1.027  1.027  

 

System Suitability 

Prior to every validation parameter, system suitability was performed and the results 

obtained were within the acceptance criteria as the % CV for peak ratios was between 

0.03-0.66% as shown in the Table 4.24 (a), (b) and (c) as below. 

TABLE 4.24 (a) System suitability data for Estimation of CLN in rat plasma 

System Suitability 1 

Sr. no 
Analyte peak 

area 
IS Peak Area Area ratio Analyte RT IS Rt 

1 70112 4012 17.476  1.487 2.015 

2 70145 4016 17.466  1.486 2.019 

3 70165 4020 17.454  1.488 2.088 

4 70261 4019 17.482  1.482 2.055 

5 70116 4016 17.459  1.485 2.046 

Mean 70159.800  4016.600  17.467  1.486  2.045  

SD 60.603  3.130  0.012  0.002  0.030  

%CV 0.086  0.078  0.066  0.155  1.452  
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TABLE 4.24 (b) System suitability data for Estimation of CLN in rat plasma 

System Suitability 2 

Sr. no 
Analyte peak 

area 
IS Peak Area Area ratio Analyte RT IS Rt 

1 69855 3985 17.529  1.491 1.999 

2 70101 3978 17.622  1.49 2.001 

3 68956 3969 17.374  1.501 2.042 

4 69991 3971 17.626  1.483 1.992 

5 69855 3985 17.529  1.491 1.999 

Mean 69780.800  3980.800  17.529  1.491  2.006  

SD 469.308  12.931  0.104  0.006  0.020  

%CV 0.673  0.325  0.593  0.436  1.006  

 

TABLE 4.24 (c) System suitability data for Estimation of CLN in rat plasma 

System Suitability  3 

Sr. no 
Analyte peak 

area 
IS Peak Area Area ratio Analyte RT IS Rt 

1 68951 3995 17.259  1.501 2.065 

2 69755 4012 17.387  1.498 2.015 

3 69199 3987 17.356  1.484 2.054 

4 70021 4021 17.414  1.51 2.019 

5 69911 4012 17.425  1.499 2.027 

Mean 69567.400  4005.400  17.368  1.498  2.036  

SD 467.620  13.939  0.067  0.009  0.022  

%CV 0.672  0.348  0.383  0.624  1.092  

 

4.4 Conclusion 

For any research to be performed, first and foremost step is the authentication of the 

material to be used. Aim of this section of research work was to perform preformulation 

studies involving identification of drugs and also to establish analytical methods for 

estimation of both the drugs in different solvents and matrix.  
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The identification studies for LER and CLN were carried out before any practical work. 

Identification of drug was performed by physical evaluation and by FTIR study. The 

results obtained confirmed the purity of LER and CLN and were used for the formulation 

development. 

For analysis of content of LER and CLN, reported methods were used after preparing 

calibration curve in a suitable concentration range. From the literature and sink condition 

studies, 0.1 N HCl was used as a dissolution medium for LER, whereas for CLN 1% SLS 

solution was used as a dissolution medium. Calibration curve of LER was prepared in the 

range of 2.5-60 µg/mL for methanol and in the range of 2-20 µg/mL at 236 nm for 0.1 N 

HCl. Similarly calibration curve of CLN was prepared in the range of 3-18 µg/mL at 240 

nm for methanol and in the range of 2-20 µg/mL at 242 nm for 1% SLS.All the calibration 

curve showed regression coefficient r2 >0.99. 

For analysis of LER in rat plasma, a bioanalytical HPLC method with UV detection was 

developed and validated as per guidelines. The developed bioanalytical method for 

determination of LER in rat plasma using RP-HPLC was found to be simple, highly 

sensitive, rapid, specific, accurate and reproducible. The method meets validation criteria 

in accordance with USFDA guidelines. The simple and less cumbersome protein-

precipitation method adopted was efficient in extraction of LER from the plasma matrix of 

the rat. The developed method was successfully applied for preclinical pharmacokinetic 

studies for estimation of LER in rats. 

Owing to the low detectability and low plasma concentration of CLN, a HPLC-MS/MS 

technique was developed and validated according to guidelines. The developed method 

was  rapid, selective and highly sensitive with detection limit of 1 ng/mL. Also low amount 

of Plasma was required for the analysis over the wide range of 2-500 ng/mL. The analysis 

time was decreased to as low as 3 min. The validated method was successfully applied for 

preclinical pharmacokinetic studies involving estimation of CLN in rat plasma. 
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CHAPTER 5 

Dissolution Method for LER Tablets 

5.1 Introduction 

Dissolution test is considered as an important tool to evaluate performance of oral solid 

dosage forms as it is an important test to assess in vivo performance of the dosage form 

[1]. .In recent years, more stress is given to dissolution testing by pharmaceutical industries 

and regulatory authorities [2-6]. Dissolution tests can detect variation in lot-to-lot quality 

of a drug product during formulation stages and also after change in manufacturing process 

[2, 3].In vitro test is a valid criterion to predict bioequivalence variations and also confirms 

batch-to-batch variations of the product from same manufacturer. Dissolution test 

performed with discriminating dissolution medium in vibration free equipment and with a 

mild agitation can serve this purpose [7]. The drug can be absorbed and systemically 

circulated only if it is present in solution form. Release of lipid soluble drugs is rate 

limiting process for oral drug absorption. Hence, it is very challenging to develop an in 

vitro dissolution test for the drugs with limited solubility [8, 9]. The discriminating power 

of a dissolution method can be demonstrated by analysing the dissolution profiles under 

deliberate changes made in the method [10]. Once the product development stage is over, 

dissolution method is an important test to monitor regular quality of commercial batches of 

drug formulation which is the focus of all regulatory agencies worldwide [11, 12]. 

Developed dissolution methods are validated, in terms of specificity, accuracy, precision 

and robustness, to make sure that they are suitable for their intended use [13, 14].  

Lercanidipine hydrochloride (LER) is a new third generation calcium channel blocker 

belonging to 1,4- dihydropyridine class and blocks entry of calcium into L- type calcium 

channels of smooth muscles resulting in peripheral vasodilatation and reduction in blood 

pressure[15]. Chemically it is 2[(3, 3- diphenylpropyl) (methyl) amino]-1, 1-dimethylethyl 

methyl 2, 6- dimethyl-4- (3-nitrophenyl)-1, 4-dihydropyridine-3, 5- dicarboxylate 

hydrochloride [16]. 
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As per BCS classification, LER is a BCS Class II drug which is  freely soluble in methanol 

and practically insoluble in water having pKa of 6.83 [17,18]. Commercially it is available 

in tablet dosage forms having strength of 10 mg and 20 mg. LER is not official in any 

pharmacopeia and currently no quality control or discriminatory dissolution method is 

available for raw material and tablets [19]. 

The purpose of this study is to develop and validate a method of dissolution testing that can 

be used for routine quality control of LER tablets [and other dosage forms]. 

5.2 Experimental Work 

Lotensyl® 10 tablets (Batch No. HSR2259, Sun Pharmaceutical Industries Ltd.) containing 

10 mg of Lercanidipine were purchased from local market for the development and 

validation of dissolution method of LER tablets. 

5.2.1 Selection of wavelength maxima of LER in different media 

To evaluate wavelength maxima of Lercanidipine HCl, solution with the strength of 

10µg/mL in 0.1 N HCl, Acetate buffer pH 4.5 and Phosphate buffer pH 6.8 was prepared. 

The prepared solutions were scanned within range of 400 to 200 nm to obtain UV Scan. 

5.2.2 Determination of Solubility and sink condition for LER 

Dissolution medium for LER was selected based on its solubility. Solubility of drug was 

expressed as µg/mL and determined at 25 °C in different media. The sink conditions is 

maintained in the dissolution is confirmed when the volume of medium is atleast thrice 

than the volume required to form a saturated solution of drug substance [20](ref). 

Solubility of LER was determined in three different media 0.1 M HCl, Acetate buffer 

pH4.5 and Phosphate buffer pH 6.8. Excess amount of LER was added into conical flasks 

containing 25 mL of 0.1 M HCl, Acetate buffer pH4.5 and Phosphate buffer pH 6.8 

maintained at 37±0.5 ° C. The samples were subjected to sonication for 10 min and closed 

conical flasks were agitated for 24 h at 37± 0.5°C in an orbital shaker. After achieving 

equilibrium samples were filtered through a Whatman No. 41 filter and concentration of 

LER was measured at 236 nm by UV Spectrophotometer (UV-1800PC, Shimadzu, Japan). 

All measurements were done in replicates (n = 6). 
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5.2.3 Development of Dissolution method for LER tablets 

Lercanidipine HCL tablets are immediate release dosage formulation and 900 mL volume 

for dissolution medium was taken as volume for dissolution testing of the same. As per 

guidelines given by USP for immediate release dosage form [3], USP Type II Paddle 

apparatus was selected to carry out dissolution test of LER HCl tablets. Temperature of 

dissolution medium and volume of dissolution medium was selected 37± 0.5°C  and 900 

mL respectively based on USFDA dissolution database [19]. 

5.2.3.1 Preparation of Reagents 

Preparation of dissolution medium 

0.1 N HCl It was prepared by diluting 8.5 mL of concentrated hydrochloric acid to1000 

mL with water 

Acetate Buffer pH 4.5 It was prepared by dissolving 2.9 gm of sodium acetate and 14 mL 

of 2M acetic acid in 1000 mL of water 

Phosphate Buffer 6.8 It was prepared by mixing 112 mL of 0.2 M Sodium hydroxide and 

250 mL of 0.2 M Potassium dihydrogen phosphate and diluting upto 1000 mL with water. 

Preparation of standard solution 

Stock solution  

Accurately weighed Lercanidipine HCl equivalent to 100 mg of Lercanidipine was 

weighed and transferred to 100 mL volumetric flask. To this 20 mL of methanol was added 

and solution was sonicated till the drug was dissolved. To obtain stock solution of 

100µg/mL the solution was diluted up to the mark with methanol. 

Final Solution 

1 mL from stock solution of 100µg/mL was withdrawn and diluted to 10 mL with 

dissolution medium to obtain solution of 10µg/mL strength. 

Preparation of sample solution 

The sample solution was prepared by adding Lercanidipine HCL reference standard 

equivalent to 10 mg to a placebo and dissolving it in a beaker containing 900 mL of 0.1 N 
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HCl at  using 37.0±0.5 °C. Resulting solution was stirred at 75 rpm in a magnetic stirrer for 

1 h. Aliquots of 10 mL was withdrawn at the same time points  as that of dissolution 

test. The undiluted solution was analysed at 236 nm in UV-Vis Spectrophotometer. 

 5.2.4 Optimization of Dissolution method for LER tablets 

To establish the ideal experimental conditions, 0.1 M HCl, Acetate buffer pH 4.5 and 

Phosphate buffer pH 6.8 was used for dissolution of LER HCl. Dissolution test was 

developed and validated using multi station (n=6) USP dissolution apparatus by 

ELECTROLAB. The effect of different pH of dissolution medium and different rotation 

speed was evaluated. All tests were performed at 37± 0.5°C with 900 mL of dissolution 

medium. Sample aliquots were collected at 10, 20, 30, 40, 50 and 60 minutes, filtered 

through Whatman No. 41 filter and drug release was assayed using validated UV 

spectrophotometric method. The standard solution used for the dissolution tests was 

prepared with Lercanidipine equivalent to 10 mg. 

5.2.5 Validation of Dissolution method for LER tablets 

The developed in vitro dissolution method was validated using recent guidelines [21-23].  

To demonstrate reproducibility and reliability, the method was evaluated for specificity, 

linearity, accuracy and precision. 

Specificity 

Specificity of an analytical method is its ability to measure accurately and specifically the 

analyte of interest without interferences from blank and placebo. 

Evaluation of specificity was done using placebo samples consisting of all the excipients 

without active substance. The placebo samples were introduced in dissolution vessels 

(n=3) containing 900 mL of dissolution medium maintained at temp 37±0.5°C. The vessels 

were stirred at 75 rpm for 1 hour using paddle (USP apparatus 2). At the end of the test 10 

mL of the dissolution medium was withdrawn and filtered through whatman filter paper 

no. 41. Resulting solution was analysed at 236 nm using UV-Vis spectrophotometer. 
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Linearity 

The linearity of an analytical method is its ability to elicit test results that are directly, or by 

a well-defined mathematical transformation, proportional to the concentration of analyte in 

sample within a given working range. 

Aliquots of LER stock solution (100µg/mL) were diluted with Phosphate buffer pH 6.8, 

Acetate buffer pH 4.5 and 0.1 N HCl to obtain concentration of 2-20 µg/mL. Solutions 

were prepared in triplicate and linearity was calculated by least-square linear regression 

analysis. 

Acceptance criteria: 

The correlation coefficient value should not be less than 0.999 over the working range. 

Range 

The range of an analytical method is the interval between the upper and lower levels of 

analyte (including these levels) that can be determined with precision, accuracy and 

linearity using the developed method. The range is normally expressed in the same units as 

test results (e.g. percent, parts per million) obtained by the analytical method. 

Accuracy/precision 

The accuracy of an analytical method is the closeness of test results obtained by that 

method to the true value. The true value is that result which would be observed in the 

absence of error. Accuracy may often be expressed as percent recovery by assay of known, 

added amounts of analyte. Accuracy is a measure of the exactness of the analytical method 

that is true for all practical purposes. 

To evaluate accuracy of the dissolution method, recovery of known amounts of LER 

reference standard added to placebo was calculated. Stock solution of 1 mg/mL was 

prepared in methanol. From the stock solution aliquots of 4.5mL, 9mL and 13.5mL were 

added to 900 mL of dissolution medium in a dissolution vessel kept at 37±0.5°C (Final 

concentration of 5, 10 and 15µg/mL). The dissolution medium was stirred at 150 rpm for 

60 minutes.10 mL of aliquot was withdrawn, filtered through Whatman No. 41 filter paper 

and analysed at 236 nm by UV spectrophotometer. The experiment was repeated on three 

different days and recovery of the added drug substance (n=9) was determined. 

Same solutions as in accuracy studies were used to establish intraday and inter day 

precision which were calculated based on R.S.D. data of the results. 
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Acceptance criteria: 

Recovery at each level and mean recovery should be between 98.0-102.0 % and % RSD 

should not be more than 2.0 %. 

The precision will be established on the basis of %RSD which should not be more than 2% 

for all the six sets of the sample preparation. 

Robustness 

The robustness of an analytical procedure is a measure of its capacity to remain unaffected 

by small, but deliberate variations in method parameters and provides an indication of its 

reliability during normal usage.  

To access robustness of the method, parameters like analyst, equipment and laboratory 

were changed. The dissolution test of Lotensyl® 10 was carried out in 900 mL of 0.1 N 

HCl maintained at 37±0.5°C in USP type 2 apparatus at 100 rpm with two different 

instruments, with two different analysts in two different laboratories. The dissolution data 

thus obtained were compared with the initial data. 

Stability studies 

Solution stability is the stability of sample in solution form for specified period. 

Stability of solutions was evaluated in comparison with the standard solutions. Sample 

solutions were kept on shaker at 37±0.5°C for 1 hour and then kept at room temperature 

for 24 hours. Aliquots of sample solutions were evaluated in triplicate at 0, 1 and 24 hour 

time intervals using freshly prepared standard solution. 

Acceptance criteria:       

The difference in the initial drug release and that obtained after different time intervals 

should not be more than 2.0% absolute 

Filter Evaluation 

To ensure that filter removes insoluble excipients and does not adsorb any drug during its 

use, filter evaluation is necessary [2, 26]. A standard and sample solution were prepared in 

the 0.1 N HCl. The sample solution prepared as described in section 5.2.5.1was centrifuged 

at 3000 rpm. Centrifuged sample solution was filtered through Whatman No. 41 filter 

paper and unfiltered sample solution was treated as standard solutions and analysed at 236 

nm by spectrophotometry.  
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Acceptance criteria:       

The difference in the assay values of filtered and unfiltered standard and sample should not 

be more than 2.0%. 

5.2.6 Application of validated dissolution method to study release kinetic of LER 

tablets 

Release kinetics of the drug release from tablets were studied using four mathematical 

models named zero order, first order, Higuchi and Hixon –Crowell. Details of the 

mathematical models are as follows. 

Zero-order kinetics     𝑄𝑡 = 𝑄0 + 𝐾0 𝑡 

First-order kinetics log 𝑄𝑡 = log 𝑄0 +
𝐾1 𝑡

2.303
  

Higuchi model 𝑓𝑡 = 𝐾𝐻 𝑡2
1 

Hixson–Crowell model W0 
1/3 −Wt 1/3 = Ks t 

 

Where  

Qt = amount of drug dissolved in time t 

Q0 = initial amount of drug in the solution 

K0 and K1 = zero order and first order release constants, respectively 

ft = amount of drug released in time t by surface unity 

KH = Higuchi dissolution constant  

W0 = initial amount of drug in the pharmaceutical dosage form 

Wt = remaining amount of drug in the pharmaceutical dosage form at time t 

Ks = a constant incorporating the surface–volume relation. 

5.3 Results and Discussion 

5.3.1 Determination of Solubility and sink condition for Lercanidipine HCl 

LER showed pH dependent solubility with highest solubility achieved in 0.1 N HCl; this 

can be explained on the basis of pKa of LER which is 6.83 leading to complete ionisation 

of drug molecule at low pH of 0.1 N HCl. As the pH of the medium is increased the 

solubility of Lercanidipine was markedly decreased from 82.35 µg/mL in 0.1 N HCl to 

49.36 µg/mL in Acetate buffer pH 4.5 and finally reaching to as low as 10.30 µg/mL in 
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Phosphate buffer pH 6.8(Table 5.1). Above pH 6, solubility remains nearly constant. The 

solubility data thus obtained formed the basis for the selection of dissolution media and to 

assure sink conditions. 

TABLE 5.1 Saturation solubility of LER and sink conditions in different dissolution media * 

Medium  pH Average Absorbance   Solubility (µg/mL) * Cs/Cd 

0.1 N HCl 1.2 0.257  82.35±1.06 7.41 

Acetate Buffer  4 0.157  51±0.82 4.59 

Acetate Buffer  4.5 0.152  49.43±0.51 4.44 

Acetate Buffer  5 0.110 36.41±0.51 3.27 

Phosphate Buffer  6.2 0.037  13.56±0.13 1.22 

Phosphate Buffer  6.8 0.026  10.30±0.06 0.927 

Phosphate Buffer 7.0 0.025 9.85±0.14 0.88 

*Cs indicates saturation solubility of LER in 900 mL dissolution medium; Cd dose of LER in tablet 

formulation 

*Data expressed at Mean ± SD (n=3) 

5.3.2 Development of Dissolution method for LER tablets 

Dissolution method for LER tablets were performed with USP type II apparatus, taking 900 

mL of 0.1 N HCl as a dissolution medium and keeping rotation speed 75 rpm at 37±0.5 ° 

C. 

5.3.3 Optimization of Dissolution method for LER tablets 

For development of dissolution method the objective was set to achieve dissolution profile showing 

˂ 50% drug release in 15 minutes and ˃ 85% drug release in 30 min for immediate release dosage 

form of LER. Solubility of Lercanidipine HCl demonstrated significant change over pH region 1.2 

to 6.8, which suggests that dissolution of LER is dependent on the pH of the medium.  

For a formulation not official in monograph, it is recommended that dissolution profile 

should be compared in three different compositions of media within the pH range of 1-

7.5[24].   The effect of pH on the dissolution of Lercanidipine tablet was studied in 0.1 N 

HCl, Acetate buffer pH 4.5 and Phosphate buffer pH 6.8 using USP type 2 apparatus at 50 

rpm as shown in Fig. 5.1, which covers high, mid and low solubility regions.  

Dissolution process of disintegrating tablets can be best expressed by paddle apparatus as it 

has inherent advantages over rotating basket type apparatus [25]. LER tablets being 
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disintegrating in nature, all the dissolution tests were performed with paddle type 

apparatus. 

To study the effect of rotation speed of paddle, dissolution profiles were generated at 50, 

75 and 100 rpm [3]. 

 

FIGURE 5.1 Dissolution profiles of LER marketed tablets using paddle apparatus in 900 mL 

0.1 N HCl, Acetate buffer pH 4.5 and Phosphate buffer 6.8 at 50 rpm 

% Drug release of Lercanidipine in different pH dissolution medium supports the 

saturation solubility results, wherein the dissolution is incomplete and very slow at pH 6.8. 

At lower pH 4.5, fast and nearly complete release is obtained, however in 0.1 N HCl 

Lercanidipine shows gradual ascending and plateau shaped dissolution curve which 

confirms the distinct dissolution profile. 

TABLE 5.2 Cumulative Drug Release (% w/w) of LER Tablets in Phosphate Buffer pH 6.8 

Time (min) Release at 50 rpm* Release at 75 rpm* Release at 100 rpm* 

10 4.35±0.04 0.4±0.0004 1.05±0.020 

20 7.48±0.08 0.8±0.004 1.89±0.032 

30 8.99±0.12 0.82±0.009 3.154±0.053 

40 11.05±0.18 0.82±0.008 9.34±0.144 

50 16.10±0.30 2.51±0.029 12.28±0.124 

60 47.26±0.57 52.31±0.082 13.40±0.168 

          *Data expressed at Mean±SD (n=3) 

LER exhibits very low saturation solubility (Table 5.1) in Phosphate buffer pH 6.8 and in 

turn shows low Cs/Cd ratio (Where Cs is saturation solubility of Lercanidipine in 900 mL 

dissolution medium; Cd is 10 mg of LER in tablet formulation). As discussed by [26], low 

Cs/Cd ratio results in non-sink conditions which lead to slow rate of dissolution attributed 

by limited solubility of LER in Phosphate buffer pH 6.8(Table 5.2). The non-sink 
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condition in Phosphate buffer pH 6.8 is supported by drug release obtained at different rpm 

in Fig. 5.2 and Table 5.2.  

 

 

FIGURE 5.2 Dissolution profiles of LER marketed tablets using paddle apparatus Phosphate 

buffer pH 6.8 at 50, 75 and 100 rpm 

Release profile of Lercanidipine in Acetate Buffer pH 4.5 at the stirring speeds of 50 and 

100 rpm showed less than 85% release in 30 minutes (Fig. 5.3). Results thus obtained 

(Table 5.3) do not satisfy the minimum criteria for dissolution method set by USFDA [3]. 

At 75 rpm this criteria is satisfied but reproducible dissolution data is not obtained. 

Therefore use of Acetate buffer pH 4.5 as a dissolution medium is not advisable to develop 

a dissolution method that can be used for routine quality control test.  

 

TABLE 5.3 Cumulative Drug Release (% w/w) of LER Tablets in Acetate Buffer pH 4.5 

Time (min) Release at 50 rpm* Release at 75 rpm* Release at 100 rpm* 

10 42.59±0.43 66.27±0.90 47.58±0.92 

20 55.38±0.44 72.20±0.81 56.11±0.83 

30 57.11±0.83 88.52±0.81 66.19±0.86 

40 67.27±0.51 92.09±0.82 76.27±0.90 

50 67.5±0.81 92.03±0.81 81.11±0.83 

60 80.09±0.82 98.05±0.88 87.11±0.40 

        *Data expressed at Mean±SD (n=3) 

Dissolution profile obtained with 0.1 N HCl at 50, 75 and 100 rpm is shown in (Fig. 5.2). 

Table 5.1 depicts that three times greater sink condition for the dose level of 20 mg LER is 

maintained only with the 0.1 N HCl suggesting that the same media can be used across all 

dose levels for a given product. 
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FIGURE 5.3 Dissolution profiles of LER marketed tablets using paddle apparatus in 

Acetate buffer pH 4.5 at 50, 75 and 100 rpm 

From the dissolution profiles it is evident that, when 0.1 N HCl was employed as 

dissolution medium, slow and complete release of LER was observed. At different rotation 

speed of paddle, Lercanidipine showed distinct dissolution profile with gradual increase 

and then constant graph and less than 50 % release in 15 min. However at 50 and 75 rpm 

the release obtained at 30 min was 77 and 76 % respectively which does not meet the 

objective of more than 85% release at 30 min. Also release of Lercanidipine in 20 min at 

75 rpm is low than that of obtained at 50 rpm, this may be due to many factors such as  

inconsistent agitation of the dosage form, poor hydrodynamic achieved at this speed, tablet 

weight and tablet hardness. Dissolution profile obtained with 0.1 N HCl at 100 rpm shows 

˂ 50% drug release in 15 minutes and ˃ 85% drug release in 30 min. Dissolution release 

pattern of LER suggest that the extent of release reaches to plateau at about 80% with 50 

and 75 rpm agitation speed, whereas at 100 rpm, nearly complete dissolution of LER is 

achieved.  

 

TABLE 5.4 Cumulative Drug Release (% w/w) of LER Tablets in 0.1 N HCl 

Time (min) Release at 50 rpm* Release at 75 rpm* Release at 100 rpm* 

10 40.30±0.59 48±0.81 43.04±0.49 

20 60.49±0.83 66.12±0.83 86.15±1.13 

30 77.24±1.02 76.30±0.92 93.05±0.38 

40 78.14±0.84 78.32±0.93 94.37±0.29 

50 78.51±0.40 79.07±0.82 96.17±0.35 

60 79.31±0.93 80.03±0.81 97.83±0.64 

        *Data expressed at Mean±SD (n=3) 

 

0

20

40

60

80

100

120

0 20 40 60 80

C
u

m
u

la
ti

v
e 

D
ru

g
 R

el
e
a

se
 (

%
 

w
/w

)

Time (min)

Acetate Buffer pH 4.5

at 50 rpm

Acetate Buffer pH 4.5

at 75 rpm

Acetate Buffer pH 4.5

at 100 rpm



CHAPTER 5                                    DISSOLUTION METHOD FOR LER TABLETS 
 

 

 

Page 130 

   

 

FIGURE 5.4 Dissolution profiles of LER marketed tablets using paddle apparatus in 0.1 N 

HCl at 50, 75 and 100 rpm 

From the experiment conducted and results obtained, dissolution medium of 900 mL of 0.1 

N HCl at 37 ° C and paddle apparatus at 100 rpm was considered as the optimum 

dissolution condition for LER release. 

5.3.4 Validation of Dissolution method for LER tablets 

After selection of optimum dissolution test conditions, the dissolution method was 

validated [27, 28] 

Specificity 

UV spectrophotometric method is used for the analysis as LER has a chromophore group. 

[29].  

 

FIGURE 5.5 (i) UV scan of LER in dissolution medium (0.1 N HCl)  (ii) UV Scan of 

placebo in dissolution medium (0.1 N HCl) 
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Specificity of the method was evaluated by scanning the placebo samples with all the 

excipients without LER. The UV absorption scan of LER (Fig. 5.5) showed a peak at 236 

nm which was not obtained with placebo samples and thus no interference due to 

excipients used in the formulation was observed.  

 

Linearity 

The analytical method using 236 nm in UV spectrophotometer was found to be linear in the 

concentration range of 2-20 µg/mL with a slope of 0.0261 and Y intercept -0.0171. The 

correlation co-efficient was found to be 0.999. The result of regression analysis confirms 

that the relationship between concentration and response is linear (Fig. 5.6). As 

recommended the concentration range evaluated for the dissolution test includes±20% 

covering both lowest expected and highest expected concentrations (Table 5.5).  

TABLE 5.5 Results of Linearity of LER in 0.1 N HCl 

S.N. Concentration 

(µg/mL) 

Absorbance*  

1.  2 0.036±0.0006 

2.  4 0.088±0.0012 

3.  6 0.134±0.0019 

4.  8 0.204±0.0017 

5.  10 0.238±0.0041 

6.  12 0.295±0.0048 

7.  14 0.348±0.0035 

8.  16 0.400±0.0044 

9.  18 0.454±0.0065 

10.  20 0.508±0.0063 

Correlation coefficient 0.999 

Slope of Regression line 0.0261 

Y - intercept -0.0171 

  *Data expressed at Mean±SD (n=3) 
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FIGURE 5.6 Linearity Curve for LER in 0.1N HCl at 236 nm 

Accuracy/precision 

Accuracy of a method was assessed by performing recovery of known amount of drug 

reference standard added to the placebo. As recommended [4], recoveries ranging from 95 

% to 105 % are acceptable for dissolution tests. The percentage recoveries obtained for the 

dissolution method (Table 5.6) was found between 98.50 % and 103.72 %, which lies 

within the range and it shows that the dissolution method is accurate. To evaluate intra-day 

precision, three different concentration levels were analysed at different time intervals 

during a day. For intermediate precision, same solutions were analysed at different days. 

The results of precision study are depicted in Table 5.6, which confirms that the dissolution 

method shows good precision with R.S.D. lower than 2%. 

TABLE 5.6 Dissolution Test Accuracy and Precision Results for LER (n=3) 

Concentration 

added (µg/mL) 

Concentration found  

(µg/mL) * Recovery (%)* 

5 5.07±0.07 99.69 - 103.52 

10 9.99±0.17 98.50 - 102.33 

15 15.15±0.29 99.13 - 103.72 

Intraday Precision 

5 5.11 ±0.09 102.20 

10 9.88±0.15 98.80 

15 15.15±0.28 101 

Intermediate precision 

5  4.98±0.03 99.60 

10  9.92±0.09 99.20 

15 14.99±0.12 99.93 

                     *Data expressed at Mean±SD (n=3) 
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Robustness 

To study the robustness of method, analytical method was evaluated in different situation 

such as changing an analyst, changing an instrument and changing a laboratory. Any such 

change did not alter the response of the method beyond permissible limit of RSD 5% 

(Table 5.7). These results indicate that the method can withstand small and deliberate 

changes illustrating robustness of method employed. 

TABLE 5.7 Robustness of Dissolution Test with Change in Analyst, with Change in 

Equipment and with Change in Laboratory  

S. 

No. 
Time 

Average % Release* 

Analyst I Analyst II 
Instrument 

I 

Instrument 

II 

Laboratory 

I 

Laboratory 

II 

1 0 0 0 0 0 0 0 

2 10 43.04±0.25 43.29±0.81 42.94±0.39 43.39±0.70 42.74±0.31 43.59±0.54 

3 20 85.69±0.94 86.64±0.74 85.91±1.25 86.42±0.43 86.57±1.19 85.75±0.51 

4 30 94.73±0.86 91.96±0.81 93.84±0.86 92.85±2.00 94.05±1.19 92.64±1.72 

5 40 95.61±1.20 93.69±0.73 95.19±1.21 94.11±1.30 94.90±0.82 94.40±1.73 

6 50 96.96 ±0.79 95.47±0.85 96.84±0.80 95.59±1.01 96.55±0.44 95.88±1.42 

7 60 98.58±0.63 97.00±1.35 98.48±0.59 97.10±1.48 98.45±0.55 97.13±1.52 

  

average at 

60 min 

97.79±0.79 97.79±0.69 97.79±0.66 

  

%RSD at 60 

min 

0.80 0.69 0.67 

                                           *Data expressed at Mean±SD (n=3) 

 

Stability studies 

The stability of LER in dissolution medium was estimated by analysing reference and 

standard solutions at room temperature for 24 h. The study was performed in order to 

demonstrate stability of solutions over the entire period of dissolution profile determination 

and for extended time also. 
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TABLE 5.8 Stability study Data for LER (n=3) 

pH 
0 h concentration  

(µg/mL) 

24 h Conc. 

(µg/mL) 
% w/w of LER 

% 

difference 

with 0 h 

0.1 N HCl  1.2 82.35 81.56 99.04 0.96 

Acetate Buffer 4 51.00 48.36 94.80 5.18 

Acetate Buffer 4.5 49.43 48.63 98.38 1.63 

Acetate Buffer 5 36.41 34.86 95.74 4.28 

Phosphate Buffer  6.2 13.56 12.65 93.28 6.73 

Phosphate Buffer  6.8 10.30 10.15 98.54 1.48 

Phosphate Buffer  7 9.85 8.96 90.96 9.07 

                     *Data expressed at Mean±SD (n=3) 

The result of stability studies (Table 5.8) demonstrates that solution of LER is stable in the 

pH conditions studied for dissolution method development with 98.38 % to 99.04 %. 

Filter Evaluation 

The results from filter evaluation study shows that the difference of concentration of standard 

sample in 0.1 N HCl and centrifuged/filtered samples were within 98-102 % w/w. This indicates 

that the filter used did not absorb any of the drug and hence Whatman No. 41 filter paper shows 

stability and can be used for the dissolution test. 

5.3.5 Evaluation of Release Kinetics using Developed Dissolution Method 

Kinetics of drug release was evaluated using dissolution profile shown in Table 5.4. Result 

obtained for coefficient (R2) of variation is shown in Table 5.9. Values obtained demonstrate that 

the drug release from the LER follows first order release kinetics. First order release kinetics 

suggests that the process is directly proportional to concentrations of drug.  

TABLE 5.9 Result for regression coefficient of LER dissolution profile in 0.1 N HCl 

Mathematical Model R2 

Zero order kinetics 0.7178 

First order kinetics 0.9707 

Higuchi model 0.9092 

Hixson-Crowell model 0.8938 
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5.4 Conclusion 

The dissolution method is one of the important analytical tools to evaluate effect of any change that 

takes place in a drug product formulation or process. The dissolution test can also be effectively 

used to predict the in vivo behaviour of a drug product if proper in vitro/in vivo correlation is 

established. LER is not official in any pharmacopeia and hence no dissolution method is available 

for the same. Present study aimed at developing a valid dissolution method for LER to evaluate 

dissolution profiles. 

 

The dissolution profile obtained with different conditions, it was possible to establish dissolution 

test method for LER tablets. Final dissolution test parameters are listed in Table 5.10. 

 

TABLE 5.10 Final dissolution test parameters for Lercanidipine HCl tablets 

Parameters Optimized condition 

Apparatus USP Type-II, Paddle 

Dissolution Medium 0.1 N HCl  

Volume of Medium 900 mL 

Stirrer speed 100 rpm 

Temperature 37°C±0.5°C 

Sampling time Interval 10 minutes  

Sampling volume  10 mL 

UV detection 236 nm 

 

Validation of dissolution method was carried out as per USP and ICH guidelines and 

method was found to be specific, linear, accurate, precise and robust. Dissolution Method 

Validation parameters acceptance criteria and that obtained with the developed method are 

shown in Table 5.11. The system suitability test has been established and recorded. The 

validated method can be effectively utilized for the routine assessment of release profile of 

LER from its formulations.  
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TABLE 5.11 Summary of Dissolution Method Validation 

Characteristics Acceptance Criteria Results 

Specificity There should be no interference Specific 

Linearity Correlation coefficient r2 > 0.995 0.999 

Accuracy/trueness 
Recovery 95-105% (individual and Mean) 

RSD < 2% 

100.79 % 

1.8% 

Method precision(A) RSD < 2% 1.77% 

Intermediate Precision(B) RSD < 2% 0.86% 

Solution stability 
Difference in the % response of standard and 

sample preparation from initial value < 2% 

24 hours 

0.96 % 

Filter Equivalence 
Difference in the % response of centrifuged 

samples and filtered samples < 2% 
0.01 

Robustness 

Change in Analyst: < 2% 

Change in Instrument: < 2% 

Change in Laboratory: < 2% 

Meets 
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CHAPTER 6A 

Solid Dispersion of Lercanidipine Hydrochloride 

(LER) 

6A.1 Introduction 

BCS Class II drugs are the drugs having low water solubiliyity and high permeability. 

They suffer from poor bioavailability because of limited solubility. One of the challenging 

requests of drug development is to enhance the dissolution behavior of drugs that are 

sparingly soluble in water (BCS Class II) [1]. Dissolution of such drugs can be improved 

by improving solubility by preparing a formulation which allows faster drug dissolution as 

compared to its crystalline form [2]. Common method of improving bioavailability for the 

poorly soluble drugs is to prepare an amorphous formulation allowing faster drug 

dissolution in comparison to its corresponding crystalline form [3, 4]. Solid dispersions 

(SDs) are the dispersion of hydrophobic drugs in an inert hydrophilic carrier. SDs are 

prepared to improve the dissolution properties and bioavailability of slightly water-soluble 

drug molecules by dispersing them into an inert hydrophilic carrier [5-7]. The solid 

dispersion technology adds the probability to reduce the particle size of a drug to a 

molecular level and increased wettability. Also conversion of the drug’s crystalline state to 

the amorphous state can be advantageous as the dissolution of later does not need energy to 

break up the crystalline structure [8]. Solid dispersion (SD) is an applicable and cost 

effective system to elevate bioavailability of ineffectively water-soluble API. Additionally 

solid dispersion technique overcomes the limitations of previously used approaches to 

undergo scale up and commercialization [9]. 

Various hydrophilic polymers have been used to successfully increase the solubility of 

poorly soluble drugs. Many Scientists have worked with different polymers such as Avicel 

200 and Sylysia 350 [10, 11], TPGS 1000 and Eudragit E100 [12], polyethylene glycol 

6000 and Gelucire 44/14[13, 14], Solutol® HS15 and HPMC 2910 [15], HPMCAC [16] 
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for successive formulation of solid dispersion of sparingly soluble drugs. The extent of 

improvement in solubility and dissolution depends on many factors viz choice of polymer, 

drug: polymer ratio, method of preparation etc. 

Lercanidipine Hydrochloride (LER) belongs to BSC class II compound [17] and has low 

aqueous solubility, resulting in low dissolution and poor oral bioavailability. The objective 

of this work was to increase the solubility and ultimately dissolution of LER by dispersing 

it in the polymer matrix of PEG6000 in different ratios using different techniques. To study 

the effect of polymer, dissolution and solubility studies were carried out. Solid state 

characterisations of prepared solid dispersions were performed by differential scanning 

calorimetry (DSC).Drug- carrier interactions were studied by FT-IR spectroscopy, whereas 

X-ray diffraction of powder was done to demonstrate the crystal structure of the 

dispersions. 

6A.2 Experimental Work 

6A.2.1 Preliminary Studies 

Successful solid dispersion can be prepared if the choice of hydrophilic polymer is 

appropriate to give best result in terms of solubility enhancement, stability and the 

physicochemical properties. Also the ratio of Drug to Hydrophilic polymer plays an 

important role in extent of solubility enhancement. To screen the hydrophilic polymers 

giving best result for solubility enhancement, solid dispersions of LER were prepared with 

different polymers viz PVP K30, Mannitol, PEG4000 and PEG6000. The selections of 

initial polymers were done on the basis of literature review. Solid dispersions were 

prepared by solvent evaporation and melt technique. Drug Release and Solubility in water 

was measured for all the solid dispersion to select the hydrophilic polymer giving best 

results for solubility and dissolution enhancement. Details of solid dispersion prepared 

with different polymers are given in Table 6A.1. 
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TABLE 6A.1 Solid Dispersion Formulation of LER for Screening of Polymers 

Batch Code Polymer Drug : Polymer Ratio Preparation Technique 

SDPS1 
PVP K30 

 

1:1 

Solvent Evaporation SDPS2 1:3 

SDPS3 1:5 

SDMS1 

Mannitol 

1:1 

Solvent Evaporation SDMS2 1:2 

SDMS3 1:3 

SDMM1 1:1 

Melt Fusion SDMM2 1:2 

SDMM3 1:3 

SDP4S1 

PEG4000 

1:1 

Solvent Evaporation SDP4S2 1: 3 

SDP4S3 1:5 

SDP4M1 1:1 

Melt Fusion SDP4M2 1:3 

SDP4M3 1:5 

SDP6S1 

PEG6000 

1:1 

Solvent Evaporation SDP6S2 1:3 

SDP6S3 1:5 

SDP6M1 1:1 

Melt Fusion SDP6M2 1:3 

SDP6M3 1:5 

6A.2.1.1 Phase Solubility Study 

Phase solubility studies were performed by Higuchi and Connors’ method [18]. An excess 

quantity of LER was added in a 25 mL conical flask containing 0.5%, 1%, 1.5%, 2%, 

2.5%, 3% and 4%w/v PEG6000 in 20 mL distilled water. To avoid the loss of solvent, 

flasks were covered with cellophane membrane. Sealed flasks were then subjected to 

shaking at a rate of 100 agitations per minute in an orbital shaker at 37°C for 24 h. The 

sealed flasks were allowed to equilibrate and settle; 5 mL of supernatant was withdrawn 
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from each flask, filtered through Grade 1 Whatmann filter paper and evaluated by UV 

spectrophotometer at 236 nm. All the measurements were repeated for six times [19]. 

6A.2.1.2 Gibb’s Free Energy determination 

The Gibbs free energy of transfer (ΔG°tr) of LER from aqueous solution of carriers was 

calculated using the following equation:  

                     
  

  
 

Where,  

S0/Ss is the ratio of molar solubility of drug in aqueous solution of carrier to that in pure 

water [20]. 

6A.2.2 Preparation of Solid Dispersion of LER 

Solid dispersions of LER and PEG6000 in ratio of 1:3, 1:6 and 1:9 were prepared by 

solvent evaporation and melt fusion method.  

6A.2.2.1 Solvent Evaporation Method 

The calculated quantities of LER and PEG6000 were accurately weighed and dissolved in 

ethanol, sonicated and stirred for 1 hour over a magnetic stirrer. The ethanol was then 

evaporated under vacuum in a rotary flask evaporator at 60˚ C till the solid dispersion was 

completely dried. The dried mass was crushed, passed through 100# sieves and preserved 

in desiccators until use [21, 22]. A total of three batches (SF1 to SF3) were prepared by 

solvent evaporation method (Table 6A.2). 

6A.3.2.2 Melt Method 

Solid dispersions of LER with PEG6000 were prepared by melting the polymer at 60°C, 

succeeded by addition of required amount of drug. The molten polymer and drug were 

stirred and immediately cooled in an ice bath. The obtained solidified mass was crushed in 

mortar pestle and passed through sieve. The obtained solid dispersion was stored in the 
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desiccator [23]. A total of three batches (MF1 to MF3) by melt method were prepared 

(Table 6A.2). 

6A.2.2.3 Physical Mixtures 

Physical mixtures (PM) were obtained simply by blending the drug and polymer in 

required proportions using pestle in mortar. Resulting mixtures were passed through #100 

sieve avoiding abrasion and stored within sealed vials in desiccator until use (Table 6A.2). 

 

TABLE 6A.2 Details of LER solid dispersion prepared by different composition with 

different Drug: Polymer ratio 

FORMULATION CODE COMPOSITION 
METHOD OF 

PREPARATION 

F1 Drug: Polymer (1:3) in ethanol Solvent Evaporation 

F2 Drug: Polymer (1:6) in ethanol Solvent Evaporation 

F3 Drug: Polymer (1:9) in ethanol Solvent Evaporation 

F4 Drug: Polymer (1:3) Melt  Method 

F5 Drug: Polymer(1:6) Melt  Method 

F6 Drug: Polymer(1:9) Melt  Method 

F7 Drug: Polymer (1:3) Physical Mixture 

F8 Drug: Polymer(1:6) Physical Mixture 

F9 Drug: Polymer(1:9) Physical Mixture 

6A.2.3 Evaluation of Solid Dispersions 

6A.2.3.1 Theoretical Yield 

Theoretical yield of solid dispersions prepared by various methods was calculated from the 

weight of final product after drying and the initial total weight of drug and polymer taken 

for preparation of solid dispersion. % Theoretical Yield was calculated from following 

equation. 
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6A.2.3.2 Determination of LER in Solid Dispersion  

Solid Dispersions equivalent to 10 mg of LER was accurately weighed and transfer to 100 

mL volumetric flask. The solution was diluted up to the mark with methanol. Suitably 

diluted solution was measured Spectrophotometrically at 236 nm. 

6A.2.3.3 Saturation Solubility Study 

A surplus LER was introduced in 25 mL capacity conical flasks with 20 mL of distilled 

water, phosphate buffer pH 6.8 and 0.1 N HCl each. The samples were subjected to 

sonication for 10 min at 25±2°C and closed conical flasks were agitated for 24 h at 37± 

1°C in an orbital shaker. The flasks were equilibrated at 37°C for 24 h in an incubator. The 

content of flasks were allowed to settle down and the supernatant liquid was filtered 

through a Grade 1 Whatmann filter paper .The measurement of the LER present in filtrate 

was done at 236 nm by UV spectrophotometer (UV-1800PC, Shimadzu, Japan) [24]. 

Similarly saturation solubility was measured for physical mixtures and solid dispersions in 

distilled water. All measurements were performed in repetition (n=6). 

6A.2.3.4 In vitro Dissolution Study 

Dissolution of LER pure, solid dispersions and physical mixtures equivalent to 10 mg of 

LER was performed in 0.1 N HCl at 50 rpm using USP basket type (ELECTROLAB, 

Mumbai, India) at 37±0.5°C. At fixed time intervals for 60 min, 5 mL of dissolution 

medium was pipette out and filtered through Grade- 1 Whatmann filter paper. Filtered 

dissolution media was assayed spectrophotomerically at 236 nm to calculate the drug 

release. After each withdrawal, 5 mL of 0.1 N HCl was introduced to maintain the constant 

volume of dissolution media. Dissolution experiment was performed in triplicate [17]. 

The optimized solid dispersion with maximum drug release was compared with LER pure 

and marketed LER tablet (LER MKT)using validated dissolution method with 900 mL of 

0.1 N HCl at 100 rpm using USP type I apparatus at 37±0.5°C. 

 

6A.2.4 Solid State Characterization of Solid Dispersions 

Solid state studies were carried out for LER, PEG6000, physical mixture and optimized 

batch of solid dispersion. 
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6A.2.4.1 Fourier Transform Infrared (FTIR) spectroscopy 

FT-IR spectroscopy was carried out on an FTIR Spectrophotometer (Alpha, Bruker, 

Germany). The spectrum was reported between 4000–600 cm
−1

. The spectra obtained for 

drug, polymer, physical mixture and optimized solid dispersion were compared [25]. 

6A.2.4.2 Differential Scanning Calorimetry (DSC) 

The thermal behaviour of the samples were studied by Differential Scanning calorimeter 

(DSC-PYRIS-1, perkin elmer). DSC scan was carried out in an atmosphere of dry nitrogen 

within the measuring range of -2 mW to 20 mW. The samples were heated at a rate of 

10°C min
−1

 from room temperature to the melting point using reference of an empty 

aluminium pan [12]. 

6A.2.4.3 X-ray Diffraction (XRD) 

The X-ray diffraction pattern of selected batches of solid dispersion was carried out using 

X'Pert Model, Phillips to characterise the physical form of LER. The data was recorded at 

2θ within 0–90° of the range inside copper target tube of X-ray at the step size of 0.0500 

[15].  

6A.2.5 Stability Study and Photo stability Study 

To access the stability of prepared solid dispersion over storage, accelerated stability study 

was performed in accordance with ICH guidelines at 40º C/75% RH. Optimized solid 

dispersion was stored upto 6 months at the prescribed atmosphere. The samples were 

collected every 60days and were analysed for content and in vitro dissolution. 

The crystal structure of solid dispersion was confirmed by performing XRD studies of 

optimized solid dispersion after storage of 6 months. 

To evaluate photosensitivity of LER in the formulation, LER pure and optimized solid 

dispersion were subjected to sunlight and UV light both in solid state and solution state. 

The amount of drug remaining after periodical exposure was measured by HPLC method. 
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6A.3 Results and discussion 

6A.3.1 Preliminary Studies 

Preliminary studies for the selection of polymer was using four different polymers named 

Poly Vinyl Pyrrolidon K30 (PVP K30), Mannitol, Polly Ethylene Glycol 4000 (PEG4000) 

and Poly Ethylene Glycol 6000 (PEG6000). Two methods of preparation namely solvent 

evaporation and melt fusion were used to prepare solid dispersion in Drug:Polymer ratio of 

1:1, 1:3 and 1:5. The results of solubility in water and release at 60 min in 0.1 N HCl is 

depicted in Table 6A.3. 

 
TABLE 6A.3 Results of Preliminary Trials of Solid dispersions of LER 

 

Batch Code Polymer 

Drug : 

Polymer 

Ratio 

Preparation 

Technique 

Solubility* 

(mg/mL) 

Drug 

Release at 60 

min* 

LER - - - 0.051±0.001 37.26±0.43 

SDPS1 
PVP K30 

 

1:1 

Solvent Evaporation 

0.070±0.002 39.23±0.50 

SDPS2 1:3 0.093±0.001 48.74±0.45 

SDPS3 1:5 0.107±0.002 55.27±0.43 

SDMS1 

Mannitol 

1:1 

Solvent Evaporation 

0.085± 0.002 40.13±0.43 

SDMS2 1:3 0.097± 0.002 62.59±0.84 

SDMS3 1:5 0.109±0.001 74.36±1.3 

SDMM1 1:1 

Melt Fusion 

0.060±0.002 40.25±0.45 

SDMM2 1:3 0.115±0.001 51.36±0.64 

SDMM3 1:5 0.139±0.003 58.67±0.97 

SDP4S1 

PEG4000 

1:1 

Solvent Evaporation 

0.058±0.001 42.56±0.74 

SDP4S2 1:3 0.241±0.004 78.47±0.84 

SDP4S3 1:5 0.097±0.001 52.69±0.78 

SDP4M1 1:1 

Melt Fusion 

0.056±0.001 39.68±0.57 

SDP4M2 1:3 0.186±0.002 57.39±0.84 

SDP4M3 1:5 0.114±0.002 77.59±1.4 
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SDP6S1 

PEG6000 

1:1 

Solvent Evaporation 

0.0.045±0.001 10.26±0.14 

SDP6S2 1:3 0.064±0.005 12.34±0.19 

SDP6S3 1:5 0.096±0.002 90.53±1.05 

SDP6M1 1:1 

Melt Fusion 

0.015±0.0005 24.36±0.41 

SDP6M2 1:3 0.030±0.0030 29.57±0.45 

SDP6M3 1:5 0.048±0.0008 39.47±0.68 

*Data Expressed as Mean ± SD (n=3) 

 

 

 

FIGURE 6A.1 (a) Dissolution profile of Solid Dispersions prepared with PVPK30 

 

 

 

FIGURE 6A.1 (b) Dissolution profile of Solid Dispersions prepared with Mannitol 
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FIGURE 6A.1 (c) Dissolution profile of Solid Dispersions prepared with PEG4000 

 

 

FIGURE 6A.1 (d) Dissolution profile of Solid Dispersions prepared with PEG6000 

Fig. 6A.1 shows the dissolution profile of LER from solid dispersions containing different 

amounts of each of four hydrophilic polymers prepared by different techniques. All the 

solid dispersion showed better saturation solubility than the crystalline form of LER. 

However solid dispersion prepared with PEG6000 using melt technique in the ratio of 1:1 

failed to increase the saturation solubility of LER. Table 6A.3 also shows that the solubility 

of LER increase with increase in the polymer content of the solid dispersion. This perhaps 

because increase in the amount of hydrophilic polymer [26]. 

Fig. 6A.1 shows the dissolution profiles comparison of LER pure and solid dispersion 

prepared form each of the four polymers. From the Fig. 6A.1 (a), (b), (c) and (d) it can be 

concluded that PVP K30, Mannitol and PEG4000 showed better drug release at 30 minutes 

than the LER pure. It was seen that solid dispersion with PEG6000 showed not much 
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release of LER from the formulation at 60 minutes with ratio less than 1:5.  However 

SDP6S3 showed highest drug release amongst all the solid dispersion.  

 

 

FIGURE  6A.2 (a) Dissolution profiles of LER in 0.1 N HCl from solid dispersions prepared 

with different kinds of polymers in 1:1 ratio 

 

FIGURE 6A. 2 (b) Dissolution profiles of LER in 0.1 N HCl from solid dispersions prepared 

with different kinds of polymers in 1:3 ratio 

 

FIGURE 6A. 2 (c) Dissolution profiles of LER in 0.1 N HCl from solid dispersions prepared 

with different kinds of polymers in 1:5 
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Comparison of the solid dispersions prepared with different polymer at same weight ratio 

is shown in Fig. 6A.2 to select the amount of polymers that can be used for the preparation 

of solid dispersion. Fig. 6A.2 (a) shows that the release obtained with the solid dispersion 

prepared with different polymers at the Drug: Polymer ratio 1:1 is almost same as that of 

the obtained with LER pure. Fig. 6A.2 (b) and (c) shows increase in the dissolution of LER 

from the solid dispersion obtained with Drug: Polymer ration of 1:3 and1:5. Release of 

LER from PVPK30, Mannitol and PEG4000 was high with increase in the polymer 

amount. PEG6000 in solid dispersion resulted into low release of LER from the solid 

dispersion when the ratio was 1:1 and 1:3. However with ratio 1:5 drastic initial increase in 

drug release was obtained. The result obtained suggests that PEG4000 and PEG6000 can 

give better results for solubility and in turn dissolution enhancement of the LER. Hence, 

further studies were targeted for the preparation of solid dispersion with PEG4000 and 

PEG6000.  

 

FIGURE 6A.3 Processing difficulties of Solid dispersion prepared with PEG4000 

For final selection of hydrophilic polymer, solid dispersions were prepared with PEG4000 

and PEG6000 in different ratio. But the solid dispersion prepared by PEG4000 showed 

processing difficulties forming lumps and resulting in poor flow properties (Fig. 6A.3). As 

a result final studies for solubility and dissolution enhancement of LER were done using 

PEG6000 as a hydrophilic polymer. 

6A.3.2 Preparation and Evaluation of Solid Dispersions of LER 

Before actual preparation of solid dispersions, phase solubility study was performed to 

analyse the probability of solubility enhancement of LER in PEG6000. 
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6A.3.2.1 Phase solubility study 

Based on the results obtained from the preliminary studies, it was postulated that increase 

in the amount of PEG6000 in a solid dispersion can lead to further increase in the 

dissolution of LER. The effect of PEG6000 concentration on the solubility of LER in water 

at 37°C is depicted in Fig. 6A.4. Increase in the release of LER from polymer mixture is 

attributed to the surface activity whereby wetting effect lead to decrease in agglomeration 

and increase in surface area [27]. When polymer molecules come in contact with water, 

they get hydrated rapidly to form polymer solution and the hydration leads to increase in 

wettability of solid drug added to the polymer solution resulting in the local enhancement 

of solubility of LER at the diffusion layer. Increase in diffusion of drug to the medium 

shows increase in solubility of LER in presence of PEG6000 [28].The obtained phase 

solubility diagram shows the formation of a soluble complex. At concentrations of 4% w/v 

PEG6000, the solubility of LER was increased by 8.4 fold. The enhancement in solubility 

is the result of presence of soluble complexes. 

 

FIGURE 6A.4 Phase solubility study diagram of LER with PEG6000 

6A.3.2.2 Gibbs-free energy (ΔG°tr) Determination 

Gibbs-free energy is the indication of transfer of LER to aqueous solution of PEG6000. 

The obtained value of Gibb’s free energy and stability constant is shown in Table 6A.4. 

Gibb’s free energy is found to be negative for all the concentrations of PEG6000. 

Moreover, decrease in Gibb’s free energy is observed as the concentration of PEG6000 is 

increased. All the observations collectively suggest that the reaction with PEG6000 is 

favourable for solubilisation of LER and reaction becomes more favourable as the 

concentration of PEG6000 was increased [20]. 
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TABLE 6A.4 Phase solubility and ΔG°tr of LER at different concentrations of PEG6000* 

Concentration of Polymer 

(% w/v) 

Solubility of  LER* (mg/mL) Δ G°tr ( J K
-1

 mol 
-1

) 

0.5 0.0976±0.002 -1673.13 

1 0.220±0.004 -3777.02 

2 0.246±0.004 -4059.34 

3 0.313±0.006 -4679.18 

4 0.439±0.005 -5552.12 

Stability Constant (mL
-1

mol) 1245.42 

R
2
 0.948 

Type of curve AL 

 *Data expressed at Mean ± SD (n=3) 

6A.3.2.3 Saturation Solubility Measurements 

The result of solubility measurement at saturation level for LER in various solvents is 

shown in Table 6A.5. The LER solubility in water (37°±1°C) is 0.051±0.0023 mg/mL. The 

solubility values of LER in phosphate buffer pH 6.8 and 0.1 N HCl were observed to be 

around 0.00329±0.0003 mg/mL and 0.123 ±0.03 mg/mL respectively. The solubility of 

prepared solid dispersions and physical mixtures are shown in Table 6A.5. Solubility 

results depicts that solubility of LER was increased with the Drug: polymer ratio of 1:6. 

Below and above this ratio, solubility of LER did not show any appreciable increase.  

TABLE 6A.5 Saturation solubility data of LER solid dispersions and physical mixtures with 

PEG6000 

S.N. Formulation
#
 Solubility in mg/mL* 

1.  F1 0.065±0.0006 

2.  F2 0.330±0.0172 

3.  F3 0.113±0.0121 

4.  F4 0.029±0.0101 

5.  F5 0.153±0.0153 

6.  F6 0.051±0.0032 

7.  F7 0.007±0.0014 

8.  F8 0.009±0.0076 

9.  F9 0.027±0.0070 
         *Data expressed at Mean ± SD (n=3), 

# 
Refer Table 6A.2 for Composition of formulation  
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6A.3.2.4 In vitro Dissolution Study of Solid Dispersions Prepared with PEG6000 

Dissolution profiles of LER, physical mixtures and solid dispersions with PEG6000 over a 

period of 60 min at 50 rpm in 0.1 N HCl are depicted in Fig. 6A.5. The values of 

dissolution release of the same formulations are shown in Table 6A.6. It is clearly observed 

that the rate of dissolution of LER pure is only 37.40% in 60 min. whereas; solid 

dispersions of LER with PEG6000 significantly enhanced the dissolution rate of LER (43-

96%) within 60 min as compared to LER pure and physical mixtures (30.05%).  

 

FIGURE 6A.5 Dissolution Profile of LER, Physical Mixtures and Solid Dispersions obtained 

with PEG6000 in 0.1 N HCl at 75 rpm 

 

Effect of concentration of polymer played a vital role in the increase in dissolution of LER. 

As seen from the Fig. 6A.5, increase in the amount of PEG6000 lead to increase in the 

release. For both type of solid dispersion prepared by solvent evaporation and melt fusion, 

higher drug release was achieved at 30 min compared to LER pure. However, the solid 

dispersion prepared by solvent evaporation method showed decline in the drug release 

when drug to polymer ration was changed from 1:6 to 1:9. This may be because of the firm 

adsorption of the drug on PEG6000, which hinders the dissolution of the drug [10]. In melt 

fusion technique, dissolution was increased in all the solid dispersions but the extent of 

release was not as high as F2 formulation. 

This concludes that the method of preparation of solid dispersion also played a major role 
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in increasing the dissolution of the LER from polymer matrix. Solid dispersion with better 

properties can be obtained with the solvent evaporation technique. This can be due to many 

reasons such as incomplete miscibility of drug in highly viscous molten state of the PEG 

6000 [29] and /or degradation of LER at melting temperature of PEG6000 [30].Highest 

improvement was seen in solvent evaporated solid dispersion in the drug to polymer ratio 

of 1:6.  

TABLE 6A.6 Cumulative Drug Release of LER from Solid Dispersions prepared with 

PEG6000 

Time  

 

Formulation 

Cumulative Drug Release (% w/w)* 

 

15  30  45  60  

F1 6.10±0.09 8.82±0.15 10.82±0.09 12.34±0.19 

F2 63.29±0.63 86.89±1.10 92.37±1.10 96.73±1.26 

F3 82.34±1.04 83.68±1.05 86.94±1.02 89.59±1.05 

F4 3.60±0.04 19.05±0.20 23.53±0.41 29.57±0.41 

F5 20.21±0.22 31.33±0.33 32.01±0.50 39.38±0.45 

F6 39.46±0.76 43.06±0.51 52.36±0.67 57.07±1.03 

F7 10.62±0.19 12.74±0.25 12.91±0.14 35.79±0.25 

F8 14.89±0.22 17.12±0.57 19.55±0.34 30.06±0.45 

F9 17.74±0.21 18.10±0.32 20.36±0.27 36.05±0.43 

LER pure 28.2±0.24 36.45±0.61 37.40±0.37 37.21±0.43 

LER TAB 40.06±0.65 70.33±0.81 75.66±0.81 80.33±0.84 

    *Data expressed at Mean ± SD (n=3) 

 

The dissolution increase of LER and PEG6000 solid dispersion is attributed to several 

factors. The factors playing major role are decrease in crystallinity (or increase in 

amorphous structure), solubilisation property of PEG6000, absence of aggregation of drug 

crystallite, increased wettability and dispersibility of LER in PEG6000,reduction of 

interfacial tension, particle size reduction and improved polymer surface adsorption by 

drug molecules[13]. This in turn confirms the formation of surface solid dispersion. 
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FIGURE 6A.6 Dissolution profile of Optimized Solid Dispersion (F2), LER pure and LER 

marketed tablet in 0.1 N HCl at 100 rpm 

Final comparison of optimized solid dispersion was carried out with LER pure and LER 

marketed tablet using validated dissolution test procedure. The result of comparison is 

shown in Fig. 6A.6. Corresponding data for the same is depicted in Table 6A.7. The table 

also shows mean dissolution time (MDT) and dissolution efficiency (DE). 

MDT obtained for optimized solid dispersion F2  is lowest indicating that rapid release of 

LER is obtained from solid dispersion as compared to LER marketed tablet (MDT-13.64 

min) and LER pure (MDT – 13.74 min). Also the Dissolution Efficiency of Solid 

dispersion was found to be 63.12 % which is higher than LER pure (28.52 %) and LER 

marketed tablet (46.92 %). Dissolution Efficiency thus obtained indicates that all the three 

dissolution profiles are different and the same is supported by calculation of similarity 

factor (f2) in model independent method which is not within 50-100 (Table 6A.8). 

TABLE 6A.7 In vitro release data of F2, LER MKT and LER pure in 0.1 N HCl at 100 rpm 

Time (min) F2 * LER MKT * LER Pure * 

0 0 0 0 

5 45.36±0.78 28.36±0.48 22.36±0.42 

15 67.72±0.84 44±0.71 31.1±0.37 

30 94.26 ±1.22 86±0.57 47.35±0.83 

45 97.28±1.79 92.51±1.08 55.39±0.81 

60 98.34±1.29 94.01±1.23 58.27±0.91 

MDT (min) 9.86 13.64 13.74 

DE30 (%) 63.12 46.92 28.52 

*Data expressed at Mean ± SD (n=3) 
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TABLE 6A.8 Comparison of Dissolution profiles of optimized solid dispersion with LER 

MKT and LER pure 

Comparison Similarity Factor Dissolution Profile 

LER Pure and F2 22.91 Dissimilar 

Marketed tablet formulation and F2 44.98 Dissimilar 

6A.3.3 Solid state characterization study 

From solubility and in vitro dissolution studies, solvent evaporated solid dispersion of drug 

and polymer in ratio 1:6 was selected as an optimized solid dispersion (PEG6000 SD). 

Further solid state characterization was performed on the optimized solid dispersion in 

comparison with physical mixture of drug with PEG6000 (PEG6000 PM) in same ratio.  

6A.3.3.1 Fourier Transform Infrared Spectroscopy 

LER has both proton donor and acceptor site which contributes in formation of H-bond. 

Similarly PEG6000 has capacity to donate or accept a proton via hydroxyl group and 

oxygen of ether groups [31]. 

In physical mixture of LER and PEG6000, presence of drug was confirmed by the 

appearance of peaks of corresponding to N–H at 3202.68 cm
−1

, 3085.20 cm
−1

 and C=O 

stretching at 1680.69 cm
-1

. While the FTIR spectra of solid dispersion with the same ratio 

showed a single peak due to C=O stretching of LER at 1695 cm
-1

. The FTIR studies prove 

that change in vibrational stretching takes place within the solid dispersions. FTIR 

spectrum of Solid Dispersion showed absence of characteristic peaks of LER which is 

attributed to the formation of solid solutions of the drug within PEG6000 matrix. 

The FTIR studies exhibit compelling evidences of change in the vibrational stretching 

within the different dispersions. The missing distinctive peaks, for instance, between pure 

LER and LER in dispersions are attributed to the dispersion of the drug in the polymer 

Cavity [32].  
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FIGURE 6A.7 FTIR spectra of (a) LER pure (b) PEG 6000 (c) Physical mixture of LER: 

PEG 6000 (1:6) and (d) Optimized Solid Dispersion (F2) 
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6A.3.3.2 Differential Scanning Calorimetry  

The Differential Scanning Calorimetric (DSC) thermogram of LER, Physical mixture and 

optimized solid dispersion are shown in Fig. 6A.8. The thermal behaviour of all the 

components in terms of peak point, peak height, peak area and heat of fusion is given in 

Table 6A.9. In DSC thermo gram of LER, a sharp endothermic peak is observed at 

178.35°C analogues to its melting point. Whereas in thermo graph of solid dispersion and 

physical mixture, a peak corresponding to LER is absent. This suggests that a complete 

solution of LER has formed within the PEG6000 and conversion of physicals state of LER 

form crystalline to amorphous [13, 31].  

Solid dispersions showed almost the same thermal behaviour as their physical mixtures of 

the same composition except the slight change in PEG6000 melting. This change involved 

the small shoulder appearing before the melting point of PEG6000. Also the onset of peak 

is shifted from 59.74°C to 58.21°C which might be the result of dispersion of drug into 

PEG6000 or residual moisture effect. Also as the literature suggests, PEG6000 exists in 

extended or folded form, the folded form of which gives rise to shoulder effect before the 

melting of extended form [33].  

 

TABLE 6A.9 Thermal behaviour of DSC Thermogram of LER pure, PEG6000, Physical 

Mixture and Optimized Solid dispersion (F2) 

System Peak point  

°C 

Peak height 

(mW) 

Peak area (mJ) Heat of 

fusion  (J/g) 

LER pure 178.35 4.1373 189.493 73.56 

PEG6000 PM (1:6) 62.39 21.91 388.439 152.5683 

PEG6000 SD (1:6) 62.25 11.53 86.278 33.62 
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FIGURE 6A.8 DSC thermogram of (a) LER pure (b) Physical mixture (c) Optimized Solid 

Dispersion (F2) 

6A.3.3.3 X Ray Diffraction 

The XRD scan of LER pure, PEG6000, solid dispersions and physical mixtures are shown 

in Fig. 6A.9. The XRD behaviour of LER pure illustrated strong and sharp peaks at 

diffraction angle (2θ) of 7.0, 18.9, 23.1 and 24.9 outlining well defined crystal structure; 

Similarly PEG6000 showed two sharp peaks with the highest intensity at 2θ of 19.15 and 

23.35. Solid dispersion in XRD pattern shows various peak but not at the diffraction angle 
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of LER pure.  

 

FIGURE 6A.9 Powdered X Ray diffraction patterns of (a) LER pure (b) PEG 6000 (c) 

Optimized Solid Dispersion (F2) 

The complete disappearance of the melting peak in DSC supports this finding suggesting 

that no crystal form of LER exists in the Solid dispersion prepared by solvent evaporation 

technique and with the Drug: Polymer ratio of 1:6. Decrease in the drug release in the solid 

dispersion prepared with the Drug:Polymer ratio of 1:9 might be due to altered crystalline 

behaviour of LER in solid dispersion with higher amount of PEG6000. The XRD studies 

confirm that upon preparation solid dispersion crystal behaviour or LER is lost and it is 

present in amorphous form which increased its solubility and dissolution [2, 13, 34]. 

6A.3.4 Stability and photostability study 

Based on the result obtained for solubility and in vitro dissolution, solid dispersion 

prepared with PEG6000 in the ratio of 1:6 by freeze drying technique was selected as 

(a) (a) 

(b) (b) 

(c) (c) 
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optimized and subjected to stability study. The % drug content and % cumulative drug 

release obtained after storage at 40º C /75% RH is shown in Table 6A.10 and profile for 

the same is depicted in Fig. 6A.10. 

TABLE 6A.10 Drug content and in vitro dissolution stability data of optimized solid 

dispersion after storage at 40º C /75% RH 

Time (min) 
Cumulative Drug Release* 

Initial 60 days 120 days 180 days 

5 45.36±0.78 44.69±1.21 43.65±1.58 41.78±1.87 

15 67.72±0.84 66.89±1.14 65.62±2.15 63.40±2.69 

30 94.26 ±1.22 92.81±0.97 91.25±1.97 90.10±3.64 

45 97.28±1.79 95.62±1.25 93.12±1.34 93.02±4.21 

60 98.34±1.29 96.36±1.87 94.75±2.5 91.37±4.44 

Similarity factor 

between initial release 

and release after 

stability 

- 
94.46 

Similar 

76.95 

Similar 

67.15 

Similar 

Drug Content (%w/w) 98.6±0.5 98.4±0.7 97.7±1.2 97.10±0.9 

                               *Data expressed at Mean ± SD (n=3) 

 

 

FIGURE 6A.10 Dissolution profile of optimized solid dispersion after stability study 

Drug content of solid dispersion was found to be in range of 97.10 to 98.4 after storage. 

Drug release after storage is also unaltered after storage. Similarity factor for all the 

duration studied for stability was in the range 50-100 indicating that the drug release 

pattern after stability is similar to the initial release. The results obtained for stability study 

indicates that the solid dispersion produced is stable for six months. 
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The solid dispersion of Lercanidipine hydrochloride prepared by solvent evaporation using 

PEG6000 in ratio of 1:6 has influence on the crystallinity of the drug. As a result of 

molecular dispersion of Lercanidipine hydrochloride in the PEG6000, the crystalline form 

of Lercanidipine hydrochloride is converted to its less crystalline form as supported by 

references [35-37]. Literature suggests that upon storage of the solid dispersion prepared 

with PEG6000, slight increase in crystallinity can be observed [38]. However, the 

crystalline form of optimized solid dispersion is not altered upon storage of 6 months as 

indicated by XRD pattern obtained for the same (Fig 6A.10). The XRD pattern obtained after 

storage of 6 month is same as that obtained of freshly prepared solid dispersion suggesting that the 

crystalline form of Lercanidipine hydrochloride is not changed and hence no change in 

physicochemical properties is observed upon storage. 

 

 

FIGURE 6A.11 Powdered X Ray diffraction patterns of Optimized solid dispersion of LER 

and PEG6000 (a) at zero time (b) after storage of 6 months 

 

Photostability studies depicted major effect of UV light on solid state of LER and its 

formulation while solution state was more sensitive to sunlight. Results of photostability 

confirmed the reported photostability issue of LER and hence all the experiments were 

conducted in the amber colored glass apparatus. 

 

(a) (a) 

(b) (b) 
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6A.4 Conclusion 

The results obtained from present study projects that solid dispersion of LER can 

successfully be prepared with the PEG6000 in the ratio of 1:6 using solvent evaporation 

technique. The solid dispersion can be administered 70-140 mg/day once daily equivalent 

to 10-20 mg/day of Lercanidipine for effective antihypertensive effect. The prepared solid 

dispersion exhibited 94 % drug release at 30 minutes which is higher than both LER pure 

and LER MKT. Better dissolution characteristic of solid dispersion was confirmed by 9.86 

min MDT and 63.12 %DE30 which is higher than that of LER MKT (13.64 MDT, 46.92 % 

DE30) Solid state characterization revealed that enhancement of dissolution is the result of 

conversion of crystalline form of LER to less crystalline and/or amorphous form. As the 

nature of PEG6000 is sticky, compression of solid dispersion to tablet was avoided and 

optimized formulation equivalent to 10 mg of LER was filled in capsule shells for 

administration and in vitro dissolution studies. From all these it can be concluded that this 

can serve as a successful and easy approach for the increase in onset of action of drug after 

administration and facilitates treatment of cardiovascular diseases. Moreover, the scale-up 

of this formulation would be easy and can be extrapolated to commercialization. 

Various methods of preparation of solid dispersion have been successfully used in 

commercial production [39]. The optimized solid dispersion of LER is prepared by solvent 

evaporation techniques using rotary evaporator. The solvent can be evaporated on large 

scale using freeze dryer, which can be used for the industrial preparation of solid 

dispersion.  
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CHAPTER 6B 

Inclusion Complexation of Lercanidipine 

Hydrochloride (LER) 

6B.1 Introduction 

Cyclodextrins (CDs) are a group of cyclic oligosaccharides compounds made up of 

glucopyranose units which are linked by (α-1, 4) linkage and obtained after enzymatic 

action on starch molecule. Cyclodextrins are having unique molecular structure in which 

they are having skeletal carbons and ethereal oxygens of glucose reside in the inner side 

[1-3].This characteristic structure produces a lipophilic environment and exterior structure 

of Cyclodextrin is made up of hydroxyl groups which confer hydrophilicity. Hence central 

cavity provides a hydrophobic environment in which a drug molecule can enter to form 

complex and hydrophilic exterior which impart water solubility to the complex formed [4]. 

Structurally cyclodexrin exists in a cone shape having narrow and wide rims, this cavity is 

a structure in which guest molecules/drug enters and forms inclusion complex with non-

covalent interactions such as hydrophobic interaction, electronic effects, Van Der Waals 

forces and steric factors [5-7]. Effective Inclusion Complex formation between 

Cyclodextrin and guest/drug molecule alters the physicochemical properties such as 

stability, solubility, dissolution rate and pharmacodynamics properties such as drug 

bioavailability of guest/drug molecules [8-10]. Inclusion complexes can be formed using 

various techniques such as physical mixing, kneading, spray drying, freeze drying, co 

precipitation and solvent evaporation methods [11, 12]. Method of preparation of inclusion 

complex has a prominent effect on efficiency of complexion and thus on the effect of the 

drug in complex form [13]. As such there is no any ideal method available to form CD-

Drug inclusion complexes, however based on the guest and host characteristics, suitable 

method and best experimental conditions can be identified in order to achieve the goal of 

Cyclodextrin complexation [14]. 
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LER being BCS Class II drug and having only 10% or oral bioavailability is a good 

candidate to form inclusion complex with Cyclodextrin [15, 16].  

 

FIGURE 6B.1 Structure of (a) β- Cyclodextrin (b) LER (c) Hydroxy Propyl β-cyclodextrin 

The objective of present study is to study the interaction of LER (LER) and Cyclodextrins 

(CDs) in terms of formation on inclusion complex. From the various CDs derivatives, β 

Cyclodextrin (βCD) and Hydroxy Propyl β Cyclodextrin (HPβCD) were selected CDs for 

formation of inclusion complex. The LER/ CDs (βCD and HPβCD) inclusion complexes 

were prepared by two different methods namely kneading method and freeze drying 

method. Phase solubility was carried out to calculate stability constant and to know the 

inclusion stoichiometry of complexes. Saturation solubility and dissolution profile was 

obtained for all products and based on the results obtained, optimized inclusion complex 

was identified. The formation and conformation of the inclusion complex in the optimized 

inclusion complex was studied in detail by fourier-transform infrared spectroscopy (FT-

IR), powder X-ray diffractometry (PXRD) and Proton nuclear magnetic resonance (NMR). 

Results obtained from this study showed promising approach to obtain the LER inclusion 

complex with high water solubility, higher dissolution properties and in turn better 

bioavailability. 
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6B.2 Experimental Work 

6B.2.1 Preliminary Studies 

6B.2.1.1 Phase Solubility Study 

Higuchi and Connors’ method was used to carry out phase solubility studies [17]. 

Solutions with
 
various concentrations of βCD (0-30.86 mM) and HPβCD (0-23.97 mM) in 

50 mL water containing excess amount of LER (100 mg) were prepared. The resulting 

dispersions were mixed by vortex mixture and kept on rotary flask shaker for 72 hours at 

RT. Once equilibrium was achieved, samples were filtered using 0.45 µ Cellulose Acetate 

membrane filter. Filtered solution was diluted appropriately and amount of dissolved LER 

was measured at 236 nm using a UV–Visible dual-beam spectrophotometer with 1 cm 

quartz cuvette. Solubility studies were performed in triplicate. 

Stability constant Ks were obtained from following equation. To calculate Ks, initial 

straight portion of phase solubility curve was considered [18]. 

   
     

            
 

Where  

Ks = Stability constant 

Slope is the slope of phase solubility diagram 

S0 = solubility of LER in water without Cyclodextrin 

6B.2.1.2 Gibb’s Free Energy Determination 

Gibb’s free energy was determined with the same method depicted in section 6A.3.1.2 

6B.2.2 Preparation of Inclusion Complexes 

Inclusion complexes of LER with CDs were prepared in different molar ratio of drug to 

CDs. The molar ratios were decided on the basis of phase solubility studies. Two methods 

namely kneading and freeze drying were used to prepare inclusion complexes with 

different molar ratios (Table 6B.1). 
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TABLE 6B.1 Composition and coding of Inclusion complexes of LER with βCD and HPβCD 

Formulation 

code 
CD used 

Method of 

preparation 
Molar Ratio 

BCDK1 

β Cyclodextrin (βCD) 

Kneading 

1:1 

BCDK2 1:1.5 

BCDK3 1:2 

BCDF1 

Freeze drying 

1:1 

BCDF2 1:1.5 

BCDF3 1:2 

BCDPM1 

Physical Mixture 

1:1 

BCDPM2 1:1.5 

BCDPM3 1:2 

HPBCDK1 

Hydroxy Propyl β Cyclodextrin 

(HPβCD) 

Kneading 

1:1 

HPBCDK2 1:1.5 

HPBCDK3 1:2 

HPBCDF1 

Freeze drying 

1:1 

HPBCDF2 1:1.5 

HPBCDF3 1:2 

HPBCDPM1 

Physical Mixture 

1:1 

HPBCDPM2 1:1.5 

HPBCDPM3 1:2 

6B.2.2.1 Physical Mixture 

To prepare a physical mixture, LER and CDs were weighed accurately, sieved through 65# 

sieve and mixed uniformly by adding LER slowly into CDs in a mortar with slow but 

continuous trituration. Resulting mass was then passed through 65 # sieve and stored in an 

amber colored vial [4, 19]. 
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6B.2.2.2 Kneading Method  

The amounts of CDs and LER for complex preparation were calculated on molar ratio 

basis. Accurately weighed amount of βCD and LER were transferred to a glass mortar 

pestle followed by trituration with small volume of ethanol-water (1:1 v/v). Resulted slurry 

was kneaded uniformly for 45 minutes. Obtained paste was dried under vacuum at room 

temperature Dried mass thus obtained was grounded in mortar, passed through sieve no. 

100 and stored in amber coloured vials for further characterization. 

HPβCD complex of LER were prepared by transferring accurately weighed amount of 

LER and HPβCD to mortar with few mL of ethanol. Resulting mixture was kneaded for 60 

min. After trituration, obtained mass was stored in a vacuum desiccator for 48 h at room 

temperature. The dried mas was weighed, sieved through sieve no. 100 and stored in 

desiccator in amber colored vials for further characterization [20].  

6B.2.2.3 Freeze Drying Method 

Calculated amounts of CDs and LER were accurately weighed dissolved in water and 

ethanol respectively. Resulting solutions were mixed and magnetically stirred for 10 hours 

at RT protected from light. Obtained solution was filtered through 0.45 µ membrane filter 

and stored at - 20° C followed freeze drying in a freeze dryer for 24 hours [21].  

6B.2.3 Evaluation of Inclusion Complexes 

6B.2.3.1 Determination of LER in Inclusion Complexes 

Physical mixture and inclusion complexes equivalent to 10 mg of LER was calculated and 

procedure was followed as given section 6A.2.3.2 for determination of Content. 

6B.2.3.2 Saturation Solubility studies 

Saturation solubility was measured using same method as described in section 6A.2.3.3 
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6B.2.3.3 In vitro dissolution studies 

Drug release behaviour from physical mixtures and inclusion complexes was studied by in 

vitro dissolution performance. Dissolution of LER pure, physical mixtures and inclusion 

complexes were carried out in USP dissolution apparatus type II using 900 mL of 0.1 N 

HCl (pH 1.2) as a dissolution medium at 100 rpm and 37±0.5°C for 1 hour. Accurately 

weighed formulation equivalent to 10 mg of LER was weighed, filled in capsule and was 

introduced into dissolution vessel. At predetermined interval, 10 mL aliquots of dissolution 

medium was withdrawn followed by addition of same amount of fresh dissolution medium 

for replacement. Withdrawn samples were filtered through whatman filter paper no. 41 and 

amount of LER was measured spectrophotometrically at 236 nm using 0.1 N HCl as a 

blank in double beam UV Vis Spectrophotometer. The dissolution studies were carried out 

in triplicate and % cumulative drug release was plotted against time to obtain dissolution 

profiles of LER pure, physical mixtures and inclusion complexes. 

6B.2.4 Solid State Characterization of Optimized inclusion complex 

Inclusion complexes of βCD and HPβCD having maximum saturation solubility and/or in 

vitro dissolution was selected and further subjected to solid state characterisation. 

6B.2.4.1 Fourier Transform Infrared Spectroscopy 

The FTIR spectra of LER, pure βCD, pure HP βCD, Physical mixtures and optimized 

inclusion complexes were recorded as per section 6A.2.4.1. 

6B.2.4.2 Differential Scanning Calorimetry (DSC) 

The DSC thermogram of LER, pure βCD, pure HP βCD, Physical mixtures and optimized 

inclusion complexes were recorded as per section 6A.2.4.2. 

6B.2.4.3 X-ray diffraction 

The Powdered X-ray Diffraction of LER, pure βCD, pure HP βCD, Physical mixtures and 

optimized inclusion complexes were recorded as per section 6A.2.4.3. 
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6B.2.4.4 Nuclear Magnetic Resonance Spectrometry 

The most accurate formation of an inclusion complex of LER with βCD was studied 

through NMR Spectroscopy. 
1
H and 

13
C NMR spectra were recorded using 400 MHz 

NMR Spectrometer. The spectrometer was equipped with a 5 mm multinuclear direct 

detection BBO probe with z-gradient. LER pure, βCD, physical mixture and inclusion 

complex were subjected to NMR spectroscopy using DMSO as solvent and chemical shifts 

were reported as ppm [22].   

6B.2.5 Stability and Photostability Study 

Stability study of optimized inclusion complex was performed as per the procedure 

explained in section 6A.3.5. 

6B.3 Results and Discussion 

6B.3.1 Preliminary Study 

6B.3.1.1 Phase Solubility Study 

The Phase solubility diagram of LER in βCD and in HPβCD at 25ºC is depicted in Fig. 

6B.2. The phase diagram obtained is classified as type AL type of linear host-guest 

relationship and indicates linear increase in apparent solubility of LER with increase in 

concentration of CDs. Assuming a 1:1 stoichiometry, the value of apparent stability 

constant Ks was found to be 428.18 M 
-1

 for βCD and 798.571 M 
-1

 for HPβCD (Table 

6B.2). The ideal value of a stability constant lies within 100 and 1,000 M
−1

, obtained value 

indicates that desirable interaction will take place between LER and CDs [18, 23]. 

Amongst βCD and HPβCD, ability to form inclusion complex of later is slightly more as 

stability constant of βCD is 1.86 fold smaller than that of HPβCD. Based on the result 

obtained of phase solubility study, interaction of LER for both βCD and HPβCD could be 

achieved and so inclusion complex for both the cyclodextrins were prepared and 

characterized. 



CHAPTER 6B                                                           INCLUSION COMPLEX OF LER 

 

 

Page 176 
   

 

FIGURE 6B.2 Phase solubility diagram of LER with different concentration of βCD and HP 

βCD 

TABLE 6B.2 Stability Constants (Ks) and slope for LER solid dispersions 

Type of Cyclodextrin Slope Stability Constant (M
-1

) 

β-Cyclodextrin 0.0049 428.18 

Hydroxy Propyl β-Cyclodextrin 0.0091 798.571 

6B.3.1.2 Gibbs-free energy (ΔG°tr) study 

Gibb’s free energy was calculated to know the process of transfer of LER from pure water 

to solution of CDs [24].The result of Gibb’s free energy of transfer of LER from aqueous 

solution to cavity of βCD and HPβCD is shown in Table 6B.3. For both cyclodextrins 

value of ΔG°tr is negative which suggests that favourable interaction can take place 

between LER and both cyclodextrins. Moreover the value of ΔG°tr decreases with increase 

in concentration of cyclodextrin demonstrates that reaction becomes more favourable as 

the concentration of cyclodextrin is increased. This thermodynamic parameter gives strong 

evidence about formation of inclusion complex molecules. Many scientific works have 

reported similar findings [25-27] with different values of ΔG°tr because of specific guest 

host interactions. Variation in equilibrium between free and complexed states gives rise to 

different values of ΔG°tr. Relative affinities of the drug for the cavity of CD and its 

concentration affects the rate of release of drug from inclusion complex. 
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TABLE 6B.3 Phase solubility and ΔG°tr of LER at different concentrations of βCD and 

HPβCD 

Concentration 

of βCD (mM) 

Concentration 

of  LER (mM)* 

Δ G°tr 

( J K
-1

 

mol 
-1

) 

Concentration 

of HPβCD 

(mM) 

Concentration 

of  LER 

(mM)* 

Δ G°tr 

( J K
-1

 

mol 
-1

) 

4.409 0.0280±0.00030 -2285.28 3.4 0.0435±0.00051 -3414.10 

8.818 0.0472±0.00045 -3624.65 6.84 0.0830±0.00057 -5079.24 

13.227 0.0796±0.00062 -4971.61 10.27 0.1084±0.00089 -5768.80 

17.63 0.1007±0.00087 -5578.61 13.69 0.1362±0.00114 -6356.46 

22.04 0.1186±0.00123 -6000.12 17.12 0.1706±0.00136 -6936.93 

26.45 0.1397±0.00178 -6422.75 20.54 0.1952±0.00125 -7283.19 

30.86 0.1581±0.00145 -6740.87 23.97 0.2370±0.00240 -7783.57 

R
2
 0.994 0.997 

Type of curve AL AL 

                                *Data expressed at Mean ± SD (n=3) 

6B.3.2 Preparation and Evaluation of Inclusion Complex of LER 

6B.3.2.1 Determination of LER in Inclusion Complexes 

Result for the content determination in inclusion complexes is shown in Table 6B.4.  

TABLE 6B.4 Content of Inclusion Complexes of LER 

Formulation Content (%w/w)  (Mean ±SD)* 

BCDF1 102.87±1.59 

BCDF2 101.52±1.55 

BCDF3 114.64±2.06 

BCDK1 98.60±1.69 

BCDK2 101.20±0.89 

BCDK3 111.35±2.24 

BCDPM1 101.36±1.23 

BCDPM2 99.95±0.98 

BCDPM3 97.69±0.85 
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HPBCDF1 98.39±1.12 

HPBCDF2 101.52±1.08 

HPBCDF3 100.89±1.65 

HPBCDK1 102.36±1.87 

HPBCDK2 103.87±0.97 

HPBCDK3 99.87±0.67 

HPBCDPM1 97.63±0.78 

HPBCDPM2 100.23±1.36 

HPBCDPM3 98.69±1.47 

                                                         *Data expressed at Mean ± SD (n=3) 

 

The content of inclusion complexes varies between 97.63 – 114 % . It is evident from the 

content that the content was much higher in the inclusion complex formed with the molar 

ratio of 1:2. Moreover the % RSD for the inclusion complex formed in 1:2 molar ratio for 

both kneaded product and freeze dried product are more than 2 %. This might be the result 

of non-uniform distribution of drug in high amount of βCD. Uniform distribution of LER 

in βCD was observed in inclusion complexes formed in molar ratio of 1:1 and 1:1.5 as the 

results obtained are well within the prescribed limit. 

6B.3.2.2 Saturation Solubility Study 

Results of saturation solubility study are shown in Table 6B.5 and Fig. 6B.3, which depicts 

increase in solubility of LER from all the inclusion complexes and physical mixture. The 

solubility of LER from physical mixture is more than the pure drug but the increase in 

solubility is not much higher suggesting that merely mixing the drug with cyclodextrin has 

not much effect on the solubility of LER. So the method of preparation of inclusion 

complex plays an important role in solubilising the drug. This may be because the proper 

method of preparation incorporates drug molecule into the cavity of cyclodextrin to hide 

the hydrophobic core of drug molecule. However method of preparation also has 

significant effect on solubility as inclusion complex prepared by freeze drying method 

showed better solubility compared to kneaded complex. Also the amount of CD used for 

complex formation is an important factor to produce a complex. Out of all molar ratio 
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tried, molar ratio of 1:1.5 gave maximum solubility. LER solubility increased 5.48 fold 

when complexed with βCD and 7.7 fold when complexed with HPβCD [28].  

 

TABLE 6B.5 Saturation solubility of LER and inclusion complexes 

S. N. Inclusion Complexes Solubility in distilled water (mg/mL)* 

1.  LER 0.0510±0.0023 

2.  BCDF1 0.2045±0.0022 

3.  BCDF2 0.2792±0.0037 

4.  BCDF3 0.2238±0.0033 

5.  BCDK1 0.1013±0.0012 

6.  BCDK2 0.1438±0.0022 

7.  BCDK3 0.1215±0.0019 

8.  BCDPM1 0.0712±0.0014 

9.  BCDPM2 0.0845±0.0016 

10.  BCDPM3 0.0756±0.0012 

11.  HPBCDF1 0.3029±0.0044 

12.  HPBCDF2 0.3925±0.0070 

13.  HPBCDF3 0.3264±0.0053 

14.  HPBCDK1 0.2133±0.0021 

15.  HPBCDK2 0.2405±0.0045 

16.  HPBCDK3 0.2208±0.0034 

17.  HPBCDM1 0.1526±0.0028 

18.  HPBCDM2 0.1948±0.0031 

19.  HPBCDM3 0.1786±0.0025 

                                                                                  *Data expressed at Mean ± SD (n=3) 
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FIGURE 6B.3 Graphical representation of Solubility of LER and inclusion complexes 

6B.3.2.3 In vitro dissolution study  

Dissolution study of inclusion complexes was studied in 1% SLS. The dissolution data 

obtained along with Dissolution Efficiency at 30 min (DE30) is depicted in Table 6B.6. 

Dissolution profiles of inclusion complexes and physical mixtures prepared with βCD and 

HPβCD are shown in Fig. 6B.4 (a) and (b). 

It is evident from the dissolution profiles that LER in the complex with both CD exhibited 

faster dissolution than LER pure powder. Increase in dissolution was observed in series 

Physical mixture ˂ kneaded complex ˂ freeze dried complex in both the Cyclodextrin 

used. It is clearly visible that the merely mixing the drug and cyclodextrin does not 

contribute much to the dissolution enhancement as the dissolution profile obtained with 

physical mixtures are similar to LER pure. LER in pure powder form showed only 50 % 

release over 60 min whereas the inclusion complex prepared by freeze drying in molar 

ratio of 1:1.5 showed 80% release in 20 minutes for both CD. The dissolution was much 

higher in 10 min for inclusion complexes formed by freeze drying method. Drug release 

pattern confirmed the results of saturation solubility as increase in the molar ration of 1:1.5 

to 1:2 didn’t show any significant increase in the dissolution behaviour of the drug. The 

effect of molar ratio is also evident from the dissolution profile as the dissolution was 

increased in series of 1:1˂1:2˂1:1.5. This suggests that the favourable interaction between 

Drug and Cyclodextrin takes place when the molar ratio is 1:1.5. Fig. 6B.5 shows the 

comparison of dissolution profile obtained with 1:1.5 molar ratios by freeze drying 

technique. Out of both the cyclodextrin tested, the inclusion complex formed with HPβCD 

shows promising result as the almost complete dissolution is achieved within 60 minutes  

0
0.05

0.1
0.15

0.2
0.25

0.3
0.35

0.4
0.45

L
E

R

B
C

D
F

1

B
C

D
F

2

B
C

D
F

3

B
C

D
K

1

B
C

D
K

2

B
C

D
K

3

H
P

B
C

D
F

1

H
P

B
C

D
F

2

H
P

B
C

D
F

3

H
P

B
C

D
K

1

H
P

B
C

D
K

2

H
P

B
C

D
K

3

B
C

D
P

M
1

B
C

D
P

M
2

B
C

D
P

M
3

H
P

B
C

D
M

1

H
P

B
C

D
M

2

H
P

B
C

D
M

3

S
o

lu
b

il
it

y
 m

g
/m

L
 



CHAPTER 6B                                                           INCLUSION COMPLEX OF LER 

 

 

Page 181 
   

 

 

FIGURE 6B.4 (a) In vitro dissolution profile of inclusion complexes formed with βCD 

 

FIGURE 6B.4 (b) In vitro dissolution profile of inclusion complexes formed with HPβCD  
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TABLE 6B.6 In vitro dissolution data for LER pure and inclusion complex formed with βCD and HPβCD 

Formulation 10* 20* 30* 40* 50* 60* DE30 

LER 33.19±0.041 37.07±0.183 46.93±0.065 47.07±0.041 47.43±0.012 50.00±0.401 31.24 

BCDF1 17.69±0.118 55.51±0.196 57.88±0.237 66.99±0.408 68.02±0.126 71.81±0.721 34.05 

BCDF2 53.22±0.538 80.05±0.885 81.97±0.816 82.30±1.271 84.86±0.706 87.47±0.845 58.08 

BCDF3 19.85±0.210 57.01±0.124 60.15±0.211 62.21±0.719 69.24±0.641 70.50±0.532 35.65 

BCDK1 16.65±0.24 51.19±0.711 51.83±0.816 55.43±0.222 55.63±0.288 56.50±0.286 31.25 

BCDK2 30.55±0.499 52.67±0.573 54.79±0.774 60.28±0.731 68.32±0.491 70.87±0.816 36.87 

BCDK3 17.82±0.240 47.35±0.244 49.16±0.276 50.95±0.241 51.33±0.274 51.8830.283 29.92 

BCDPM1 34.91±0.860 42.64±0.410 47.21±0.232 47.60±0.372 49.4520.291 51.76±0.225 33.72 

BCDPM2 36.67±0.286 46.04±0.312 47.59±0.349 51.47±0.424 54.54±0.657 55.32±0.737 35.50 

BCDPM3 37.482±0.926 47.81±0.032 49.83±0.040 53.2200.109 55.30±0.188 60.21±0.392 36.73 

HPBCDF1 58.26±0.360 69.60±0.449 70.30±0.481 71.86±0.728 74.66±0.228 75.42±0.617 54.34 

HPBCDF2 75.89±0.408 87.56±0.816 93.65±0.489 99.01±0.449 99.41±0.816 99.51±0.849 76.05 

HPBCDF3 57.63±0.244 63.13±0.817 67.15±0.739 70.64±0.854 72.56±0.870 73.26±0.597 51.44 

HPBCDK1 47.53±0.598 51.38±0.482 51.97±0.113 52.75±0.354 53.41±0.563 60.23±0.563 41.63 

HPBCDK2 54.66±0.513 61.78±0.439 67.24±0.780 70.23±0.808 71.22±0.813 73.26±1.23 50.02 

HPBCDK3 41.71±0.400 45.38±0.430 47.08±0.454 49.54±0.816 51.32±0.64 53.26±0.98 36.87 

HPBCDPM1 25.45±0.297 41.64±0.555 47.20±0.638 48.67±0.792 50.56±0.716 51.14±1.002 30.23 

HPBCDPM2 31.17±0.363 48.94±0.545 56.3±0.75131 62.23±1.069 64.70±0.655 67.56±0.871 36.08 

HPBCDPM3 23.63±0.409 34.50±0.646 38.02±0.676 43.86±0.583 45.10±0.420 48.69±0.959 25.71 

                                                                                                                      *Data expressed at Mean ± SD (n=3) 
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FIGURE 6B.5 In vitro dissolution profile of inclusion complexes formed in a molar ratio of 

1:1.5 and LER pure 

Increase in dissolution of LER can be explained on the basis of the fact that presence of 

cyclodextrin in vicinity of the dissolving drug particle creates a “driving force” and rate of 

dissolution becomes proportional to this additional force resulting in the enhanced 

dissolution [29]. Dissolution of LER in inclusion complex is higher and enhanced as the 

poorly soluble LER exists in more hydrophilic environment when it is incorporated into 

the cyclodextrin cavity. The effect of HPβCD is more pronounced in dissolution 

enhancement owing to the fact that derivatized cyclodextrin inclusion complex are 

relatively more amorphous and has a higher solubility as water molecule can easily break 

up the amorphous molecule than the crystalline one [ 30] and in turn dissolution. 

The results of dissolution can be explained more prominently in terms of Dissolution 

Efficiency at 30 min (DE30).Highest dissolution efficiency is obtained with the inclusion 

complex formed with HPβCD in a molar ration 1:1.5 by freeze drying technique. Hence, 

this formulation was compared with LER pure and marketed LER MKT in terms of 

dissolution profile, Mean Dissolution Time (MDT) and DE30. 

Final comparison of optimized inclusion complex was carried out with LER pure and LER 

marketed tablet using validated dissolution test procedure. The result of comparison is 

shown in Fig. 6B.6. Corresponding data for the same is depicted in Table 6B.7. Table 6B.8 

shows comparison of mean dissolution time (MDT) and dissolution efficiency (DE30) [31]. 
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FIGURE 6B.6 Dissolution profile of HPBCDF2, LER pure and LER MKT in 0.1 N HCl at 

100 rpm 

MDT obtained for optimized inclusion complex HPBCDF2  F2  is lowest (7.42 min) 

indicating that rapid release of LER is obtained from inclusion complex as compared to 

LER marketed tablet (MDT-13.64 min) and LER pure (MDT – 13.74 min). Also the DE30 

of HPBCDF2 was found to be 76.06 % which is higher than LER pure (28.52 %) and LER 

marketed tablet (46.92 %). Dissolution Efficiency thus obtained indicates that all the three 

dissolution profiles are different and the same is supported by calculation of similarity 

factor (f2) in model independent method which is not within 50-100 as shown in Table 

6B.8. 

 

TABLE 6B.7 In vitro release data of HPBCDF2, LER MKT and LER pure in 0.1 N HCl at 

100 rpm 

Time (min) HPBCDF2*  LER MKT* LER Pure* 

0 0 0 0 

5 74.36±1.21 28.36±0.48 22.36±0.42 

15 81.75±1.23 44.00±0.71 31.10±0.37 

30 93.65±1.85 86.00±0.57 47.35±0.83 

45 99.32±1.74 92.51±1.08 55.39±0.81 

60 99.51±1.65 94.01±1.23 58.27±0.91 

MDT (min) 7.42 13.64 13.74 

DE (%) 76.06 46.92 28.52 

      *Data expressed at Mean ± SD (n=3) 
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TABLE 6B.8 Comparison of Dissolution profiles 

Comparison Similarity Factor Dissolution Profile 

LER Pure and HPBCDF2  19.39 Dissimilar 

Marketed tablet formulation and 

HPBCDF2  

30.30 Dissimilar 

6B.3.3 Solid state characterization study 

From solubility and in vitro dissolution result, the inclusion complex prepared by freeze 

drying technique in molar ratio of 1:1.5 was selected for further solid state 

characterization. 

6B.3.3.1 Fourier Transform Infrared Spectroscopy (FTIR) 

Functional group and structure of organic compounds are well understood and predicted by 

FTIR study. Structure of prepared inclusion complex was studied in detail with the help of 

FTIR spectra. FTIR spectra of LER, βCD, Inclusion complex and physical mixture is 

depicted in Fig. 6B.6.LER (Fig. 6B.7(a)) shows characteristic peaks of N-H stretching 

vibration at 3202 cm
-1

, C-O-CH3 stretching vibration at 2772 cm
-1

, C=O stretching 

vibration at 1681 cm
-1

 and C=C vibration at 1461 cm
-1

. βCD (Fig. 6B.7 (b)) shows , 

maximum absorption at 3227 cm
-1

 because of O-H bonds of primary hydroxyl groups,2920 

cm 
-1

 of C-H stretching , broad absorption band within 1400-1200 cm
-1

 corresponding to 

C-H vibrations. FTIR spectra of physical mixture of LER and βCD (Fig. 6B.7(c)) shows 

the peaks of LER at 3204 cm
-1

,3084 cm
-1

,1661 cm
-1

 and 1661 cm
-1 

which are undetected in 

the FTIR of inclusion complex. Absence of these peaks is explained by the complexation 

of drug into host moiety [8].  

Moreover ,in the spectra of inclusion complex (Fig. 6B.7 (d)), peaks of LER at 1520 cm 
-1

, 

1485 cm 
-1

,1344
  
cm 

-1
and 1232 cm 

-1
 showed shifting to 1524 cm 

-1
,1487 cm 

-1
,1347 cm 

-1
 

and 1215 cm 
-1 

. This shift supports the strong interactions taking place between LER and 

βCD and can be explained by the dissociation of the intermolecular hydrogen bonds 

associated with crystalline drug molecules [19]. These observations suggest possible 

entrapment of LER into cavities of βCD which is the indication of formation of inclusion 

complex of LER and βCD. This explains the presence of weak interaction between LER 

and βCD [32].   
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FIGURE 6B.7a  FTIR spectrum of (a) LER (b) βCD (c) Physical mixture of LER : βCD 

(1:1.5) (d) Freeze dried inclusion complex of LER: βCD (1:1.5) 

FTIR spectra of LER, HPβCD, Inclusion complex and physical mixture is depicted in Fig. 

6B.7. As evident from the figure, characteristic peaks of LER at 3202 and 2772 cm
-1 

and 

few in fingerprinting region is visible in the spectrum of physical mixture (Fig 6B.7 (c)). 

The FTIR spectrum of physical mixture is the characteristic spectra obtained by 

superimposing the spectra of LER and HPβCD. This observation suggests that merely 

mixing the drug with HPβCD is not enough to form inclusion complex. LER peak at 3184 

cm
-1

 is completely disappeared in the FTIR spectra of inclusion complex formed by freeze 

drying technique (Fig 6B.7 (d)). This observation suggests that strong interaction between 

LER and HPβCD takes place in the freeze dried inclusion complex. Disappearance of peak 

corresponding to N-H stretch indicates possible formation of hydrogen bond between N-H 

group of LER and HPβCD. This observation is supported by the findings of Prabhu et al. 

[33] and Medarevi et al [34]. 
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FIGURE 6B.7b FTIR Spectra of (a) LER (b) HPβCD (c) Physical Mixture LER: HPβCD 

(1:1.5) (d) HPBCDF2 

6B.3.3.2 Powdered X-ray Diffraction (PXRD) 

XRD is most commonly used to confirm inclusion complex of βCD in powdered state. Fig. 

6B.8 depicts PXRD patterns of LER, Physical mixture and freeze dried inclusion complex 

with βCD and HPβCD. The diffraction pattern of inclusion complex differs from that of 

pure drug because of super position of peaks of both the components [32]. LER, βCD and 

HPβCD show multiple peaks at various 2θ in their PXRD pattern which suggests their 

crystalline structure. LER illustrated strong and sharp peaks at diffraction angle (2θ) of 7.0, 

18.9, 23.1 and 24.9 outlining well defined crystal structure. 

In case of physical mixture of LER with βCD, PXRD pattern showed characteristic 

crystallinity peaks of drug and βCD both but with lesser intensity than that was obtained 

with pure compounds. Physical mixture PXRD pattern suggests that inclusion complex 

formation doesn’t take place by simply triturating LER with βCD [35]. PXRD pattern of 

inclusion complex formed by freeze drying method showed presence of new peaks and 

loss of few peaks from LER and βCD which suggests change in crystalline structure of 

βCD. This observed change is attributed to the probable formation of inclusion complex 

[23]. 

When physical mixture of LER with HPβCD was analysed by PXRD, the pattern obtained 

showed significant decrease in crystallinity which might be attributed to the amorphous 
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nature of HPβCD. However in the physical mixture also few peaks at diffraction angle (2θ) 

23.1 and 24.9 of LER is visible indicating the presence of crystalline structure. Whereas 

the PXRD pattern of inclusion complex showed complete absence of peak in the pattern 

which confirms the presence of only amorphous material in the inclusion complex.  

The results of PXRD studies indicated that conversion of crystalline to amorphous state of 

LER takes place when inclusion complex is formed with HPβCD by freeze drying 

technique. 

 

FIGURE 6B.8 XRD Pattern of (a) LER (b) Physical Mixture LER : βCD (1:1.5) (c) BCDF2(d) 

Physical Mixture LER : HPβCD (1:1.5) (e) HPBCDF2 

6B.3.3.3 
1
H Nuclear Magnetic Spectrometry (NMR) 

Proton NMR Spectroscopy is used to characterize inclusion complex based on the changes 

in chemical shifts of proton of both the drug and βCD. 
1
HNMR spectra of LER, βCD, 

Physical mixture and inclusion complex is shown in Fig. 6B. 9. LER shows NMR signals 

corresponding to its proton over the δ values of 2-5 and 7-8. Similar signals along with 

basic signals of βCD are visible in NMR spectrum of physical mixture in Fig. 6B.9 (c). 

However, chemical shifts of LER were decreased in intensity or went undetected in the 

NMR spectra of inclusion complex Fig. 6B.9 (d).Also sharpness of signals have been 

reduced and widening is seen in the inclusion complex in comparison with LER and 

physical mixture spectra. Downfield change in the chemical shifts of proton of LER is 



CHAPTER 6B                                                          INCLUSION COMPLEX OF LER 

 

Page 189 

clearly observed and reported in the Table 6B.9. Thus overall behaviour of LER along with 

βCD in physical mixture and in inclusion complex suggests that a strong hydrophobic 

interaction is taking place between the cavity of βCD and a portion of LER which can be 

the result of incorporation of LER into the βCD. The formation of inclusion complex is 

also supported by the results obtained in FTIR and PXRD studies [22]. 

 

 

FIGURE 6B.9   
1
H NMR spectra of (a) LER (b) βCD (c) Physical mixture (d) Inclusion 

complex BCDF2 

1
H NMR studies result of inclusion complex HPBCDF2  is shown in Fig. 6B.10 along with 

NMR spectra of LER, HPβCD and physical mixtures of both. The data of chemical shift 

observed is indicated in Table 6B.9. The evident overlapping of peaks in region of 4-5 ppm 

and downfield shifting of NMR signal of host molecule collectively suggest strong 

hydrophobic interaction taking place between the LER and HPβCD [36].  

TABLE 6B.9 Chemical shifts (ppm) for LER protons and LER-βCD inclusion complex 

δ LER δ BCDF2  ΔδBCDF2 δ 
HPBCDF2 

 Δδ
HPBCDF2

 

7.61 8.02 0.41 7.96 0.35 

7.59 7.97 0.38 7.91 0.32 

7.54 7.6 0.06 7.61 0.02 

7.52 7.58 0.06 7.59 0.07 

7.5 7.56 0.06 7.48 -0.02 
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FIGURE 6B.10  
1
H NMR spectra of (a) LER (b) HPβCD (c) Physical mixture (d) Inclusion 

complex HPBCDF2 

6B.3.3.4 Differential Scanning Calorimetry 

From the result of FTIR, PXRD and 
1
H NMR studies it was observed that out of the two 

inclusion complexes formed with
 
βCD and HPβCD, the one prepared with HPβCD showed 

significant increase in dissolution and interaction with LER. Hence, the DSC studies were 

performed with the inclusion complex of HPβCD. DSC thermogram of LER, HPβCD, 

physical mixture and HPBCDF2 is depicted in Fig. 6B.11. Details of thermodynamic 

parameters corresponding to the DSC thermograms are given in Table 6B.10. 

DSC thermogram of LER shows sharp endothermic peal at 178.35 corresponding to its 

melting point and confirming its crystalline structure. HPβCD in its thermogram shows a 

shoulder at 81.21 º C. Physical mixture of HPβCD and LER shows overlapping of these 

two peaks but with reduced height, peak area and heat of fusion.   
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FIGURE 6B.11 DSC thermogram of (a) LER (b) HPβCD (c) Physical mixture with HPβCD 

(1:1.5) (d) HPBCDF2 

 

As seen from the DSC thermogram of inclusion complex, the second peak corresponding 

to LER which was seen in physical mixture is completely absent and also the shoulder at 

80.20 º C is appearing with further decrease in peak height, peak area and heat of fusion 

than those observed with physical mixture. 

All above observation collectively supports the strong interaction between LER and 

HPβCD converting crystalline LER to amorphous complex with enhanced solubility and 

better dissolution.  

TABLE 6B.10 Thermal behaviour of DSC Thermograms of LER pure, HPβCD, Physical 

Mixture and optimized Inclusion Complex (HPBCDF2) 

System Peak point 

°C 

Peak height 

(mW) 

Peak area (mJ) Heat of fusion  

(J/g) 

LER 178.35 4.1373 189.493 73.56 

HPβCD 81.21 1.18 247.35 91.34 

Physical Mixture peak 1 80.03 1.03 228.92 83.15 

Physical Mixture peak 2 192.51 0.88 29.538 10.72 

HPBCDF2 80.20 0.74 167.86 60.20 

(b) (b) (a) (a) 

(c) (c) (d) (d) 
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6B.3.4 Stability and Photostability Study 

Based on the results obtained for solubility and in vitro dissolution, inclusion complex of 

LER prepared with HPβCD by freeze drying technique in the ratio of 1:1.5 was subjected 

to stability study. The % drug content and % cumulative drug release obtained after storage 

at 40ºC/75% RH is shown in Table 6B.11 and profile for the same is depicted in Fig. 

6B.12. 

TABLE 6B.11 Drug content and in vitro dissolution stability data of optimized solid 

dispersion after storage at 40ºC/75% RH 

Time (min) 
Cumulative Drug Release* 

Initial 60 days 120 days 180 days 

5 74.36±1.21 73.86±1.51 72.47±0.98 71.38±1.87 

15 81.75±1.23 80.25±1.74 79.54±1.65 78.45±2.69 

30 93.65±1.85 92.15±1.32 91.65±1.87 90.10±3.64 

45 99.32±1.74 97.48±1.46 96.89±1.64 95.64±4.21 

60 99.51±1.65 98.12±2.10 97.48±2.30 96.78±4.44 

Similarity factor 

between initial release 

and release after 

stability 

- 
89.30 

Similar 

83.09 

Similar 

75.12 

Similar 

Drug Content (%w/w) 99.34±0.43 98.75±0.67 97.18±1.4 96.84±0.9 

                                                                                   *Data expressed at Mean ± SD (n=3) 

 

 

FIGURE 6B.12 Dissolution profile of optimized Inclusion complex after stability study 

Drug content of solid dispersion was found to be in range of 97.10 to 98.4 after storage. 
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Drug release after storage is also unaltered after storage. Similarity factor for all the 

duration studied for stability was in the range 50-100 indicating that the drug release 

pattern after stability is similar to the initial release. The results obtained for stability study 

indicates that the solid dispersion produced is stable for six months. 

 

 
 

FIGURE 6B.13 Powdered X Ray diffraction patterns of Optimized inclusion complex of LER 

and HPBCD (a) at zero time (b) after storage of 6 months 

Optimized inclusion complex of Lercanidipine hydrochloride with hydroxyl propyl beta 

cyclodextrin showed loss of crystallinity of Lercanidipine hydrochloride in XRD pattern (Fig 6B. 

13 (a)) [36]. The XRD pattern obtained for the optimized inclusion complex after storage of 6 

months (Fig 6B. 13(b)) demonstrated same XRD pattern as that of freshly prepared inclusion 

complex indicating that the crystalline behaviour of Lercanidipine hydrochloride is not reappeared. 

The detailed study of XRD patterns confirms that the change in crystalline behaviour is not 

changed even after storage for 6 months. 

 

Photostability studies depicted major effect of UV light on solid state of LER and its 

formulation while solution state was more sensitive to sunlight. Results of photostability 

confirmed the reported photostability issue of LER and hence all the experiments were 

conducted in the amber colored glass apparatus. 

(a) (a) 

(b) (b) 
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6B.4 Conclusion 

The study carried out in this work suggests that solubility and dissolution of LER can be 

enhanced by incorporating it into HPβCD using freeze drying method. From the result 

obtained it can be concluded that out of physical mixing , kneading and freeze drying 

technique, freeze drying method is most successful in producing inclusion complex with 

faster and higher dissolution. Evaluation of inclusion complexes formed with various 

molar ratio suggested that, successful inclusion complex can be formed with the molar 

ratio of 1:1.5. Significant increase in the DE30 and MDT was obtained with the optimized 

inclusion complex. Result of FTIR, PXRD, 
1
H NMR and DSC confirms that strong 

interaction takes place between LER and HPβCD. 
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CHAPTER 6C 

Pharmacokinetic Study of Lercanidipine 

Hydrochloride (LER) Formulations 

6C. Pharmacokinetic study of optimized LER formulations 

6C.1 Introduction 

The absorption and excretion of LER was studied after oral administration of solid 

dispersion, inclusion complex and comparing with LER pure [1]. Kinetica software was 

used to obtain the result of Non Compartmental Extravascular analysis [2, 3].Following 

pharmacokinetic parameters were calculated. 

6C.1.1 Pharmacokinetic parameters 

Maximum Plasma Concentration (Cmax) 

It is defined as observed maximum plasma or serum concentration after administration 

It can be determined from the plasma concentration profile. 

Time for maximum plasma concentration (tmax) 

It is defined as the time after administration of a drug when the maximum plasma 

concentration is reached. 

It can be determined from the plasma concentration profile. 

Area under plasma concentration curve (AUC) 

The area under the plasma drug concentration-time curve (AUC) reflects the actual body 

exposure to drug after administration of a dose of the drug and is expressed in mg*h/L. 
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AUC (0-t): It is the area under plasma concentration curve for time zero to t. It can be 

calculated using trapezoidal rule in which area under curve from t2 to t1 is calculated by 

following equation. 

     

  = 
     

 
          

AUC (0-∞): It is Area under the concentration-time curve from zero up to ∞ with 

extrapolation of the terminal phase and calculated by following formula. 

     

   = Σ       

   + 
     

 
 

Where, 

 Clast = last observed plasma concentration at tn 

k= slope obtained from the terminal portion of the graph 

AUMC: It is the Area under the first moment of the concentration-time curve from zero up 

to ∞ with extrapolation of the terminal phase. It can be calculated as the area under curve 

for graph plotted of Clast*t versus t. 

Kel: The elimination rate constant is defined as the fraction of drug in an animal that is 

eliminated per unit of time, e.g., fraction/h. It can be calculated from the slop of terminal 

linear portion obtained with log plasma concentration versus time. 

t1/2: It is the elimination half-life and defined as the time required for the amount of drug 

(or concentration) in the body to decrease by half. It is calculated from following formula 

  
 
  

     

   
 

Vd: The volume of distribution is the theoretical volume that would be necessary to contain 

the total amount of an administered drug at the same concentration that it is observed in the 

blood plasma. 

MRT: It is Mean residence time of the unchanged drug in the systemic circulation. It can 

be calculated by following equation. 
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6C.2 Experimental Work 

6C.2.1 Details of Animals used for Pharmacokinetic Study  

For in vivo Pharmacokinetic study, Albino rats of either sex having weight 270±40 g were 

used. Temperature and relative humidity for housing was animals were kept at 25±2° C 

and 70±2°C with natural light and dark conditions. Animals were fed with commercial 

pellet chow and given water add libitum. The animal experiments was carried out as per 

the guidelines of the Committee for the Purpose of Control and Supervision of 

Experiments on Animals (CPCSEA), New Delhi, India and the Institutional Animal 

Ethical Committee (IAEC) approved protocol of this study (BIP/IAEC/2014/18) at Babaria 

Institute of Pharmacy, Varnama, Vadodara. 

6C.2.2 Calculation of dose of LER in Animals 

The dose of LER for rat was calculated from following formula based of weight of rat in 

mg/kg.  

HED (Human Equivalent Dose) for rat = 0.09 X Human dose of the drug 

Considering maximum daily dose of LER 20 mg, the calculated dose for rat was found to 

be 1.8 mg/kg[4]. 

6C.2.3 In vivo pharmacokinetic study 

Bioavailability of Solid dispersion and Inclusion complex was compared with standard 

LER. Twelve rats (280 ±10 g) were fasted for 24 h (with free access to the tap water) being 

randomly assigned into three groups with four rats in each group. Optimized formulations 

of LER were orally administered to these rats in the dose of 1.8 mg/kg. LER Pure and 

formulations were suspended in 0.5 %w/v sodium carboxymethyl cellulose as a suspending 

agent. Blood samples (0.15 mL) were collected from the femoral artery at 0.25, 0.5, 0.75, 

1, 2, 4,8,12 and 24 h following an oral administration of each formulation. The blood 
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samples were introduced into heparinized micro centrifuge tubes, and separated by 

centrifugation at 3000 rpm for 10 min. The plasma samples thus obtained were stored at -

50°C [5].  

6C.2.4 Pharmacokinetic analysis  

Plasma samples obtained from the rats were analysed by developed RP-HPLC method 

described in Chapter 4. Non-compartmental pharmacokinetic analysis was performed using 

kinetica software. With the trapezoidal rule Cmax, Tmax, AUC (0-t), AUC (0-∞), AUMC, Kel, 

t1/2, Vd and MRT. All data for pharmacokinetic analysis are reported as Mean ± SD . 

6C.3 Results and Discussion 

As per the result obtained from earlier studies involving LER, it was observed that 

solubility and in vitro dissolution of LER from solid dispersion and inclusion complex is 

significantly increased. In vivo performance of LER from solid dispersion and inclusion 

complex was performed to study the behaviour and compare them with in vivo behaviour 

of LER pure and marketed tablet of LER. 

Plasma samples for the pharmacokinetic study of LER pure, solid dispersion and inclusion 

complex were analysed by calibration curve. Average results of analysis of plasma samples 

obtained from rat is Depicted in Table 6C.1. The plasma drug concentration profile 

obtained for all the three is illustrated in Fig. 6C.1 

From the plasma drug concentration profile it is evident that both the formulation of LER 

Solid dispersion and LER HPβCD inclusion complex shows better oral absorption as 

compared to the LER pure. 
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TABLE 6C.1 Average Plasma Concentration of LER after oral administration of LER, LER 

MKT, Solid dispersion and inclusion complex of LER in rats 

S.N. 
Time 

(hour) 

Plasma Concentration in ng/mL 

(Mean ± SD ) 

LER  LER MKT 
LER Solid 

dispersion 

LER  HPβCD 

inclusion 

complex 

1.  0.25 297.43±36.62 497.78±77.73 657.62±102.77 1161.91±200.60 

2.  0.5 340.39±43.22 848.29±117.16 1131.84±207.68 1316.08±197.24 

3.  0.75 401.35±46.79 741.91±95.61 761.62±119.02 986.69±83.10 

4.  1 198.47±29.85 301.12±31.61 386.6±54.329 460.72±73.19 

5.  2 185.35±20.30 226.22±21.03 198.8±31.57 386.54±65.18 

6.  4 177.87±37.036 204.55±19.23 197.01±35.81 261.70±30.03 

7.  6 173.84±32.36 156.65±22.62 192.80±36.42 196.70±26.59 

8.  8 101.32±16.44 66.38±7.38 182.36±29.36 102.36±15.21 

9.  12 63.25±8.35 56.85±6.24 52.58±8.87 57.44±8.42 

                                  *Data expressed at Mean ± SD (n=3) 

Pharmacokinetic parameters calculated using Kinetica 5.0 software is showed in Table 

6C.2. 

 

FIGURE 6C.1 Pharmacokinetic Plasma Drug Concentration profile for LER, LER MKT 

LER solid dispersion and LER HPβCD inclusion complex 

0

200

400

600

800

1000

1200

1400

1600

0 2 4 6 8 10 12

P
la

sm
a

 C
o

n
ce

n
tr

a
ti

n
o
 o

f 
L

er
ca

n
id

ip
in

e 

(n
g
/m

l)
 

Time (h) 

LER

SD

HPBCD inclusion

LER MKT



CHAPTER 6C             PHARMACOKINETIC STUDY OF LER FORMULATIONS 
 

 

Page 204 

TABLE 6C.2 Pharmacokinetic parameters after oral absorption of LER, LER MKT, LER 

Solid dispersion and LER HPβCD inclusion complex 

Pharmacokinetic 

parameters 
Pure Drug 

LER Marketed 

Tablet 

LER Solid 

dispersion 

LER  HPβCD 

inclusion 

complex 

tmax (h) 0.75 0.5±0 0.5 0.5 

Cmax (ng/mL) 401.35±46.79 848.29±117.19 1131.84±207.68 1316.08±197.24 

AUC( 0-t) (ng.h. 

mL
-1

) 
1779.43±225.09 2057.83±209.85 2538.21±428.05 3031.05±433.35 

AUC(t-∞) (ng.h. 

mL
-1

) 
469.01±16.35 355.32±41.35 228.69±35.98 295.11±41.73 

AUC(0-∞) (ng.h. 

mL
-1

) 
2248.45±235.73 2413.16±250.63 2766.9±464.03 3326.16±475.09 

MRT (0-∞) (h) 7.80±0.36 5.84±0.065 5.16±0.005 4.52±0.014 

t1/2 (h) 5.21±0.61 4.32±0.074 3.01±0.036 3.56±0.016 

AUMC( 0-t) 

(ng.h
2
.mL

-1
) 

8331.10±1346.59 7646.66±771.06 10545.54±1804.61 10282.38±1444.69 

Vd (mL/kg) 6.85±1.537 5.22±0.000.50 3.24±0.596 3.15±0.47 

Vss (mL/kg) 7.055±1.065 4.89±0.467 3.84±0.662 2.83±0.41 

Cl 0.899±0.09 8.37±0.08 0.744±0.127 0.395±0.231 

Kel (h
-1

) 0.13±0.01 0.16±0.0026 0.22±0.002 0.19±0.0008 

Data shown as Mean ± SD (n=3); tmax - The time to reach maximum plasma concentration; 

Cmax - Plasma peak concentration; AUC - Area under the plasma-concentration–time 

curve; MRT - Mean residence time; t1/2- Elimination half-life; AUMC (0-t) -Total area under 

the first moment curve; Vd - Volume of distribution; Vss - Volume of distribution at steady 

state; Cl - Total body clearance.; Kel - Elimination rate constant. 

From the pharmacokinetic parameters it is observed that AUC( 0-t) and Cmax for inclusion 

complex and solid dispersion is higher than LER pure and marketed formulation indicating 

that both the techniques produces a formulations that are better absorbed than the . Cmax for 

inclusion complex was highest 1316.08±197.24 showing 3.27 fold increases in Cmax LER 

pure and 1.545 fold increase compared to marketed tablets which is 401.35±46.79 and 

848.29±117.19 respectively. Similarly Cmax for solid dispersion was also 1131.84±207.68 

ng/mL which showed 2.82 fold increase in Cmax of LER pure and 1.33 fold increase of 

marketed formulation. 

Similar observations were seen in case of AUC ( 0-t), whereby inclusion complex and solid 

dispersion showed 1.70 (3031.05±433.35)and 1.42 (2538.21±428.05)fold increase as 

compared to AUC( 0-t) of LER pure (1779.43±225.09).When compared with marketed 

formulation, inclusion complex and solid dispersion showed 1.47 and 1.23 fold increase  in 
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AUC( 0-t) . Moreover tmax for both solid dispersion and inclusion complex was found to be 

0.5 h which is shorter than tmax of LER pure which was observed at 0.75 h. Reduction in t1/2  

(half-life) indicated increase in vivo absorption of LER from solid dispersion and inclusion 

complex  

Mean residence time for LER after solubility enhancement technique was decreased. MRT 

forLER pure and marketed formulation was found to be 7.80±0.36 and 5.84±0.065. While, 

that of solid dispersion and inclusion complex was found to be 5.16±0.005 and 4.52±0.014 

respectively.  All the other parameters such as Vd, Vss and Cl showed appreciable decrease 

in case of solid dispersion and inclusion complex than the LER pure. 

The poorly water soluble drug involves dissolution in GI fluid followed by absorption 

through epithelial membrane [6]. Hence its absorption is limited by solubilisation and 

dissolution [7, 8]. Study of in vivo pharmacokinetics of all the formulations suggests that 

the improved bioavailability of LER from solid dispersion and inclusion complex is 

evident. The enhancement is may be attributed to change in crystalline form of LER when 

the solid dispersion and inclusion complexes are formed. The in 

Generally, absorption of a poorly water-soluble drug is considered to involve the 

dissolution process into the gastro intestinal fluids for transport across the epithelial 

membrane [24]. Thus its oral absorption could be rate-limited by the solubilisation and 

dissolution step [25, 26].  

6C.4 Conclusion 

It can be concluded from the in vivo studies carried out for LER formulations that the 

pharmacokinetic behaviour of LER is improved supporting the solubility and dissolution 

enhancement achieved in the earlier studies. 
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CHAPTER 7A 

Liquisolid Compacts of Cilnidipine (CLN) 

 

7A.1 Introduction 

A liquisolid system is defined as dry, non-adherent, free-flowing and compressible powder 

mixtures converted from liquid drugs, drug suspensions or drug solutions in non-volatile 

solvents with selected carrier and coating material [1]. It is one of the most encouraging 

approaches for enhancement of release of BCS Class II drugs [2-8]. In this method a drug 

solution, drug dispersion or drug suspension is prepared in a non-volatile liquid which is 

then incorporated into a porous carrier material with high surface area. After saturation of 

carrier with liquid, a non-greasy liquid layer formed on surface is adsorbed by fine coating 

material. This process converts insoluble drug to dry, free flowing and cTAbleompressible 

solid which is then directly compressed to obtain liquisolid compacts. A mathematical 

model expressed by Spireas [9] is used to calculate required amount of powdered material. 

A liquisolid powder with acceptable flow properties and compressibility is obtained with 

maximum load factor, termed as “Liquid Load Factor (Lf), which depends on the ratio of 

carrier to coating material (R). With the desired amount of liquid, the amount of carrier and 

coating material can be calculated if the liquid load factor Lf is known. The liquisolid 

technique has shown promising results for the drugs like carbamazepine [1], atorvastatin 

calcium [10] and fenofibrate [11]. 

Amount of liquid vehicle and powder excipients can influence the flowability and 

compressibility of the liquisolid powder admixtures and so there is a need to develop an 

approach to define the relationship between these process parameters and results thus 

obtained [12]. With the help of factorial design, the time required to develop a 

pharmaceutical dosage form is effectively decreased by limiting the number of 

experimental trials. Factorial design encompasses study of all factors in maximum possible 

combinations and thereby the most effective method to measure influence of individual 
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and combination of variables in minimum number of experiments [13]. With the factorial 

designs one can control the independent variables while the responses obtained are 

dependent. To access the significance of important process parameter on the responses Box 

and Wilson developed the basic theoretical and fundamental aspects known as response 

surface methodology [14].Response surface methodology uses contour plot (2-D visual) 

and responses surfaces (3-D visual) representation facilitate optimization with the help of 

empirical model equation relating the independent variables with dependent variables [15-

17].  

CLN is a dihydropyridine calcium-channel blocker that inhibits cellular influx of calcium and 

causes vasodilatation. CLN inhibits both L-type and N-type calcium channels in different 

neurons [18, 19]. It has greater selectivity for vascular smooth muscle [20-22]. It has little or 

no action at the SA or AV nodes and negative inotropic activity is rarely seen at therapeutic 

doses. CLN is choice of CCB drug over nisoldipine and nifedipine for use in cardiac condition 

[23]. Clinical use of CLN is limited due to its low dissolution and poor oral bioavailability 

owing to poor water solubility.  Approaches such as inclusion complex with HP-β-CD [24], 

Solid dispersion [25], self-emulsifying drug delivery system (SEDDS) [26] and microemulsion 

[27] has demonstrated enhancement in solubility of CLN. Literature reveals that liquisolid 

compact strategy has not been explored for solubility and dissolution improvement of CLN. 

Present research involves the evaluation of effect of weight of non-volatile solvent and 

carrier to coating material ratio on the release of CLN from the liquisolid compacts. 3
2
 full 

factorial design approach is used to facilitate the dissolution of drug in the liquisolid 

compact formulation. 

7A.2 Experimental Work 

7A.2.1 Preliminary Study  

7A.2.1.1 Selection of Non-Volatile Solvent 

Solubility of CLN was determined in Propylene Glycol, PEG 200, PEG400, PEG 600 and 

Transcutol HP to select non-volatile solvent. An excess amount of CLN was added to 10 

mL of solvents in the small screw capped vial to prepare saturated solution. Sealed vials 

containing saturated solution of CLN were subjected to constant shaking on incubator 
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shaker for 48 h at room temperature [10].  After shaking, content of vials were centrifuged 

at 3000 rpm and supernatant was filtered through 0.45 µ cellulose acetate filter. Amount of 

drug in filtrate was measured using UV-VIS spectrophotometer at 242 nm after diluting 

with distilled water. The measurements were done in triplicate. 

7A.2.1.2 Selection of Carrier and Coating Material based on Flowable Liquid 

Retention Potential 

“Angle of slide” measurement was done to select carrier and coating material for liquisolid 

compact preparation. Various admixtures containing fixed amount (10 gm) of 

carrier/coating material and increasing amount of liquid vehicle were prepared. Resulting 

admixtures of carrier/coating and vehicle were placed on smooth metal plates and the 

plates were tilted slowly till the powder/liquid admixture was about to slide. The angle of 

slide (θ) was formed between the plate and horizontal surface at this point. Adsorption of 

liquid vehicles on to powder can alter the flow properties of the same. To obtain flowable 

liquid-retention potential (φ-value) of each powder/liquid admixture, following equation 

was used [28].  

φ – Value = 
                

               
 

7A.2.1.3 Determination of Liquid Load Factor (Lf) 

The liquid load factor (Lf) is calculated from the weight the liquid medication (W) and 

carrier powder (Q) in the system by following equation [29].  

     
 

 
 

The excipient ratio (R) is the ratio of the weights of the carrier (Q) and the coating (q) material 

present in the formulation. 

 

R= 
 

 
 

The liquid load factor (Lf) for acceptable flowability was calculated based on the φ-value 

of carrier and coating material using following equation [9]. 
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Lf = φCA + φCO 
 

 
  

Where, 

φCA = φ value for carrier material 

φCO = φ value for coating material 

R= Ratio of weight of carrier to coating material 

7A.2.1.4 Determination of amount of carrier (Q) and coating (q) material 

Amount of Carrier and coating material needed to prepare free flowing and compressible 

liquisolid admixture can be calculated from the Lf using following formula.  

  = 
 

 
 

Where,  

W= amount of liquid medication 

R=Q/q 

7A.2.2 Preparation and Evaluation of Liquisolid Compacts of CLN 

7A.2.2.1 Preparation of Liquisolid Compacts 

Liquisolid compacts were prepared in three step process [9]. In first step, liquid medication 

was prepared by dissolving accurately weighed CLN in the specified amount of Transcutol 

HP. In the second step liquid medication obtained in first step was allowed to absorb on 

calculated amount of carrier material (Neusilin US2) in the mortar and pastel. To the 

obtained blend of liquid medication and carrier material, defined quantity of coating 

material (Cab-O-Sil) was added and mixed continuously to obtain dry powder admixture. 

The final powder blend was mixed with 5 % Sodium Starch Glycolate and 0.75 % 

Magnesium stearate and mixed. 

 The blend of liquisolid compacts obtained is a free flowing powder with poor 

compressibility. To overcome the limitation while compression, the free liquisolid compact 

blend was granulated with the help of 10% PVP solution. PVP solution was prepared by 

mixing 10 g of weighed PVP to 90 mL of water and heating on the water bath at 60 ° C till 
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it dissolves. For granulation, required amount of PVP was added to liquisolid admixture 

slowly and mixed for 3-4 minutes to obtain a soft wet mass. The soft mass obtained was 

checked to see the formation of agglomerates to assess if correct amount of moisture was 

added. The soft mass thus obtained was passed through 500 µ mesh sized sieve. The 

granules obtained were kept in the hot air oven at 45 ° C for 60 min. Granulation was done 

with the liquisolid admixture prior to compaction. Finally the granules were compressed by 

multi-station punch press. 

7A.2.2.2 3
2
 Full Factorial Design for Formulation of Liquisolid Compacts 

3
2
 full factorial mathematical approach was applied to design and formulate liquisolid 

compacts of CLN [30]. For the present study, Transcutol HP was selected as a non-volatile 

solvent, Neusilin US2 was selected as carrier material and Cab-O-Sil was selected as 

coating material.  

For enhancement of solubility of CLN, amount of non-volatile liquid (Transcutol HP) was 

taken as 49.4 mg, 74.1mg and 98.8 mg. Based on the calculation of liquid load factor and 

literature review, the carrier : coating ratio (R) was deviated from 5,10 and 15. Addition of 

liquid to carrier and coating powder material has a prominent effect on acceptable 

flowability and compressibility. Therefore, to obtain the optimum increase in solubility 

without altered flowability and compressibility, carrier/coating material and liquid content 

must be optimum. 

To decide individual and combined effect of each variable on the overall performance of 

liquisolid compacts 3
2
 full factorial design was applied (Table 7A.3). Amount of 

Transcutol HP and carrier to coating ratio were taken as independent variable (Table 7A.1) 

and dependent variable as selected as in Table 7A.2. Stepwise regression analysis was used 

to find out the control factors that significantly affect response variables. 

TABLE 7A.1 Independent Variables and Translation of coded values in Factorial Design 

Variable Levels Low (-1) Medium (0) High (+1) 

X1=Quantity of Transcutol HP 49.4 mg 74.1 mg 98.8 mg 

X2= Carrier to coating Ratio (R) 5 10 15 
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TABLE 7A.2 Dependent Variables analysed for 3
2
 Full Factorial Design 

Code  Dependent Variables 

Y1  Cumulative Drug Release at 30 min (%w/w) 

Y2 Angle of Repose (θ) 

Y3 Disintegration time (min) 

 

 

Table 7A.3 3
2
 Factorial design for preparation of Liquisolid Batches 

 

 

Based on the R value in factorial design, the quantity of each excipient was calculated from 

the mathematical model [7].Composition of all the factorial batches prepared with Neusilin 

US2 as carrier and Cab-O-Sil as a coating material is presented in Table 7A.4. 

TABLE 7A.4 Detailed composition of factorial batches of CLN 

Batch 

Code 

Amount 

of drug 

(mg) 

Quantity 

of 

Transcutol 

HP (mg) 

R 
W 

(mg) 
Lf 

Neusilin 

US2 

(mg) 

Q=W/Lf 

Colloidal 

Silicon 

Dioxide 

(mg) 

(q=Q/R) 

Total 

weight of 

the 

compact 

F1 10 49.4 5 59.4 
0.86 

 

69.06 13.81 150.821 

F2 10 74.1 5 84.1 97.79 19.55 213.536 

F3 10 98.8 5 108.8 126.51 25.30 276.251 

F4 10 49.4 10 59.4 
0.7698 

 

77.16 7.71 152.936 

F5 10 74.1 10 84.1 109.24 10.92 216.531 

F6 10 98.8 10 108.8 141.33 14.13 280.125 

F7 10 49.4 15 59.4 
0.7368 

 

80.61 5.37 154.117 

F8 10 74.1 15 84.1 114.14 7.60 218.203 

F9 10 98.8 15 108.8 147.66 9.84 282.289 

 

Batch 

code 

Variable levels in coded 

form 

X1 X2 

F1 -1 -1 

F2 0 -1 

F3 1 -1 

F4 -1 0 

F5 0 0 

F6 1 0 

F7 -1 1 

F8 0 1 

F9 1 1 
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A Statistical model incorporating interactive and polynomial terms was used to calculate 

the responses as follows: 

Y=b0+b1X1+b2X2+b12X1X2+ b11X1
2
+ b22X2

2
 

Where, Y is dependent, b0 is the arithmetic mean response of the all trials, and b1, b2,b12, 

b11 and b22 are the estimated coefficient for the corresponding factor X1,X2,X1X2, X1
2
, X2

2
 

which represents the average result of changing one factor at a time from its low to high 

value. The interaction term (X1X2) shows how the response changes when two factors are 

simultaneously changed. The polynomial term(X1
2
, X2

2
) are included to investigate the 

non-linearity. The polynomial equation & all the significant values were obtained by 

applying design expert software. 

7A.2.2.3 Evaluation of Factorial Batches of Liquisolid Compacts of CLN 

7A.2.2.3.1 Precompression Study  

Research and development involving liquisolid compacts for industrial scale, flowability of 

granulated liquisolid blend is an important criterion. Therefore, flowability and 

compressibility is prerequisite characteristics to be evaluated for prepared blend [31]. 

Several micromeritic properties such as angle of repose, bulk density, tapped density, 

Carr‟s index and Hausner‟s ratio were calculated to study the flow properties and 

compressibility of liquisolid admixture as per IP2007.Following equations were used for 

measurement of micromeritic properties. 

 

              
                

           
 

 

                
                 

             
 

 

              
(                             )      
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7A.2.2.3.2 Post Compression Study 

Hardness test [32] 

Hardness was measured using Monsanto hardness tester in terms of kg/cm
2
. Average 

hardness of three tablets was taken to study the reproducibility. 

Friability 

Friability was determined using Electrolab friability tester and was expressed in percentage 

(%). Ten tablets were carefully dedusted prior to testing and weighed accurately (W0). The 

tablets were placed in drum of friability tester. The drum was rotated for 100 times at a 

speed of 25 RPM. The tablets were collected, dedusted and accurately weighed (W1) the 

percentage loss in tablet weight before and after 100 revolutions were calculated and taken 

as a measure for friability. 

 

  Fria ility  
 nitial weight  Final weight 

 nitial  eight
       

Weight variation test 

For assessment of weight variation, 20 tablets were weighed and average weight was 

measured. % Weight variation of the individual tablet was measured and % deviation form 

mean was calculated.  

 

                   
                                  

                 
      

Disintegration time 

The in vitro disintegration time (DT) of the liquisolid tablets was measured using 

disintegration test apparatus. A tablet was placed in each of the six tubes of the apparatus 

and a disc was added to each tube and then it was suspended into 1000 mL glass beaker 

containing 900 mL of distilled water maintained at temperature of 37±0.5°C. The time 

taken for complete disintegration of the tablet with no palatable mass remaining in the 

apparatus was measured in seconds. 

Content uniformity test 

The test for uniformity of content of single-dose preparations is based on the assay of the 

individual contents of active substance(s) of a number of single-dose units to determine 
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whether the individual contents are within limits set with reference to the average content 

of the sample. Ten tablets were taken individually and crushed to powder with a mortar 

and pestle. Powder of each tablet was taken in 100 mL volumetric flask, and volume was 

made up to mark with Methanol. After sonication for 15 minutes, the solution was filtered 

and filtrate was diluted appropriately with Methanol. Diluted solutions were measured at 

240 nm in Double beam UV-Vis Spectrophotometer. The test was performed as per 

European Pharmacopoeia. 

7A.2.2.3.3 In vitro Dissolution Testing  

The dissolution of CLN liquisolid compacts and marketed product were carried out in USP 

dissolution apparatus II using 900 mL of 1 % SLS solution as dissolution medium. 

Throughout the dissolution test, dissolution medium was agitated at 75 rpm and 

temperature was maintained at 37 ± 0.5 ° C. At predefined time intervals 5 mL of 

dissolution medium was withdrawn and few mL were discarded. Remaining dissolution 

medium was filtered through 0.45 µm membrane filter and was analysed at 242 nm using 

Double beam UV-Vis Spectrophotometer taking 1% SLS as blank. All the measurements 

were done in triplicate. 

Dissolution profiles of optimized liquisolid compact and marketed product were compared 

statistically using model independent approach and model dependant approach [33].  

Model independent approach 

A model-independent approach based comparison of dissolution profiles was applied using 

similarity factor (f2) and dissimilarity factor (f1), which were calculated using following 

equations [1,9]: 

          *,  
 

 
∑      

 

   

-          + 

 

Where n is the number of dissolution sample times, Rt and Tt are dissolution rate of 

standard product and dissolution rate of test product at time t respectively. An f2 value of 

50 or greater confers sameness or equivalence of the two dissolution release patterns and in 

turn the performance of the two products. f1 is the Dissimilarity factor that calculates the 

difference in percentage dissolved between reference and test at various time intervals.  
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Model dependent method 

The drug release from optimized liquisolid compacts was analysed by different 

mathematical models such as zero order, first order, Hixson-Crowell, Peppas and Matrix 

models [9]. 

Dissolution Efficiency (D.E.) 

The dissolution efficiency (DE) of a pharmaceutical 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 in the same time. 

      
∫       

 

 

      
         

Where, y is the percentage of drug dissolved at time t. 

7A.2.2.4 Validation of Experimental design 

An extra check point formulation was prepared to validate the experimental design. The 

values for particle size, % CDR30, angle of repose and disintegration time were predicted 

by their respective polynomial equations. The check point batch had the composition with 

the levels as X1: 89.54 mg and X2: 11.32. The experimental values were determined by 

evaluating the dependent variables. The predicted and experimental values of the responses 

were compared for statistical significance using t-test at 95% confidence interval (p < 

0.05). 

7A.2.2.5 Evaluation of optimized batch of Liquisolid Compacts 

Optimized batch of Liquisolid compacts obtained from validated model of 3
2
 factorial 

design was evaluated for Precompression properties (as described in section 7A.2.2.3.1), 

Post compression properties (as described in section7A.2.2.3.2), in vitro release (as 

described in section7A.2.2.3.3) and saturation solubility (as described in section 6A.3.3.3).  

7A.2.3 Solid State Characterization of Liquisolid compacts 

Solid state characeterisation of optimized Liquisolid compact of CLN was performed by 

FTIR, DSC, SEM and PXRD. 
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7A.2.3.1 Fourier transform-infrared (FT-IR) spectroscopy 

IR spectra of CLN, Neusilin US2, Cab-O-Sil, physical mixtures and  liquisolid blend were 

recorded using FT-IR spectrophotometer (Bruker Alpha-One, BrukerOptik, Germany) in 

the range of 4000–500 cm
−1

 and compared for any significant change [34]. The samples 

were mixed with KBr and pressed to form a pallet which was then analysed by the FTIR 

instrument. 

7A.2.3.2 Differential Scanning Calorimetry 

The possible drug excipient interaction was investigated by differential scanning calorimetery 

(DSC). DSC measurements were performed on DSC60 Shimadzu, japan. Thermal behaviour 

of the samples was investigated under rate of 10 °C/min, covering a temperature range of 50 to 

300°C under inert atmosphere flushed with nitrogen at a rate of 10 c/min using empty pan as a 

reference. 

7A.2.3.3 Scanning Electron Microscopy 

Morphological evaluation of CLN, Neusilin US2 and Neusilin US2 loaded with CLN was 

studies with the help of photograph taken on Scanning Electron Microscope (JSM 6380 

LV, JEOL, Japan). 

7A.2.3.4 Powdered X Ray Diffraction 

To assess the degree of crystallinity of the Liquisolid compacts, Powdered X-ray 

diffraction (PXRD) analysis was carried out for pure CLN, Physical mixture of CLN and 

Neusilin US2 and the optimized blend of liquisolid admixture. The X-ray diffraction 

patterns were obtained using X-RD (Bruker AXS D8, Germany).The diffraction profiles 

were taken using Cu target and CuK α radiation of 1.54 °A wavelength. The powder 

samples were scanned within the 2θ range of 5° and 60° at a scan speed of 3° per min. and 

a power rating of 40 mA and 45 kV. 
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7A.2.4 Stability and Photostability Study of Optimized Liquisolid Compacts 

Stability study of optimized liquisolid compact was performed as per the procedure 

described in section 6A.3.5. Photostability of liquisolid compacts were performed in the 

tablet form as well as in the solution form. 

7A.3 Results and Discussion 

7A.3.1Preliminary Study  

For successful formulation of liquisolid compacts, an appropriate selection of non-volatile 

solvent, carrier material and coating material was done. Also the amount of every 

component plays an important role in formulation. Preliminary studies were carried out to 

select the components correctly. 

7A.3.1.1 Selection of Non-Volatile Solvent 

Solubility of CLN in different non-volatile solvents (Table 7A.5) suggests that the 

solubility of CLN is more than pure CLN in all the non-volatile solvents.  

TABLE 7A.5 Solubility of CLN in different non-volatile solvents* 

S.N. Solvent  Solubility (mg/mL) 

1.  Water 0.00148 ± 0.22  

2.  Propylene Glycol  1.52 ± 0.12  

3.  PEG- 200  9.48 ± 0.36  

4.  PEG-400  9.94 ± 0.66  

5.  PEG-600  12.85 ± 0.43  

6.  Transcutol HP 192.6 ± 0.33  

*Data expressed at Mean±SD (n=3) 

Out of all the non-volatile solvents evaluated, Propylene glycol showed least solubility of 

1.52 mg/mL whereas maximum solubility of 192.6 mg/mL was observed in Transcutol HP. 

Hence Transcutol HP was selected as a suitable non-volatile solvent to disperse and 

dissolve CLN for liquisolid compact formulation. 
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7A.3.1.2 Selection of Carrier and Coating Material based on Flowable Liquid 

Retention Potential 

Angle of slide is an important criterion for formulation of compressed tablets and used to 

calculate flowable liquid retention potential [5]. Carrier and coating material are integral 

part of the liquisolid system. Change in angle of slide of carrier/coating material changes 

the bulkiness of tablet. Adsorption of liquid medication on carrier/coating material can 

greatly influence angle of slide of Liquisolid admixture. Thus, the liquid retention potential 

corresponding to angle of slide of 33 º [35] is considered to have optimal flowable powder 

property. Also the higher liquid retention potential of carrier/coating material leads to less 

amount needed for tablet preparation. Measured angle of slide of various carrier and 

coating materials are depicted in Table 7A.6 and 7A.7. The value obtained suggests that 

Neusilin US2 has maximum flowable retention potential 0.988 keeping the angle of slide 

low as compared to other carrier material used i.e. Dicalcium Phosphate, Avicel PH101 

and Avicel PH102( Fig. 7A.1). 

TABLE 7A.6 Results for Φ value for carrier materials (ΦCA) 

Dicalcium 

Phosphate 

Avicel PH 101 Avicel PH 102 Neusilin US2 

Angle 

of 

Slide 

(θ) 

 

Liquid 

retention 

potential(Φ) 

Angle 

of 

Slide 

(θ) 

 

Liquid 

retention 

potential(Φ) 

Angle 

of 

Slide 

(θ) 

 

Liquid 

retention 

potential(Φ) 

Angle 

of 

Slide 

(θ) 

 

Liquid 

retention 

potential 

(Φ) 

27.02 0.049 32 0.049 24.44 0.049 25.20 0.039 

28.8 0.098 32.31 0.098 27.94 0.098 27.14 0.197 

30.96 0.148 36.76 0.148 29.12 0.148 29.74 0.395 

33.42 0.197 36.96 0.197 30.73 0.197 33.25 0.671 

35.37 0.247 37.33 0.247 33.86 0.247 38.65 0.908 

38.89 0.296 38.21 0.296 37.6 0.296 40.39 0.988 
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FIGURE 7A.1 Comparison of ΦCA in Transcutol HP 

 

For coating materials different coating materials such as Aerosil, Aersoli 200 and Cab-O-

Sil were screened for flowable liquid retention potential. As the liquid retention potential 

increases, corresponding angle of slide also increases for all the coating material selected 

(Table 7A.7).  

Maximum liquid retention potential of 0.988 retaining 33 º of angle of slide was shown by 

Cab-O-Sil (Fig. 7A.2). 

 

TABLE 7A.7 Results for φ value for coating materials (φCO) 

Aerosil Aerosil 200 Cab-O-Sil 

Angle of 

Slide (θ) 

 

Liquid 

retention 

potential(φ) 

Angle of 

Slide (θ) 

 

Liquid 

retention 

potential(φ) 

Angle of 

Slide (θ) 

 

Liquid 

retention 

potential(φ) 

27.45 0.247 30.51 0.247 27.12 0.247 

28.39 0.494 32.88 0.494 29.39 0.494 

30.56 0.741 33.64 0.741 30.91 0.741 

33.11 0.988 35.46 0.988 33.98 0.988 

34.33 1.235 37.67 1.235 35.02 1.235 

37.67 1.482 40.64 1.482 38.26 1.482 
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FIGURE 7A.2 Comparison of φCO in Transcutol HP 

 

Hence for designing of liquisolid compact formulation of CLN Neusilin US2 was selected 

as carrier material and Cab-O-Sil was selected as coating material while using Transcutol 

HP as non-volatile liquid. 

7A.3.1.3 Determination of Liquid Load Factor (Lf) 

Using R value for Neusilin US2 and Cab-O-Sil, following equation was generated based 

on the mathematical model explained by Spireas et al [9].The amount of liquid retained by 

the carrier and coating material for a liquisolid system is dependent on the excipient ratio 

and to maintain the acceptable flow and compression properties, this should not exceed 

from the maximum possible limit. 

               
 

 
 

Liquisolid powder admixtures were prepared with different Carrier to Coating ratio of 5, 

10 and 15 based on literature review. 

7A.3.1.4 Determination of amount of Carrier and Coating material 

In a liquisolid system, the amount of liquid retained by the carrier and coating materials 

depends on the excipient ratio (R) while maintaining acceptable flow and compression 

properties. Preparation of a liquisolid system with an acceptable flow rate and 

compressibility is possible when a maximum amount of retained liquid of the carrier 
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material is not exceeded. This characteristic amount of liquid is termed as liquid load 

factor (Lf). To calculate the loading factor, liquid medication without drug was added to 

10 g carrier material and blended for 1 min. The above procedure was repeated until a 

powder with acceptable flow rate was obtained. Weight of Neusilin US2 and Cab-O-Sil 

needed for liquisolid compact formulation was calculated from the equation relating liquid 

load factor and φ Value of Carrier and Coating material. 

7A.3.2 Preparation and Evaluation of Liquisolid Compacts of CLN 

7A.3.2.1 3
2
 full factorial design for formulation of liquisolid compacts 

Liquisolid Compact of CLN was prepared using Transcutol HP as a non-volatile solvent, 

Neusilin US2 as a carrier material and Cab-O-Sil as a coating material. 3
2 

full factorial 

design was applied to evaluate individual an combined effect of weight of Transcutol HP 

and Neusilin US2 to Cab-O-Sil ratio on the dissolution of the CLN from liquisolid compact 

and angle of repose. Total 9 runs were carried out using weight of non-volatile liquid and 

Carrier to coating ratio as independent variable at three levels and Cumulative Drug 

Release at 30 min (CDR30), Angle of Repose and Disintegration time as dependent 

variables. Overview of matrix of 3
2 

full factorial design including dependent variable 

responses (i.e., CDR30, AR and DT) is presented in Table 7A.8. 

TABLE 7A.8 Full factorial design along with coded value, actual value used for optimization 

of process variable and result of dependent variable obtained 

S. 

N. 

Batc

h No. 

Coded Value Actual Value 
Cumulativ

e Drug 

Release 

(CDR 30) 

Angle 

of 

repose 

(AR) 

Disintegrati

on time 

(DT) 

Weight of 

liquid 

medicatio

n (mg) 

Carrie

r to 

coatin

g ratio 

Weight of 

liquid 

medicatio

n (mg) 

Carrier 

to 

coating 

ratio 

1 F1 -1 -1 49.4 5 36.51 28.35 161.33 

2 F2 0 -1 74.1 5 66.99 32.20 152.66 

3 F3 +1 -1 98.8 5 87.29 33.46 140.33 

4 F4 -1 0 49.4 10 46.81 29.50 243.66 

5 F5 0 0 74.1 10 83.00 32.50 185.33 

6 F6 +1 0 98.8 10 90.07 33.96 149.33 

7 F7 -1 +1 49.4 15 60.43 31.27 223.00 

8 F8 0 +1 74.1 15 87.14 32.00 281.33 

9 F9 +1 +1 98.8 15 92.12 32.80 242.66 
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The data obtained clearly shows that dependent variables are strongly dependent on the 

independent variables. 

7A.3.2.1.1 Precompression Study of Factorial Batches 

Liquisolid admixtures for CLN were prepared according to 3
2
 full factorial design taking 

different Lf
  
values. The physical characteristics of flow properties such as angle of repose, 

Carr‟s index and Hausner ratio can help in analysing compressibility and flowability of 

Liquisolid admixtures [36]. Liquisolid powders with an angle of repose (θ°) in the range of 

25°–35° were considered as powders possessing acceptable flow properties [31] . 

Moreover, powders having Carr‟s index (C  %) below 25 were considered to have good 

flow properties and could be successfully compressed into tablets with uniform weight [5]. 

In addition, powders with low interparticle friction, having HR less than or equal to 1.25, 

indicated good flow [37]. 

 

The results of Angle of repose, Carr‟s  ndex and Hausner Ratio o tained for all factorial 

batches are depicted in in Table 7A.9. It is evident from the results that with selected 

values of independent variables, for all the Lf values demonstrated satisfactory results for 

the flowability and compressibility. The pre-compression parameters results showed that as 

amount of Transcutol HP and ratio of carrier to coating material increases there was 

increase in Hausner‟s Ratio, Carr‟s  ndex and Angle of repose. Except F9 , all the other 

liquisolid formulation showed satisfactory angle of repose in range of 28.3 to 33.9 showing  

optimum flow property. Variation in the angle of repose can be observed due to presence 

of Transcutol HP in the formulation. F9 formulation had a highest angle of repose because 

of high amount of Transcutol HP. 

 

From the Precompression study it is evident that as the ratio of carrier to coating material is 

increased flow property is improved, this is because Neusilin US2 and Cab-O-Sil both are 

having very good flow properties and also Cab-O-Sil is antistatic in nature. It is observed 

that as the amount of Cab-O-Sil is increased the compressibility increases. 
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TABLE 7A.9 Precompression parameter for CLN Liquisolid Compacts of factorial batches* 

Batch 

code Bulk density 

Tapped 

density 

Angle of 

repose Carr's index 

Hausner 

ratio 

F1 0.146±0.0004 0.167±0.0004 28.3±0.12 12.52±0.035 1.14±0.0004 

F2 0.157±0.0016 0.179±0.0016 32.2±0.29 12.29± 0.112 1.14±0.0014 

F3 0.161±0.0004 0.181±0.0004 33.4±0.44 11.02±0.028 1.12±0.0003 

F4 0.151±0.0008 0.179±0.0012 29.5±0.24 15.95±0.162 1.18±0.0022 

F5 0.181±0.0016 0.207±0.0016 32.5±0.24 12.56±0.099 1.14±0.0012 

F6 0.170±0.0004 0.206±0.0004 33.9±0.38 17.44±0.039 1.21±0.0005 

F7 0.174±0.0008 0.200±0.0008 31.2±0.24 13.00±0.053 1.14±0.0007 

F8 0.182±0.0008 0.207±0.0012 32.0±0.40 12.21±0.159 1.13±0.0020 

F9 0.187±0.0012 0.224±0.0012 35.8±0.18 16.46±0.091 1.14±0.0671 

      *Data expressed at Mean±SD (n=3) 

7A.3.2.1.2 Post Compression Study of Factorial Batches 

All liquisolid compacts formulated were subjected to post compression parameter study as 

shown in Table 7A.10.  

 

TABLE 7A.10 Post Compression Parameters of Liquisolid Systems of factorial batches* 

Batch 

code 

Hardness 

(Kg/Cm
2
) 

Friability (%) 
Disintegration 

time (Sec) 

Assay 

(%w/w) 

Weight 

Variation 

(mg) 

F1  3.1 ± 0.06 0.260 ±0.158 161.33±3.85 100.19±0.93 151.24±0.53 

F2  3.2  ± 0.06 0.369 ± 0.170 152.66±2.05 105.29±2.03 214.58±0.96 

F3  3.2  ± 0.05 0.710 ± 0.020 140.33±3.39 91.72±1.17 276.92±1.16 

F4  3.3  ± 0.04 0.770 ± 0.235 243.66±4.64 112.41±1.47 153.16±1.32 

F5  3.4  ± 0.05 0.190 ± 0.045 185.33±4.49 92.54±0.98 216.54±0.88 

F6  3.6  ± 0.07 0.200± 0.070 149.33±5.43 90.57±0.73 280.39±1.77 

F7  3.6  ± 0.05 0.350 ± 0.226 223.00±7.48 106.41±1.87 155.72±1.30 

F8  3.8  ± 0.07 0.890 ± 0.039 281.33±5.31 97.47±2.72 220.93±2.33 

F9  3.8  ± 0.06 0.630 ± 0.005 242.66±7.58 91.47±1.12 286.69±3.30 

      *Data expressed at Mean±SD (n=3) 
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According to the results obtained, all the tablets complied with the uniformity of weight 

test as per British Pharmacopoeia [38]. Also, all the compacts complied with content 

uniformity criteria wherein content of individual compacts were found between 85% and 

115% of the average content. Friability of all the formulation was less than 1% with no 

split or break. From the result of hardness and friability, it is confirmed that all 

formulations can withstand handling, packaging and transportation [39]. 

7A.3.2.1.3 In vitro Dissolution study of Factorial Batches 

Drug release profiles of all liquisolid formulations were compared with pure CLN as shown in Fig 

7A.3. Liquisolid Compacts containing CLN exhibited better drug release profile as compared to 

pure drug. Data of drug release profile Table 7A.12 suggests that higher release is obtained with the 

high amount of the Transcutol HP in F3, F4 and F6 with more than 80% release in 30 mins. This is 

because higher concentration of Transcutol HP improves the molecular dispersion of CLN 

thereby enhancing the penetration of dissolution media. From the dissolution profile it is 

clear that pure CLN shows only 50.19 ± 1.14 % drug release in 60 min which is the 

indication of poor dissolution. However all the factorial batches of liquisolid exhibited 

more than 50 % release of CLN at 60 min. Batches F1, F4 and F7 had lower drug release as 

compared to other formulations as the amount of Transcutol HP in these batches was 

lowest i.e. 49.4 mg. Dissolution of batch F3, F5, F8 and F9 was more than 80% in first 30 

min. This is attributed to the synergistic effect of more amount of Transcutol HP and 

higher ratio of Carrier: Coating material in the factorial batches of these formulations. Out 

of all the batches fastest dissolution was achieved by F9, which release nearly 100 % of 

drug in 45 min. 

The improvement in the dissolution rate of CLN form liquisolid compacts is explained by 

the „„Noyes– hitney‟‟ equation, as depicted below. 

 

  

  
    

(    )

 
 

 

Where, 

  

  
 = Dissolution rate of the drug particle 
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D= Diffusion coefficient of the dissolved drug particle 

S= Surface area exposed to dissolution 

Cs= Saturation solubility of the drug 

C= Concentration of drug in dissolution medium 

h=thickness of diffusion layer  

Diffusion coefficient and thickness of the stagnant diffusion layer is constant for all the 

dissolution tests as all were carried out at a constant rotational speed and at same 

temperature. Hence, drug release rate is directly dependent on surface area of drug 

available for dissolution medium (S) and drug concentration gradient in the diffusion layer 

(CS - C). As CLN is dissolved in Transcutol HP in liquisolid compacts, its particle size is 

greatly reduced and leads to high surface area which is available for dissolution. Moreover 

surface property of liquid vehicle used allows wetting of drug particles by decreasing 

interfacial tension between liquisolid compacts and dissolution medium. The combined 

effect of the factors leads to increase in dissolution of CLN from liquisolid compacts [5]. 

 

Dissolution Efficiency at 30 min and Mean Dissolution Time of all factorial batches are 

depicted in Table 7A.11.  The results demonstrates that all the batches of liquisolid 

compounds have higher DE30 and Lower MDT as compare to CLN pure. This observation 

concludes that incorporating CLN in the liquisolid compact form increases its dissolution 

behaviour. 

TABLE 7A.11 Dissolution efficiency and Mean Dissolution time of Factorial Batches 

Batch Code DE30 (%) MDT ( Min) 

F1 59.43 22.47 

F2 38.73 18.93 

F3 47.69 14.27 

F4 55.89 12.17 

F5 49.36 15.83 

F6 54.24 14.91 

F7 70.52 13.81 

F8 59.43 15.64 

F9 38.73 13.04 

CLN 20.53 24.54 
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TABLE 7A.12 In vitro Release data of Factorial Batches* 

Time (min) F1 F2 F3 F4 F5 F6 F7 F8 F9 

0 0 0 0 0 0 0 0 0 0 

5 19.65±0.67 30.53±0.86 50.32±0.36 32.17±0.6 33.58±0.80 41.21±1.20 47.12±1.1 41.63±0.86 68.36±0.52 

15 28.11±0.84 36.55±0.96 60.08±0.65 44.70±0.89 44.72±0.90 55.38±1.10 53.95±0.94 52.91±0.96 72.97±0.63 

30 36.51±0.35 66.99±1.45 87.29±0.49 46.81±0.75 82.63±0.70 90.07±1.30 60.43±0.67 87.14±1.45 92.12±1.42 

45 52.87±1.40 71.83±0.98 90.25±1.63 50.88±1.1 84.69±0.56 92.32±1.80 65.36±0.38 92.36±0.98 100.23±1.12 

60 58.69±1.20 78.36±1.23 93.23±1.80 52.96±0.7 86.74±0.47 94.89±1.40 69.69±0.83 94.58±1.23 100.85±1.50 

             *Data expressed at Mean±SD (n=3) 

 

 

FIGURE 7A.3 In vitro release profile of Factorial batches of Liquisolid Compacts of CLN
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Contour plot of drug release at 30 min (Fig 7A.3) demonstrates the effect of independent variables, 

weight of Transcutol HP and Neusilin US2 to Cab-O-Sil on dissolution. 

7A.3.2.1.4 Statistical Analysis of 3
2
 full Factorial Design for Formulation of Liquisolid 

Compacts  

Using Design Expert® Software version 10 (Stat-Ease, Inc., Minneapolis, USA), statistical 

experimental design for 3
2
 factorial design was evaluated [40]. The values of examined 

responses obtained for all trial formulations were fitted in the 3
2
 factorial design to get 

model equations for responses analysed. Quantitative effect of independent variable in the 

obtained equation are mean results obtained by changing one factor from its low to high 

value keeping another factor constant. Response surface methodology is a most practiced 

approach in the development and optimization of formulation variables [41].The 

polynomial equation obtained were visualised with the help of 3D response Surface 

Graphs.  

 

a.  Effect of formulation variables on CDR30 (Y1) 

The effect of formulation variables on the amount of drug release at 30
th

 minute (CDR30), 

is given in following equation. CDR30 in all the formulation batches varied from 36.51± 

0.35 to 92.12 ±1.42. 

Y1 (CDR30) = +80.99 +20.96 * X1+ 8.15 *X2 - 4.77 * X1X2 -10.72 *X1
2
 – 2.09 * X2

2
 

Both dependent variables have positive and significant (p< 0.05) effects on CDR30.This 

concludes that increase in weight of Transcutol HP and Neusilin US2 to Cab-O-Sil ratio 

will increase the drug release from the liquisolid formulation. The extent of effect is 

variable as the coefficient value of X1 is found higher than that of X2. This may be 

attributed to more amount of non-volatile liquid available for solubilisation of CLN. 

Similarly increase in Carrier to coating material ratio lead to increase in surface area for 

complete adsorption of liquid medication owing to high surface area of Neusilin US2 and 

hence higher release. However as compared to independent variable X1, variable X2  has 

comparatively low effect on the amount of drug released at 30
th 

minute. The interactive 

effect of independent variables is negative suggesting that the effect of one of the variables 

differs depending on the level of the other variable. The relationship is clearly visible in the 

3D surface response curve and contour plot shown in Fig. 7A.3 [30].  
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Table 7A.13 enlists the statistics of the ANOVA obtained for the CDR30. The values 

obtained suggest that the values obtained for the model terms are significant 

TABLE 7A.13 Response surface Quadratic Model for Y1 (CDR30) 

Source Sum of 

Squares 

df Mean Square F Value p-Value prob 

˃F 

Model 3428.57 5 685.71 76.32 0.0005 

A 263.67 1 2634.67 293.23 <0.0001 

B 398.53 1 398.53 44.36 0.0026 

AB 91.11 1 91.11 10.14 0.0334 

A2 268.11 1 268.11 29.84 0.0055 

B2 10.23 1 10.23 1.14 0.3460 

Residual 35.94 4 8.98   

Lack of Fit 35.87 3 11.96 174.68 0.0555 

Pure Error 0.068 1 0.068   

Cor Total 3464.51 9    

 

b. Effect of formulation variables on Angle of Repose (Y2) 

Angle of repose measurement showed that all liquisolid admixtures corresponding to 

factorial design formulation had angle of repose value less than 33° suggesting good flow 

properties for each of them. The effect of formulation variables on the Angle of Repose is 

shown in following equation. 

Y2 (AR) = + 31.85 +1.85 * X1 + 0.34 * X2 – 0.89 * X1X2 

In the above equation both X1 and X2 bears positive sign, indicating that increase in the 

weight of Transcutol and Neusilin US2 to Cab-O-Sil ratio lead to increase in the Angle of 

Repose of the admixtures.  

While the interaction effect of both the independent variable is negative but it is very low 

in compare to individual variables and are insignificant terms. Table 7A.14 enlists the 

statistics of the ANOVA obtained for the Angle of Repose. The values obtained suggest 

that the values obtained for the model terms are significant [42]. 
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TABLE 7A.14 Response surface 2FI Model for Y2 (AR) 

Source Sum of 

Squares 

df Mean Square F Value p-Value prob 

˃F 

Model 24.45 3 8.15 18.81 0.0019 

A 20.53 1 20.53 47.41 0.0005 

B 0.71 1 0.71 1.63 0.2485 

AB 3.20 1 3.20 7.40 0.0347 

Residual 2.60 6 0.43   

Lack of Fit 2.60 5 0.52   

Pure Error 0.00 1 0.00   

Cor Total 27.05 9    

 

 

c. Effect of formulation variables on Disintegration Time (Y3) 

Effect of independent variable on the Disintegration Time is given by following equation.   

Y3 (DT) = + 196.50 -15.95 * X1 + 48.78 * X2 

Disintegration time was found in range of 140.33 ± 3.39 and 281.33 ± 5.31, suggesting that 

with all the formulation disintegration time of liquisolid tablet is satisfactory. Negative 

value of b1 suggests that increase in the weight of Transcutol HP decreases the 

disintegration time of the liquisolid compacts. Whereas, increase in the ratio of Neusilin 

US2 to Cab-O-Sil increases the disintegration time as shown by the positive sign on b2 

[43]. Table 7A.15 enlists the statistics of the ANOVA obtained for the disintegration time. 

The values obtained suggest that the values obtained for the model terms are significant 

TABLE 7A.15 Response surface Linear Model for Y3 (DT) 

Source Sum of 

Squares 

df Mean Square F Value p-Value 

prob ˃F 

Model 15804.41 2 7900.71 10.55 0.0077 

A 1525.46 1 1525.46 2.04 0.1965 

B 14275.95 1 14275.95 19.07 0.0033 

Residual 5240.27 7 748.61   

Lack of Fit 5240.27 6 873.38   

Pure Error 0.000 1 0.000   

Cor Total 21041.68 9    

For all the dependent variables, the relationship between dependent and independent 

variables was further analysed by creating contour plots and 3D Surface plots. The effects 



CHAPTER 7A                                                     LIQUISOLID COMPACTS OF CLN 

 

 

Page 231 
 

 

of X1 and X2 and their interaction on CDR30, Angle of Repose and Disintegration time are 

depicted in Fig. 7A.3. Finally, the responses obtained for all formulation parameters were 

predicted and compared with experimental values. 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

Figure 7A.4 (a) Contour plot for CDR30 (b) 3D response plot for CDR30 (c) Contour plot for 

Angle of Repose (d) 3D response plot for Angle of Repose (e) Contour plot for Disintegration 

time (f) 3D response plot for Disintegration time 
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Comparison of predicted and experimental values demonstrates the extent of data fitting to 

model. When all data points lie on the 45 ° diagonal line, a perfect fit of model and data is 

obtained [30]. Regression coefficient for all the three responses displayed very close 

agreement ( R
2
 = 0.9896, R

2
 = 0.9162 , R

2
 = 0.7510 ) and data points lay on diagonal line 

of 45 ° which indicates the good fit of the  model. Also the difference between predicted 

and actual values was less than 0.2 which prove that the developed model is valid and can 

be used to study correlation between the process and the response variables. 

7A.3.2.1.5 Experimental Validation of design space for 3
2
 Full Factorial Design 

The multivariate combination and interaction of independent variables and process 

parameters that have been demonstrated to provide assurance of quality is termed as design 

space [45]. Common region for successful operation of three responses is known as design 

space and it is shown as yellow region in the overlay plot (Fig 7A.5 (b)) and used for 

graphical optimization. Numerical optimization of the responses with different targets was 

done by desirability function (Fig 7A.5 (a)). The recommended concentrations of the 

independent variables were calculated by the Design Expert software from the above plots 

with the highest desirability near to 1.0. 

 

  
(a) (b) 

FIGURE 7A.5 (a) Desirability plot (b) Overlay plot for optimization of Liquisolid compacts 
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Validation of 3
2
 full factorial design was done by preparing the check point batch (Fopt) as 

suggested by DoE software. Using design expert software and overplay plot, optimized 

batch of CLN Liquisolid compacts were obtained with the level of X1 and X2 as 89.51 and 

11.37 respectively The observed values (CDR30 92.31, AR 32.49 and DT 196.74) were 

close to predicted values (CDR30 91.12, AR 32.95 and DT 199.93). The prediction error 

observed was minimal 1.3 %-1.6 %, which established the reliability of the optimization 

process.  The formula used for check point was considered as the optimum formula for 

liquisolid compact formulation to enhance dissolution of CLN. The detailed formula for 

the same is given in Table 7A.16. 

TABLE 7A.16 Formula for optimized liquisolid compact (FOPT)   based on desirability and 

overlay plot 

Formula FOPT 

Amount of drug (mg)  10 mg 

Quantity of Transcutol HP  89.54 mg 

R (Carrier to coating material ratio) 11.37 

Lf (loading factor) 0.757 

Q (carrier material weight) 131.49 mg 

q (coating material weight) 11.56 mg 

Cross Carmellose Sodium 5% 

Magnesium Steareate 1% 

Weight of one tab 257.19 mg 

7A.3.2.1.6 Selection Optimized batch for Liquisolid Compacts of CLN  

The statistically optimized formulation of CLN Liquisolid Compacts (Fopt) fulfilled all the 

physicochemical criteria. The formulation was evaluated to find the experimental values of 

all dependent variables to confirm the theoretical estimate. The observed value of CDR30 

(92.31 % w/w), Angle of Repose (32.49 and Disintegration time (196.74 min) were in 

close agreement with the model predictions of CDR30 (91.12 % w/w), Angle of Repose 

(32.95 and Disintegration time (199.93 min). The relative errors (%) between the predicted 

and experimental values for each response were calculated and the values found to be 

within 5%. The experimental values were in agreement with the predicted values 

confirming the predictability and validity of the model. Based on the results obtained 
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formula for optimized Liquisolid compacts following formulation variables were 

considered as optimized and formula for optimized batch is given in Table 7A.16 

7A.3.2.1.7 Evaluation of optimized formulation of Liquisolid Compacts of CLN 

Liquisolid Admixture of CLN for optimized batch was prepared in accordance with the 

formula given in Table 7A.16.  

 

Pre compression Properties 

Pre compression properties are important parameters for the compaction of liquisolid 

ta lets. Carr‟s index  elow 15   shows good flowability and above 25% shows poor 

flowa ility. Value of Hausner‟s ratio  elow 1.25 is the indicator of god flowa ility and 

above that it shows poor flowable properties of powder. The result of flow properties of 

optimized liquisolid compact is shown in Table 7A.17. The result shows that the optimized 

liquisolid admixture is having good flowability. The angle of repose is below 33° which is 

between 31-35 and confirms the good flowability of liquisolid admixture. 

TABLE 7A.17 Pre compression parameters obtained for FOPT 

Pre compression parameter Obtained Value for Fopt 

Bulk density 0.184 ± 0.003 

Tapped density 0.214 ± 0.0040 

Angle of repose 32.49 ± 0.40 

Carr's index 14.08 ± 0.082 

Hausner ratio 1.16 ± 0.001 

*Data expressed at Mean±SD (n=3) 

Post compression Properties 

Hardness and friability are measured to determine physical strength of liquisolid compacts. 

The determined values of hardness and friability for factoarial batches of liquisolid 

compatcs are depicted in Table 7A.18.  Tablets with high values of hardness are generally 

prepared under high compression forces and have longer disintegration time. Hardness 3.6 

±0.04 of Fopt confers acceptable hardness with optimum disintegration time of 196.74 ± 

3.45 seconds. The hardness of tablet suggested that the tablet is hard enough to avoid 
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breakage during normal handling and soft enough to be disintegrated and release the active 

drug ingredient(s).  

TABLE 7A.18 Post Compression Parameters obtained for FOPT 

Post compression parameter Obtained Value for Fopt 

Hardness 3.6±0.04 

Friability 0.714±0.002 

Disintegration Time 196.74±3.45 

Assay 98.69±1.23 

Weight Variation 257.19±3.48 

         *Data expressed at Mean±SD (n=3) 

Also the friability of optimized liquisolid admixture is below 1%, suggesting that tablets 

can withstand the fracturing and attrition during normal handling, packaging and 

transporting processes. The assay of FOPT was found to be 98.69±1.23 % w/w. 

In vitro release  

The dissolution profiles of optimized liquisolid compact (FOPT) , pure CLN drug (CLN) 

and marketed tablet of CLN (MKT) is depicted in Fig. 7A.6.  

 

FIGURE 7A.6 In vitro release profile of FOPT, CLN MKT and CLN Pure 

 

Data corresponding to dissolution of FOPT, CLN MKT and CLN pure is also presented in 

Table 7A.19. It is concluded form the figure that, liquisolid compact showed better 

dissolution rate as compared to pure drug and marketed tablets. The percentage of CLN 

released from liquisolid compact is 60.58 ± 0.54 % and 92.31 ± 1.25% respectively at 5 and 

30 minutes. The maximum amount of CLN released from pure drug and marketed tablet 

was found to be 55.12±1.02 % and 71.21±1.14 respectively in 60 mins. The later shows 

0

20

40

60

80

100

0 20 40 60C
u

m
u

la
ti

v
e 

D
ru

g
 R

el
ea

se
 

(%
 w

/w
) 

Time (min) 

MKT

CLN

Fopt



CHAPTER 7A                                                     LIQUISOLID COMPACTS OF CLN 

 

 

Page 236 
 

 

incomplete release of drug as compared to 101.27± 0.60 % release from optimized liquisolid 

compacts. 

TABLE 7A.19 In vitro release data of FOPT, CLN MKT and CLN Pure 

Time (min) Fopt CLN MKT CLN Pure 

0 0 0 0 

5 60.58±0.54 24.69±0.9 14.89±0.45 

15 85.36±0.37 35.69±0.35 20.78±0.55 

30 92.31± 0.17 44.23±0.49 32.63±0.87 

45 97.31± 1.25 63.02±0.98 40.15±0.84 

60 101.27±0.60 71.21±1.14 55.12±1.02 

MDT (min) 11.77 22.39 24.54 

DE30 (%) 73.79 32.13 20.53 

   *Data expressed at Mean±SD (n=3) 

Similarity factor (f2) is used to interpret similarity between the dissolution profiles of 

optimized liquisolid compacts, pure CLN drug and marketed formulation of CLN. This 

approach is recommended by the FDA, the European Medicines Agency, and WHO 

[46].The similarity factor for the release of CLN form optimized liquisolid compacts was 

measured in comparison with pure drug and marketed tablet formulation both. The f2 

values were found to be 16.13 and 23.42, suggesting that dissolution profile of the 

optimized liquisolid compact is not similar to either of the pure drug and marketed product. 

TABLE 7A.20 Comparison of Dissolution profiles of FOPT with CLN pure and MKT CLN 

Comparison Similarity Factor Dissolution Profile 

Pure Drug and FOPT 16.13 Dissimilar 

Marketed tablet formulation and FOPT 23.42 Dissimilar 

  

Also the result obtained for MDT and DE30 depicted in Table 7A.19 indicates that 

optimized liquisolid compact has lowest MDT and highest DE30 confirming that the 

liquisolid compact formulation is showing better result in comparison with pure drug and 

marketed formulation. This proposed that the liquisolid technique can be a promising tool 

to enhance the dissolution of CLN because of various advantages such as simple 

preparation process, low production costs and possession of adequate stability. The 

similarity (f2) factor for CLN Pure and FOPT was found below 50 suggesting that 
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dissolution profile are dissimilar. Same observation was seen when dissolution profile of 

FOPT was compared to CLN marketed tablet dissolution profile (Table 7A.20). 

 

TABLE 7A.21 Regression Coefficient for model dependent release kinetics of FOPT, CLN pure 

and MKT CLN 

MODEL Linear Regression Coefficient 

 

CLN pure CLN MKT Fopt 

Zero order 0.9599 0.9141 0.6054 

First order  0.9649 0.9768 0.9972 

Higuchi 0.9703 0.9844 0.8472 

Hixon-Crowel 0.9715 0.9605 0.9183 

Korsemeyer and Peppas 0.9566 0.9637 0.9452 

 

Model dependent release kinetic regression result for CLN, MKT and FOPT is shown in 

Table 7A.21. The result shows that release of CLN from pure drug follows Hixon-Crowel 

model, from MKT follows Higuchi model, while from FOPT drug release follows First 

Order model. 

Saturation Solubility 

Saturation solubility of FOPT and CLN pure was found to be 0.0212±0.001 mg/mL and 

0.00418±0.0001mg/mL respectively. Solubility of FOPT was found to be 5.07 fold higher 

than that of CLN pure. This result concludes that nanosuspension approach effectively 

enhances the solubility of CLN. The increase in solubility is attributed to the formation of 

soluble drug adsorbent layer on the carrier material from which drug can easily transfers to 

the solvent and showing high availability. 

7A.3.3 Solid State Characterization of Optimized Liquisolid Compacts of CLN 

7A.3.3.1 FTIR study 

In order to evaluate any possible chemical interaction between CLN and excipients, FTIR 

spectra were obtained for CLN, Neusilin US2, Cab-O-Sil and optimized liquisolid 

Compact Formulation as depicted in Fig. 7A.6.  
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FIGURE 7A.7 FTIR Spectra of (a) CLN (b) Neusillin (c) Cab-O-Sil (d) Optimized Liquisolid 

Compact Formulation 

IR spectra of CLN clearly shows characteristic peak of N-H stretch (3289 cm 
-1

), C=O 

stretch (1697 cm
-1

), N-O stretch (1523, 1387 cm 
-1

)
 
and C-O stretch (1097 cm 

-1
). The band 

at 950 cm 
-1

, due to the Si- OH stretching mode is present in the FTIR spectrum of Cab-O-

Sil and can be used for diagnostic purposes in the modification process [46].FTIR spectra 

of Neusilin US2 shows broad stretch band at 3400-3000cm
⁻1

 due to the presence of a 

secondary amine. All the characteristic peaks of CLN, Neusilin US2 and Cab-O-Sil are 

present in the FTIR spectrum of optimized Liquisolid Compact Formulation suggesting 

that there is no significant chemical interaction takes place in the Liquisolid Compacts. 

However a decrease in the intensity of characteristic peak of CLN is clearly visible in the 

FTIR of Liquisolid Compacts which indicates that CLN is trapped inside the carrier matrix 

[30]. 

7A.3.3.2 Differential Scanning Calorimetry 

Thermal behaviour of the CLN, Physical mixture of CLN with Neusilin US2 and 

optimized liquisolid formulations have been shown in Fig. 7A.8.  
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FIGURE 7A.8 DSC thermogram of (a) CLN (b) CLN with Neusilin US2 (c) Optimized 

liquisolid compacts 

In thermogram of CLN, a sharp endothermic peak corresponding to the melting point of 

CLN appears at 106 ° C [47]. Same peak is observed in the thermogram of physical 

mixture of CLN and Neusilin US2 but with reduced intensity. Whereas no peak was 

obtained in the DSC thermogram of optimized Liquisolid Compact Formulation suggesting 

that the drug is in a completely solubilized state in the liquisolid system. The reason of this 

observation is the formation of solid solution in the liquisolid powder form which means 

that the drug is dispersed in the liquisolid matrix at molecular level [48].The absence of the 

endothermic peak can also be attributed to the suppression of thermal feature of the drug 

because of the formation of an amorphous solid solution [49]. 

7A.3.3.3 Scanning Electron Microscopy 

The SEM photograph of CLN, Neusilin US2 and liquisolid compacts are shown in Fig 

7A.9. Photograph of pure CLN shows needle like crystal structure of the drug as proven by 

DSC and PXRD. However, optimized liquisolid system showed that the pellets were 

spherical in nature with smooth surface and complete disappearance of CLN crystals was 
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observed [50]. The results imply that the drug was totally solubilized in non-volatile 

solvent used for Liquisolid Compact Formulation and hence drug is in molecularly 

dispersed state and enhanced drug dissolution [51, 52].  

 

FIGURE 7A.9 SEM images of (a) CLN (b) Neusilin US2 (c) CLN loaded Neusilin US2 

 

7A.3.3.4 Powdered X Ray Diffraction 

Crystalline structure and changes in crystalline structures are important factors that can 

affect the dissolution and bioavailability [2]. Powdered XRD pattern of CLN, Physical 

mixture of CLN and Neusilin US2 and Optimized Liquisolid Compact Formulation is 

shown in Fig. 7A.10.  XRD Spectrum of CLN shows characteristic peaks at numerous 2θ 

values of 5.73, 12.17, 14.40, 16.37, 18.85, 21.65, 23.83 and 28.22 confirming its 

crystalline structure. Similar peaks are present in the XRD pattern of physical mixture 

which proves that upon simply mixing no change in crystal characteristic is seen. Whereas 

XRD pattern of liquisolid compacts shows noticeable decrease in number and intensity of 

peaks of CLN. This is because of solubilisation of CLN in non-volatile liquid Transcutol 

HP le, and subsequent adsorption on Neusilin US2 and Cab-O-Sil [38, 44]. 
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FIGURE 7A.10 Powdered XRD pattern of (a) CLN (b) Physical Mixture of CLN and Neusilin 

US2 and (c) Optimized Liquisolid Compact Formulation 

7A.3.4 Stability Study and photo stability of Optimized Liquisolid Compacts 

Optimized batch obtained from Box Behnken design was subjected to stability study. The 

% drug content and % cumulative drug release obtained after storage at 40º C /75% RH is 

shown in Table 7A.22 and profile for the same is depicted in Fig. 7A.11. 

TABLE 7A.22 Drug content and in vitro dissolution stability data of FOPT after storage at 40º 

C /75% RH 

Time (min) 
Cumulative Drug Release 

Initial 60 days 120 days 180 days 

5 60.58 ± 0.54 59.63±0.74 59.12±0.39 58.64±0.88 

15 85.36 ± 0.37 70.69±0.93 70.14±0.87 69.37±1.26 

30 92.31± 0.17 91.74±1.02 89.94±0.96 88.61±1.31 

45 97.31± 1.25 96.74±1.14 95.87±1.18 94.76±1.68 

60 101.27 ± 0.60 99.14±1.03 98.45±1.23 97.68±1.35 

Similarity factor 

between initial 

release and release 

after stability 

- 
92.23 

Similar 

84.64 

Similar 

77.94 

Similar 

Drug Content 

(%w/w) 
99.1 ± 0.5 98.8 ± 0.4 98.4 ± 1.0 98.10 ± 0.7 

              *Data expressed at Mean±SD (n=3) 
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FIGURE 7A.11 Dissolution profile of optimized Liquisolid Compacts after stability study 

Drug content of solid dispersion was found to be in range of 97.10 to 98.1 after storage. 

Drug release after storage is also unaltered after storage. Similarity factor for all the 

duration studied for stability was in the range 50-100 indicating that the drug release 

pattern after stability is similar to the initial release. The results obtained for stability study 

indicates that the nanosuspension formulated is stable for six months. 

 

Photostability studies depicted major effect of UV light on solid state of CLN and its 

formulation while solution state was more sensitive to sunlight. Results of photostability 

confirmed the reported photostability issue of CLN and hence all the experiments were 

conducted in the amber colored glass apparatus. 

7A.4 Conclusion 

The study demonstrates that liquisolid compact technique could be a potential method to improve 

dissolution of poorly water soluble drugs as well formulating immediate release dosage forms. The 

results obtained from the 3
2
 factorial design in this study suggested that 89.54 mg Transcutol HP 

with 10 mg of CLN is the best formulation when carrier to coating ratio was taken as 11.37. The 

optimized batch showed acceptable values for pre- and post- compression parameters. The 

liquisolid compacts of optimized formula were successfully compressed without any difficulties. 

The prepared compacts showed improved dissolution compared to pure drug and marketed 
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formulation. Almost all the drug was release from the liquisolid compacts at the end of 60 mins 

showing better dissolution rate than the other two. 
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CHAPTER 7B 

Nanosuspension of Cilnidipine (CLN) 

7B.1 Introduction 

Nanosuspensions (NS) are biphasic systems consisting of pure drug particles dispersed in an 

aqueous vehicle, stabilized by surfactants with a particle size less than 1µm [1-3]. The 

saturation solubility of drug is increased when the drug is reduced to nanosize level. This is 

attributed to the increase in effective particle surface area as per Nernst Brunner-Noyes 

Whitney equation [4]. 

According to FDA, a nanoparticulate drug is considered as “non-generic” to an approved 

product and is patentable. Moreover it is considered as a “new drug” as it is not bioequivalent 

to a microcrystalline or solubilized drug administered in the same dose. Nanoparticle 

technology has a potential of product line extension for the existing drug formulations 

providing benefit to the pharmaceutical companies [5]. Drug nanoparticles have many 

advantages over liposomes and emulsions, as later are successfully used for formulation of 

water insoluble and lipid soluble compounds having high log P values, whereas on the other 

hand, nanoparticle strategy can be used effectively to formulate drugs that are insoluble in 

both water and lipids. In pharmaceutical field nanotechnology includes the area like 

nanosuspension (NS), nanoemulsion, self nanoemulsifying drug delivery system, solid lipid 

nanoparticle (SLN) etc. For the compounds having high crystal energy, the tendency of 

crystal to dissolve is reduced irrespective of solvent used. This problem is successfully 

overcome by NSs as they maintain the drug in a crystalline size sufficiently small to keep 

the drug in crystalline state acceptable for pharmaceutical applications. 

For preparation of nanosuspension, two types of approaches are widely used, ‘bottom up’ 

and ‘top down’. High pressure homogenization [6] and media milling [7] is successful top 

down technique whereas microprecipitation, micro emulsion, melt emulsification etc are 

bottom up techniques effectively used to formulate stable nanosuspension [8]. 
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One of the bottom up technique to produce nanosuspension is antisolvent precipitation [9] 

in which the drug is dissolved in a suitable solvent mixture followed by incorporation of the 

mixture to antisolvent solution with stabilizer maintained at low temperature under 

continuous stirring. Different polymers are used as a stabilizer to form hydrogen bonds with 

hydrophobic core of drug. Examples of such stabilizers are hydroxy propyl methyl cellulose 

& methyl cellulose [10], Povidone [11], poly vinyl alcohol [9] and poloxamer [12, 13]. 

CLN is a dihydropyridine calcium-channel blocker that inhibits cellular influx of calcium and 

causes vasodilatation. CLN inhibits both L-type and N-type calcium channels in different 

neurons [14, 15]. It has greater selectivity for vascular smooth muscle [16-18]. It has little or no 

action at the SA or AV nodes and negative inotropic activity is rarely seen at therapeutic doses. 

CLN is choice of CCB drug over nisoldipine and nifedipine for use in cardiac condition [19]. 

Clinical use of CLN is limited due to its low dissolution and poor oral bioavailability owing to 

poor water solubility.  Approaches such as inclusion complex with HP-β-CD [20], Solid 

dispersion [21], self-emulsifying drug delivery system (SEDDS) [22] and microemulsion [23] 

has demonstrated enhancement in solubility of CLN. However, no work related to 

nanoparticulate sytem has been reported for enhancement of solubility of CLN. The work in this 

section is focused upon reducing the particle size of CLN to nano size and thereby improving its 

solubility and dissolution which can in turn improve its oral bioavailability.  

Nanosuspension of CLN was prepared by bottom up technique [24]. The Plackett-Burman 

design was employed as the screening technique to determine the most significant factors 

that affected the formulation of nanosuspension of CLN using Design-Expert® software. 

Plackett-Burman (PB) [25] designs are used for screening experiments because, in a PB 

design, main effects are, in general, heavily confounded with two-factor interactions. The 

PB design in 12 runs, for example, may be used for an experiment containing up to 11 

factors. This design is very useful for economically detecting large main effects, assuming 

all interactions are negligible when compared with the few important main effects [26, 27]. 

Hence, these statistical tools helped in selecting the most important variables that can affect 

the formulation of nanosuspension. 

 

The final optimization of CLN nanosuspension was done by applying Box-Behnken design 

[28]. The Box-Behnken design is an independent quadratic design in that it does not contain 

an embedded factorial or fractional factorial design. In this design the treatment 

combinations are at the midpoints of edges of the process space and at the center. These 
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designs are rotatable (or near rotatable) and require 3 levels of each factor. The designs have 

limited capability for orthogonal blocking compared to the central composite designs. This 

is a very useful for developing a formulation as it requires less experimentation and provides 

assessments of the relative significance of different variables [29]. 

7B.2 Experimental work 

7B.2.1 Preparation and Evaluation of Nanosuspension of CLN 

Out of different methods available for the preparation of nanosuspension, high speed 

homogenization method is previously investigated by Dabhi D. and Patel D [30] for CLN. 

In present study, bottom up technique using precipitation followed by ultrasonication was 

used for the preparation of nanosuspension of CLN. 

7B.2.1.1 Bottom Up Technique for Preparation of Nanosuspension of CLN 

The preparation of Nanosuspension of CLN was done by precipitation-ultrasonication 

method (Fig.7B.1). CLN was dissolved in methanol at different drug concentrations (10-30 

mg/mL). Poloxamer 188 (1-2 % w/v) was dissolved in water to obtain antisolvent with 

different concentrations. Tween 80 (0.2 -0.4 % w/w) was used as a surfactant to improve the 

stability of nanosuspension in the aqueous phase (anti solvent phase). Antisolvent was 

cooled to 3°C and agitated under propeller mixer at different speeds (1000-3000 rpm). To 

this antisolvent, drug solution was added using syringe. The addition of drug solution was 

completed as per the rate of 1 mL/min. After the complete addition of drug solution, resulting 

mixture was subjected to probe sonication with Vibra cell-Sonics (Inkarp) at different 

ultrasonic amplitude (50-80 %) for different time periods (10-15 minutes). The ultrasonic 

probe of 13 mm diameter was dipped at the length of 10 mm in the liquid which resulted in 

the wave that travels downwards and reflect back upwards. During sonication process, 

temperature of nanosuspension was maintained to 3°C using ice-water bath.  
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FIGURE 7B.1 Solvent-antisolvent  sonoprecipitation method for preparation of CLN 

nanosuspension 

Image source: Kassem MA, ElMeshad AN, Fares AR., 2017 May 1, Enhanced solubility and 

dissolution rate of lacidipine nanosuspension: formulation via antisolvent sonoprecipitation 

technique and optimization using Box–Behnken design, AAPS PharmSciTech,18(4):983-96. 

 

7B.2.1.2 Freeze Drying of Nanosuspension 

The nanosuspension obtained was subjected to freeze drying using Mannitol as a 

cryoprotective agent. The 10% w/v solution of Mannitol in MilliQ water was filtered through 

0.22 µm filter and combined with the nanosuspension obtained in above step. The sample 

was filled in glass vials and subjected to freeze drying at -80°C in (Sanyo Ultra Low 

Temperature Freezer LV, Sanyo Electric Biomedical Co., Ltd., Japan) for 6 h followed by 

freeze drying in Labtech® Freeze Dryer, LFD-5508, Daihan Labtech Co. Ltd., Korea for 24 

hours. 
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7B.1.1.3 Screening of Critical Factors Influencing Nanosuspension using Plackett and 

Burman Design 

During the formulation of nanosuspension of CLN, it was found that there are many 

formulations and process related factors that can affect the formulation of nanosuspension. 

Literature suggested that if there are many factors that can affect the formulation of 

nanosuspension, the influence of critical formulation and process parameter can be found by 

applying appropriate statistical design [24, 31]. Screening of these formulation and process 

related factors by trial and error technique is time consuming and can be inaccurate at times. 

Hence, in order to formulate the nanosuspension of CLN, most significant factors were 

selected by implementing the Plackett-Burman design. Seven different factors were selected 

within their respective ranges for the formulation of nanosuspension, to evaluate their effect 

on the chosen responses, as shown in Table 7B.1. The parameter level ranges were selected 

based on preliminary experiments and prior knowledge about the system through literature 

survey.  

 

TABLE 7B.1 Variables and their levels in Plackett–Burman screening design-of-experiments 

for CLN Nanosuspension 

Symbol 

Code 
Factors 

Experimental values 

Low value (-1) High Value (1) 

X1 
Concentration of polymer 

(Poloxamer 188) (%) 
1 2 

X2 Solvent to antisolvent ratio 0.05 0.1 

X3 Concentration of Drug (mg) 10 30 

X4 Agitation Speed (rpm) 1000 3000 

X5 Amplitude of sonication (%) 50 80 

X6 Time of sonication (min) 10 15 

X7 Concentration of Tween 80 (%) 0.2 0.4 

 

Design-Expert® software (trial version 9.0.6, Stat-Ease) was used to apply Plackett–Burman 

design with 12 runs, as shown in Table 7B.2. The average particle size (nm) and release at 
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30 minutes (%) were taken as dependent variable and the statistic was applied to find the 

most critical factors affecting the formulation of CLN Nanosuspension.  

TABLE 7B.2 Coded values of Plackett–Burman design experimental matrix for CLN 

Batch

es 

X1 

Conc of 

polymer 

(Poloxam

er 188) 

X2 

 

Solvent 

to 

antisolve

nt ratio 

 

X3 

 

Concentrati

on of Drug 

X4 

 

Agitati

on 

Speed 

X5 

 

Amplitu

de of 

sonicatio

n 

X6 

 

Time of 

sonicati

on 

X7 

 

Concentrati

on of 

Tween 80 

PB-1 -1 -1 -1 1 -1 1 1 

PB -2 -1 1 1 -1 1 1 1 

PB -3 -1 1 1 1 -1 -1 -1 

PB -4 1 1 -1 1 1 1 -1 

PB -5 -1 -1 -1 -1 1 -1 -1 

PB -6 -1 1 -1 1 1 -1 1 

PB -7 1 -1 1 1 1 -1 -1 

PB -8 -1 -1 1 -1 1 1 -1 

PB -9 1 -1 -1 -1 1 -1 1 

PB -

10 
1 1 -1 -1 -1 1 -1 

PB -

11 
1 1 1 -1 -1 -1 1 

PB -

12 
1 -1 1 1 -1 1 1 

7B.2.1.4 Optimization of CLN Nanosuspension by Box–Behnken Design 

Plackett–Burman (PB) screening design facilitated the identification of crucial factors, 

affecting the formulation of CLN Nanosuspension. Considering the identified factors, a 

response surface method, three-factor, three-level Box–Behnken design was applied for the 

final optimization of Nanosuspension of CLN [31].  

The concentration of drug (mg/mL of organic phase), time of sonication (min) and 

concentration of Tween 80 (%w/v) were taken as independent factors. Whereas, particle 

size, release at 30 min and entrapment efficiency were considered as dependent responses. 

The low and high levels of independent factors were directly adopted from the Plackett–
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Burman design and the medium levels were set as the midpoint of low and high levels (Table 

7B.3). In addition, four other factors, which were evaluated in Plackett– Burman design, 

were set at a fixed level (Poloxamer-1%, Solvent to antisolvent ratio 0.1, speed of agitation 

1000 rpm and sonication amplitude 65%), in Box–Behnken design as their effects on the 

response variables seemed statistically insignificant as per the results obtained from 

Plackett–Burman design.  

TABLE 7B.3 Factors and their investigated levels in Box-Behnken Design  

Independent Variables Level 

Lower level  Medium level Upper level 

Conc. of drug (mg/mL of 

organic phase)(X1) 

-1 

(10) 

0 

(20) 

1 

(30) 

Time of sonication (min) (X2) 
-1 

(10) 

0 

(12.5) 

1 

(15) 

Conc. of Tween 80(%w/v) 

(X3) 

-1 

(0.2) 

0 

(0.3) 

1 

(0.4) 

Dependent Variables - Particle size,  

                                       Release at 30 min, 

                                       Entrapment Efficiency 

Design-Expert® software (trial version 9.0.6, Stat-Ease) was used to apply the design and 

total 17 runs were framed. Box–Behnken Design matrix coded values are given in Table 

7B.4 (a). The actual composition of the nanosuspension of CLN prepared by applying Box–

Behnken Design, is given in Table 7B.4 (b). 

TABLE 7B.4 (a) Coded values of variables in CLN nanosuspension by Box–Behnken Design 

Formulation X1 X2 X3 

BBD1 0 0 0 

BBD2 1 -1 0 

BBD3 -1 -1 0 

BBD4 0 0 0 

BBD5 0 1 -1 

BBD6 0 -1 1 

BBD7 0 0 0 

BBD8 1 1 0 
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BBD9 0 1 1 

BBD10 0 0 0 

BBD11 1 0 1 

BBD12 -1 1 0 

BBD13 1 0 -1 

BBD14 -1 0 1 

BBD15 0 -1 -1 

BBD16 -1 0 -1 

BBD17 0 0 0 

TABLE 7B.4 (b) Actual composition of CLN nanosuspension prepared by Box–Behnken 

Design 

Formulation 

Wt of 

CLN 

(mg) 

Wt of 

Tween 

80 

(mg) 

Wt of 

Poloxamer 

188 (gm) 

Solvent to 

antisolvent 

ratio 

Speed of 

Agitation 

(rpm) 

Sonication 

amplitude 

(%) 

Time of 

sonication 

BBD1 200 0.3 1 0.1 1000 65 12.5 

BBD2 300 0.3 1 0.1 1000 65 10 

BBD3 100 0.3 1 0.1 1000 65 10 

BBD4 200 0.3 1 0.1 1000 65 12.5 

BBD5 200 0.2 1 0.1 1000 65 15 

BBD6 200 0.4 1 0.1 1000 65 10 

BBD7 200 0.3 1 0.1 1000 65 12.5 

BBD8 300 0.3 1 0.1 1000 65 15 

BBD9 200 0.4 1 0.1 1000 65 15 

BBD10 200 0.3 1 0.1 1000 65 12.5 

BBD11 300 0.4 1 0.1 1000 65 12.5 

BBD12 100 0.3 1 0.1 1000 65 15 

BBD13 300 0.2 1 0.1 1000 65 12.5 

BBD14 100 0.4 1 0.1 1000 65 12.5 

BBD15 200 0.2 1 0.1 1000 65 10 

BBD16 100 0.2 1 0.1 1000 65 12.5 

BBD17 200 0.3 1 0.1 1000 65 12.5 

Composition of BBD4, BBD7, BBD10, and BBD17 is same as that of BBD1 
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7B.2.1.5 Evaluation of BBD batches of CLN Nanosuspension 

7B.2.1.5.1 Particle Size and Zeta potential Measurement  

Essential parameters for evaluation of nanosuspension are the particle size and size 

distribution. The average particle size, poly dispersity index (PDI) and zeta potential of the 

prepared nanosuspension were determined using Zetasizer Nanoseries Nano-ZS, Malvern 

Instruments, Malvern, UK[32].Malvern zetasizer used in-built dynamic light scattering, 

DLS, and Laser Doppler Electrophoresis to determine particle size and for zeta potential. 

The samples were filled in ‘folded capillary cells’ and results obtained for size, PDI and zeta-

potential were recorded.  

7B.2.1.5.2 In vitro Dissolution Study 

In vitro dissolution profiles of CLN from nanosuspension were obtained by dialysis bag 

method [33-35]. 

The dissolution of CLN pure and lypholized CLN nanosuspension was performed using USP 

paddle apparatus filled with 100 mL of 1% SLS at 37°C ± 1°C and stirred at 100 rpm. 

Accurately weighed lyophilised nanosuspension of CLN equivalent to 10 mg was suspended 

in 10 mL of 1% SLS and filled in preactivated dialysis membrane (Dialysis membrane 110 

(LA 395), Himedia, cut off 12000 Da). Aliquots of 2 mL were withdrawn from dissolution 

medium at the time interval of 5,15,30,45 and 60 mins. Withdrawn sample was filtered 

through 0.22 µm Milipore membrane filter. Filtered solutions were appropriately diluted and 

amount of CLN was measured at 242 nm using UV visible spectrophotometer. All the 

measurements were performed in triplicate. 

7B.2.1.5.3 Entrapment Efficiency  

Entrapment efficiency (EE) is calculated for nanosuspension to check the amount of soluble 

drug remaining in the supernatant after sonication. To measure the % EE, freshly prepared 

nanosuspension is subjected to ultracentrifugation at 10,000 rpm for 15 mins using 

microcentrifuge. At the end of centrifugation, supernatant was removed and filtered through 

0.22 µ filter paper. The amount of CLN present in supernatant was measure 
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spectrophotometrically at 240 nm after suitable dilution with methanol. Percentage 

Entrapment Efficiency was calculated from following equation. All the measurements were 

performed in triplicate. 

% EE= 
Winitial drug−Wfree drug

Winitial drug
 X 100 

7B.2.1.6 Validation of Experimental Design 

An extra check point formulation was prepared to validate the experimental design. The 

values for particle size, %CDR 30 min and % entrapment efficiency were predicted by their 

respective polynomial equations. The check point batch had the composition with the levels 

as X1: 0.83, X2: 0.13 and X3: -0.99. The experimental values were determined by evaluating 

the dependent variables. The predicted and experimental values of the responses were 

compared for statistical significance using t-test at 95% confidence interval (p < 0.05). 

7B.2.1.7 Evaluation of optimized batch of nanosuspension 

Optimized batch of nanosuspension obtained from validated model of Box- Behnken Design 

was evaluated for particle size, poly dispersity index, zeta potential (section 7B.2.1.5.3), in 

vitro release (section 7B.2.1.5.2), entrapment efficiency (section 7B.2.1.5.1), and saturation 

solubility (section 6A.3.3.3). 

 

7B.2.2 Solid State Characterization of optimized Nanosuspension of CLN 

Solid state characterisation of optimized batch of Nanosuspension was carried out by DSC, 

PXRD and TEM. 

7B.2.2.1 Fourier transform-infrared (FT-IR) spectroscopy 

The FTIR spectra of CLN, Poloxamer 188 and lyophilised nanosuspension of CLN were 

recorded as per section 6A.3.4.1. 
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7B.2.2.2 Powdered X ray Diffraction 

The Powdered X-ray Diffraction of CLN, Poloxamer 188 and Nanosuspension of CLN were 

recorded as per the procedure given in section 6A.3.4.3. 

7B.2.2.3 Transmission Electron Microscopy  

The surface morphology of the optimized Nanosupension of CLN was studied using 

transmission electron microscope [36]. Tecnai transmission electron microscope was used 

with an acceleration voltage of 200 kV. Lyophilised nanosuspension of CLN was 

reconstituted with distilled water and was loaded on grid. After 1 min the film was subjected 

to negative staining using 3% phosphotungstic acid solution (pH 7.4) for 1 min. TEM images 

was taken using CCD camera after drying the film. 

7B.2.3 Stability and Photostability Study 

Stability study of optimized nanosuspension was performed as per the procedure described 

in section 6A.3.5. At the end of stability study samples were subjected to content, in vitro 

release and particle size. 

7B.3 Results and Discussion  

7B.3.1 Preparation and evaluation of Nanosuspension of CLN 

7B.3.1.1 Screening of Critical Factors using Plackett and Burman Design 

Screening of the formulation and process related factors by trial and error technique is time 

consuming and can be inaccurate at times. QbD achieves balance between experiments, 

resources and time required for development of pharmaceutical formulations [37]. Hence, 

Plackett–Burman design was employed as the screening technique to determine the most 

significant factors that affected the formulation of nanosuspension using Design-Expert® 

software. The factor screened by the design were Concentration of polymer (Poloxamer 188) 

(X1), Solvent to antisolvent ratio (X2), Concentration of Drug (X3), Agitation Speed (X4), 
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Amplitude of sonication (X5), Time of sonication (X6), Concentration of Tween 80 (X7). The 

effect of these independent variables was checked on average particle size (nm), release at 

30 minute (%).  

The summary of analysis of variance for response parameters is given in Table 7B.5. The F 

value and p-value suggests that the model is significant for both the variables. The results of 

the dependent variables for batches prepared by applying PB design is given in Table 7B.6. 

The range of the average particle size (nm) and release of the drug after 30 minutes (%) for 

the PB batches was found to be 85.93 to 750 nm and 13.57 to 98.37%, respectively. Such 

huge variation in the responses of the batches directed that the selected independent variables 

are extremely significant. 

TABLE 7B.5 Summary of ANOVA table for response parameters for Plackett and Burman 

design for CLN nanosuspension 

 

Source 
Sum of 

Squares 

Degree of 

freedom 

 

Mean Square F Value P Value  

Particle Size (nm) 

Model 3.104E+005 3 1.035E+005 6.25 0.0172 

Residual 1.325E+005 8 16565.59   

Corrected Total 4.430E+005 11    

Release at 30 min (%) 

Model 5762.38 3 1920.79 11.51 0.0028 

Residual 1335.49 8 166.94   

Corrected Total 7097.87 11    
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TABLE 7B.6 Experimental responses of Plackett–Burman design matrix 

Batches 
Average Particle Size 

(nm) 
Release at 30 min (%) 

PB-1 750±14.2 29.18±0.92 

PB -2 144.9±2.1 47.9±1.10 

PB -3 86.08±1.1 65.66±1.23 

PB -4 352.6±5.4 61.03±1.89 

PB -5 327.1±5.6 21.6±0.82 

PB -6 280.1±4.7 22.63±0.87 

PB -7 130.2±1.8 98.37±1.23 

PB -8 86.67±1.3 59.88±1.02 

PB -9 425.2±6.8 33.79±0.45 

PB -10 374.7±7.4 44.23±1.24 

PB -11 85.93±1.4 14.96±0.21 

PB -12 461.5±8.9 52.24±0.176 

             *Data expressed at Mean±SD (n=3) 

7B.3.1.1.1 Effect of the Variables on Average Particle Size 

The pareto chart of yield (Fig. 7B.2) and the final equation indicated that the most significant 

factors for average particle size are X3 (Conc. of Drug), X2 (Solvent to antisolvent ratio) and 

X6 (Time of Sonication). The R2 value was found to be equal to 0.7008, which means model 

is significant for the selected independent and dependent variables. The difference between 

adjusted and predicted R2 value was found to be less than 0.2 and also the F-value of 6.25 

proved the significance of model.  

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒 (𝑛𝑚) =  +292.08 − 71.36 𝑋2 − 126.20𝑋3 + 69.65𝑋6 

 

The equation clearly shows that, concentration of drug and solvent-antisolvent ratio have 

antagonistic effect on the average particle size of the suspended particles in suspension, 

which is desirable. Whereas, the time of sonication showed antagonistic effect on the particle 

size. In order to obtain the minimum particle size the amount of X2 and X3 should be 

increased and X6 should be decreased. 
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FIGURE 7B.2 Plackett–Burman design for CLN nanosuspension - Pareto Chart of Average 

Particle Size 

7B.3.1.1.2 Effect of the Variables on Drug Release at 30 min 

The pareto chart of release of drug at 30 min (Fig. 7B.3) and the final equation clearly 

indicates that the most significant factors, are X3 (Conc. of Drug), X4 (Agitation Speed) and 

X7 (Concentration of Tween 80), in terms of release of drug in 30minutes. The R2 value was 

found to be equal to 0.8118, which means good agreement between the dependent and 

independent variables. The difference between adjusted and predicted R2 value was found to 

be less than 0.2 and also the F-value of 11.51 proved the significance of model.  

 

𝑅𝑒𝑙𝑒𝑎𝑠𝑒 𝑎𝑡 30 min(%)  =  +43.40 + 13.10 𝑋3 + 11.45𝑋4 − 13.32𝑋7 

 

The combined effect of the selected variables on average particle size and release of drug at 

30 mins indicated that concentration of drug, Time of sonication and concentration of Tween 

80 significantly affected the formulation of nanosuspension. They were considered to be the 

most critical factors in the formulation of nanosuspension. Hence, these factors were further 

evaluated by applying Box–Behnken design to get the optimized formulation of CLN 

nanosuspension.  
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FIGURE 7B.3 Plackett–Burman design for CLN nanosuspension - Pareto Chart of Release at 

30 minutes 

7B.3.1.2 Optimization of CLN Nanosuspension: Box–Behnken Design 

The results presented in Table 7B.7 depict that the Particle size for all the batches was in the 

orbit of 231.5 nm to 923.3 nm. The release of the drug at 30 min was found to be in the range 

of 57.59% to 95.25%, which comes in the standard range (5-1000µm) of nanosuspensions 

as mentioned by Shah et al [31]. General observation was that as the sonication and 

concentration of drug increased the particle size decreased as earlier proved by Xia, et al [9].  

The entrapment efficiency was found to be in the range of 51.39 % to 96.12 % [38].  
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TABLE 7B.7 Result table of CLN nanosuspension prepared by applying Box–Behnken 

Design 

Formulation Particle size (nm) Release at 30 min (%) 
Entrapment Efficiency 

(%) 

BBD1 497.5±7.4 68.15±1.68 70.23±0.22 

BBD2 415.2±6.7 85.42±1.23 93.33±1.02 

BBD3 723.2±12.5 95.25±2.30 53.29±0.68 

BBD4 471.3±7.9 60.12±1.56 87.67±0.81 

BBD5 268.2±3.7 61.34±1.26 94.57±0.97 

BBD6 802.4±13.1 59.32±1.32 51.42±0.94 

BBD7 484.2±6.1 72.69±0.96 77.30±1.16 

BBD8 231.5±3.2 87.80±1.27 96.12±1.56 

BBD9 662.6±8.2 68.40±1.17 65.94±0.20 

BBD10 493.1±6.9 69.28±0.47 70.72±0.54 

BBD11 712.3±5.9 57.59±1.06 55.68±0.23 

BBD12 451.8±6.3 86.36±1.23 91.59±1.14 

BBD13 255.2±3.4 98.30±0.71 95.45±1.23 

BBD14 923.3±15.6 67.00±1.07 51.39±0.74 

BBD15 509.1±8.3 86.21±0.96 69.98±0.21 

BBD16 602.5±5.6 65.01±0.36 68.23±0.24 

BBD17 492.4±7.1 67.82±1.01 71.89±1.02 

*Data expressed at Mean±SD (n=3), BBD4, BBD7, BBD10, and BBD17 is same as that of 

BBD1 

7B.3.1.2.1 In vitro Drug Release and Release Kinetics of Nanosuspension batches 

prepared by Box Behnken Design 

The drug release study was performed for all the batches of CLN nanosuspensions prepared 

by applying Box-Behnken design. The drug release data is given in table no. 7B.8 and the 

graphical representation of the same is shown in Fig. 7B.4.  

Drug release profiles of all the batches of Box-Behnken design was compared with CLN 

pure and it was found that nanosuspension from all the batches showed higher drug release 

as compared to CLN pure. This is attributed to the particle size of all batches which lies 
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within the range of 231.5 to 923.3 nm and can be explained by the Noyes–Whitney equation 

(explained in section 7A.3.4) where the dissolution is inversely proportional to particle size 

[39]. The release pattern data indicates that in case of CLN pure highest release of 55.12 % 

was obtained. Whereas batches BBD3, BBD8 and BBD15 showed 80 % release within 5 

min. The maximum release of 99% in 1 h was obtained with batches BBD2, BBD3, BBD12 

and BBD 13.  

 

 

 

FIGURE 7B.4 In vitro drug release profile of CLN nanosuspension batches prepared using 

Box-Behnken design 
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TABLE 7B.8 Results table for in vitro drug release of CLN from nanosuspensions prepared 

by applying Box-Behnken Design* 

CDR30 

 

 

Formulation 

5 

min 

15 

min 

30 

Min 

45 

Min 

60 

min 

BBD1 60.78±0.86 66.08±1.27 68.15±1.68 75.43±1.12 80.75±1.23 

BBD2 60.23±0.87 86.35±1.45 85.42±1.23 98.77±1.63 99.35±2.39 

BBD3 82.63±2.1 84.37±1.89 95.25±2.30 96.49±2.45 97.67±2.40 

BBD4 55.98±1.23 58.35±1.47 60.12±1.56 71.36±1.12 76.36±1.24 

BBD5 40.57±1.34 54.32±1.18 61.34±1.26 69.63±2.70 75.45±2.34 

BBD6 20.69±0.14 31.96±0.28 59.32±1.32 71.63±1.87 79.89±1.74 

BBD7 64.23±1.47 63.89±1.17 72.69±0.96 80.23±0.87 80.86±1.64 

BBD8 83.67±1.47 86.35±1.38 87.80±1.27 94.64±1.87 98.87±1.74 

BBD9 48.56±0.47 55.98±0.49 68.40±1.17 82.00±1.36 89.8±1.05 

BBD10 60.78±0.87 64.56±0.95 69.28±0.47 76.21±1.98 80.96±1.78 

BBD11 38.96±0.67 40.47±0.82 57.59±1.06 64.32±1.19 73.24±1.04 

BBD12 79.41±0.74 82.93±1.13 86.36±1.23 95.98±1.17 99.36±1.10 

BBD13 78.69±0.87 88.97±0.56 98.30±0.71 99.25±1.03 99.75±0.97 

BBD14 58.56±0.42 63.58±0.98 67.00±1.07 74.36±1.15 85.00±1.23 

BBD15 81.28±0.38 84.31±0.47 86.21±0.96 90.25±1.07 97.45±1.18 

BBD16 50.12±0.74 57.87±0.91 65.01±0.36 70.15±1.16 81.82±1.25 

BBD17 63.63±0.84 66.51±0.97 67.82±1.01 72.36±1.08 81.98±1.28 

CLN pure 14.89±0.45 20.78±0.55 32.63±0.87 40.15±0.84 55.12±1.02 

                    *Data expressed at Mean±SD (n=3) 

              Composition of BBD-4, BBD-7, BBD-10, and BBD-17 is same as that of BBD 1 

The variation in the dissolution pattern for drug release is attributed to the particle size and 

also to some extent to concentration of tween 80 used as a stabilizer. The batches prepared 

with high concentration of drug showed better dissolution as supported by the results 

obtained from PB and BBD design (Table 7B.8). 

 

Drug Release Kinetics 

The results for the analysis of model-dependent drug release kinetics and for the in vitro 

release of CLN from nanosuspension, is given in Table 7B.9.  
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TABLE 7B.9 Results table for in vitro drug release, model-dependent kinetics for CLN 

nanosuspension prepared by Box–Behnken Design 

Batch code 
Higuchi 

model (RH) 

Korsmeyer 

Peppas 

model (RP) 

Hixson 

Crowell 

model 

(RHC) 

First order 

(R1) 

Zero order 

(R0) 

BBD1 0.7577 0.8939 0.6514 0.8375 0.5201 

BBD2 0.8381 0.9062 0.8727 0.9363 0.6000 

BBD3 0.6933 0.8849 0.6862 0.9162 0.4836 

BBD5 0.9169 0.9946 0.8307 0.9607 0.7159 

BBD6 0.9854 0.9769 0.9826 0.9772 0.9379 

BBD8 0.8472 0.9452 0.9183 0.9972 0.6054 

BBD9 0.8472 0.9452 0.9183 0.9972 0.6054 

BBD11 0.9383 0.8775 0.8816 0.9634 0.7864 

BBD12 0.7282 0.8584 0.8057 0.9041 0.4864 

BBD13 0.7261 0.9603 0.7945 0.9879 0.4650 

BBD14 0.8053 0.8438 0.7429 0.8903 0.5881 

BBD15 0.6780 0.7999 0.6645 0.8544 0.4327 

BBD16 0.8663 0.9380 0.7997 0.9286 0.6605 

CLN pure 0.9703 0.9566 0.9715 0.9649 0.9599 

 

The model dependent approaches evaluated for the drug release kinetics were zero order, 

first order, Higuchi, Hixson-Crowell and Korsmeyer-Peppas. The drug release from all the 

batches of nanosuspension of CLN except BBD followed First order model with R2 value 

close to 1. This model is generated by plotting log cumulative percentage drug remaining 

versus time. BBD1 followed Korsmeyer Peppas model (RP). This data is obtained from in 

vitro drug release studies by plotting log cumulative percentage drug release versus log time. 
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7B.3.1.2.2 Statistical Analysis of Box Behnken Design 

The result of all the dependent variables is given in Table 7B.7. For Box-Behnken analyses, 

the regression equation describes the effects of the variables on the responses in terms of 

linear, interactive and quadratic.  

TABLE 7B.10 Summary of ANOVA table for response parameters for Box-Behnken design 

for CLN nanosuspension 

Source 
Sum of 

Squares 

Degree of 

freedom 

 

Mean 

Square 

F Value P-value  

Particle size (nm) 

Model 5.823E+005 9 64698.44 201.29 < 0.0001 

Residual 2249.92 7 321.42   

Corrected Total 5.845E+005 16    

Release at 30 min (%) 

Model 2489.28 9 276.59 7.16 0.0083 

Residual 270.57 7 38.65   

Corrected Total 2759.85 16    

Entrapment Efficiency (%) 

Model 3933.09 9 437.01 12.34 0.0016 

Residual 247.88 7 35.41   

Corrected Total 4180.97 16    

 

The polynomial equation generated by box-behnken design using Design expert software is 

as follows: 

𝑌 = 𝑏0 + 𝑏1𝑋1 + 𝑏2𝑋2 + 𝑏3𝑋3 + 𝑏12𝑋1𝑋2 + 𝑏13𝑋1𝑋3 + 𝑏23𝑋2𝑋3 + 𝑏11𝑋1
2 + 𝑏22𝑋2

2

+ 𝑏33𝑋3
2 

Where, Y is the dependent variable, b0 is the intercept, and b1 to b33 are regression 

coefficient. The master effects (X1, X2, and X3) represent the average result of changing one 

element at a time from its low to high value. X1X2, X1X3 and X2X3 represents the interaction 

terms and X1
2, X2

2 and X3
2 represents quadratic effect.  

Using analysis of variance (ANOVA), the significance (p ˂ 0.05) of the ratio of mean square 

variation due to the regression coefficient, and the residual error were tested. The summary 

of ANOVA table for response parameters is given in Table 7B.10. The Quadratic model was 

found to be significant for all the responses. The p-value was found to be significant, which 

indicates that the model was significant. The high values of correlation coefficients for 

average particle size (R2 = 0.9962), Release at 30 minutes (R2 = 0.9020) and Entrapment 
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efficiency (R2 = 0.9407) indicated a good fit (ie, good agreement between the dependent and 

independent variables).  

 

a. Effect of Independent Variables on Average Particle Size 

 

The average particle size for all the batches was in the orbit of 231.5 nm to 923.3 nm. P value 

was found to be 0.0001 implies the model is significant. R2 was found to be equal to 0.9962. 

The adjusted and predicted R-squared value was found to be 0.9912 and 0.9490, 

respectively. The difference between the both is less than 0.2, which is desired. The Model 

F-value of 201.29 implies the model is significant. There is only a 0.01% chance that an F-

value this large could occur due to noise. The lack of fit was found to be insignificant. The 

established second-degree polynomial equation for entrapment efficiency was as follow:  

 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑠𝑖𝑧𝑒 (𝑛𝑚) =  +487.70 − 135.82𝑋1 − 104.47𝑋2 + 183.20𝑋3 +

21.92𝑋1𝑋2 + 34.07𝑋1𝑋3 + 25.28𝑋2𝑋3 + 15.24𝑋1
2 − 47.51𝑋2

2 + 120.39𝑋3
2  

 

In this case X1, X2, X3, X1X2, X1X3, X2X3, X2
2, X3

2 were significant model terms. The 

equation indicates that variables X1 and X2 had a negative influence and X3 had positive 

effect on the particle size of the nanosuspension. The most important element was found to 

be concentration of tween 80 (X3), as the concentration of surfactant increased the particle 

size also increased. There was significant agonistic interaction effect observed between the 

variables, on the particle size of nanosuspension. The significant quadratic effect was 

observed with time of sonication and concentration of tween 80. These effects were further 

illustrated in contour plots (Fig 7B.5).   

The effects of X1 and X2 with their interaction on average particle size at a specified level of 

X3 (0) are shown in contour plot, Fig. 7B.5 (A1). The plots were found to be linear at low 

(300 nm) and high (700 nm) particle size, between these value, the plots were found to be 

nonlinear indicating a nonlinear relationship between X1 and X2 on particle size. It was 

learned from the contour plot that the minimum particle size 300 nm was noted at the highest 

value (coded value 1) of X2 and X1. Further, the relationship of X2 and X3 on particle size of 

nanosuspension was established by keeping X1 at the level 0. The relationship between the 

two was found to be non-linear. 
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FIGURE 7B.5 CLN nanosuspension - Contour plot of Average Particle size (A), Release at 

30min (B) and Entrapment Efficiency (C): 1-Plot X1X2 keeping X3=0, 2-Plot X2X3 keeping 

X1=0 and 3-X1X3 keeping X2=0 

 

The desired, minimum particle size was observed at the values of X2 at 1 and X3 at -1 coded 

value of the independent variables [Fig. 7B.5 (A2)]. 
 
Contour plot of particle size drawn at 

0 values of X2 showed the non-linear effect of the independent variables X1 and X3 on 

particle size. Minimum particle size was obtained at the maximum level of factor X1 i.e., 

concentration of drug as shown in the Fig. 7B.5 (A3).  
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b. Effect of Independent Variables on Release at 30 minute  

The release of the drug at 30 min was found to be in the range of 57.59 % to 95.25 %. P 

value was found to be 0.0083 implies the model is significant as the value was less than 0.05. 

R2 was found to be equal to 0.9020. The lack of fit was found to be insignificant with "Lack 

of Fit F-value" as 2.91 implies the Lack of Fit is not significant relative to the pure error. 

The established second-degree polynomial equation for release at 30 minute was as follow:  

𝐶𝐷𝑅30 (%) =  +67.61 + 1.94𝑋1 − 2.79𝑋2 − 7.32𝑋3 + 2.82𝑋1𝑋2 − 10.67𝑋1𝑋3 +

8.49𝑋2𝑋3 + 12.13𝑋1
2 + 8.97𝑋2

2 − 7.756𝑋3
2  

 

In this case X3, X1X3, X2X3, X1
2, X2

2, X3
2 were significant model terms. The equation 

indicates that variables X2 and X3 had a negative influence and X1 had positive effect on the 

release at 30 minute. The most significant factor was concentration of tween 80. It had 

antagonistic effect on the response, as the concentration of tween 80 increased the release at 

30 minute decreased. The significant interaction effect was observed between X1 & X3 and 

X2 & X3. A significant antagonistic quadratic effect of the independent factors was observed 

on release at 30 minute, which was further shown by contour plots. A contour plot is a 

graphical technique for representing a 3-dimensional surface by plotting constant z slices, 

called contours, on a 2-dimensional format. This implies that the result of two variables can 

be pulled out by holding open the third variable constant. Here, the plots suggested that 

100% release at 30 minute can be achieved with X1 at 1 and X2 at -1 coded value when X3 

is fixed at (0) level, as shown in contour plot, Fig. 7B.5(B1). The contour plot of X2 and X3 

with X1 constant showed that
 
highest release at 30 minute can be obtained when X3 and X2 

are kept at their minimum level [Fig. 7B.5 (B2)]. Contour plot of release at 30 minute, drawn 

at 0 value of X2 showed that the value of release at 30 minute was highest when the value of 

X3 is kept at -1and X1 is kept at 1 coded value
 
[Fig. 7B.5(B3)]. As the quadratic effect is 

significant, it means that optimal levels of X are not in the extremes of the experimental 

region but inside it. All the contour plots for release at 30 minute showed the non-linear 

response by the chosen variables.  
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c. Effect of Independent Variables on Entrapment Efficiency 

The entrapment efficiency was found to be in the range of 51.39 % to 96.12 %. The Model 

F-value of 12.34 implies the model is significant. There is only a 0.16% chance that an F-

value this large could occur due to noise. P value was found to be 0.0016 implies the model 

is significant. R2 was found to be equal to 0.9407, which indicates that the model can be used 

to navigate the design space. The lack of fit was found to be insignificant with "Lack of Fit 

F-value" as 0.20 implies the Lack of Fit is not significant relative to the pure error. The 

established second-degree polynomial equation for entrapment efficiency was as follow:
 
 

𝐸𝑛𝑡𝑟𝑎𝑝𝑚𝑒𝑛𝑡 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦(%)

=  +75.56 + 9.51𝑋1 + 10.03𝑋2  − 12.98𝑋3 − 8.88𝑋1𝑋2 − 5.73𝑋1𝑋3

− 2.52𝑋2𝑋3 + 2.62𝑋1
2 + 5.41𝑋2

2 − 10.49𝑋3
2 

In this case X1, X2, X3, X1X2, X3
2 were significant model terms. The equation indicates that 

X1 and X2 had a positive influence and X3 had negative effect on the entrapment efficiency 

of nanosuspension. The significant antagonistic quadratic effect of the factor X3 on 

entrapment efficiency was observed, which was further shown by contour plots. A contour 

plot suggested plots suggested that 90% of entrapment efficiency can be achieved in the 

entire range of X1 with X2 value as either -1 or 1, at a fixed level of X3 (0) are shown in 

contour plot, Fig. 7B.5(C1). The contour plot of X2 and X3 with X1 constant showed that
 

highest entrapment efficiency can be obtained when X3 is kept in the range of 0 to -1 and X2 

in the range of 0.75 to 1 [Fig. 7B.5 (C2)]. Contour plot of entrapment efficiency, drawn at 0 

value of X2 showed that the value of entrapment efficiency was more in the range of X3 as 0 

to -1 and X1 as 0.7 to 1 [Fig. 7B.5(C3)]. Overall, for entrapment efficiency, interaction within 

the independent variable was observed.  

7B.3.1.2.3 Validation of Box Behnken Experimental Design 

In order to validate the experimental design, the check point batch was prepared and 

evaluated for all the dependent responses. The predicted and actual values for particle size, 

CDR30 and entrapment efficiency were found to be 278.86 nm, 85 % and 93.28 % and 280.1 
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nm, 86.32% and 92.14% respectively. The relative error (%) between the predicted and 

actual values for each response was calculated and the values were found to be within 5%. 

The experimental values were in agreement with the predicted values confirming the validity 

of the model. 

7B.3.1.2.4 Selection of Optimized Batch for Nanosuspension of CLN 

To optimize all the responses with different targets, a numerical optimization technique by 

the desirability function and a graphical optimization technique by the overlay plot was used. 

The optimized formulation was obtained by applying constraints on dependent variable 

responses and independent variables. The constraints for all the dependent variables were 

set at 80% to 100%. The recommended concentrations of the independent variables were 

calculated by the Design Expert software from the overlay plots obtained which has the 

highest desirability near to 1.0. Using design expert software three overlay plots were 

obtained indicating the area of optimal process variables as applied in Fig. 7B.6. Fig. 7B.6 

(A), represents an overlay plot obtained with variable X1 (Concentration of Drug) and X2 

(Time of Sonication) by keeping X3 (Concentration of Surfactant) constant as -0.99. Overlay 

plot 7B.6 (B), was obtained with X1 and X3 with X2 constant as 0.13 and C overlay was 

obtained with X2 and X3 after fixing the value of X1 as 0.83. Based on the desirability criteria 

and overlay plots, nanosuspension of CLN having formula given in Table 7B.11 was 

considered as optimum. The formulation gave nanosuspension with particle size of 280 nm, 

CDR30 86.32% and 92.14% entrapment efficiency.  

TABLE 7B.11 Formula for optimized batch of Nanosuspension of CLN (CLN NS) 

S.N. Ingredient/ Process Parameter 
Amount/ process parameter 

specification 

1.  Concentration of polymer (Poloxamer 188) (%) 1 

2.  Solvent to antisolvent ratio 0.1 

3.  Concentration of Drug (mg/ml) 24.9 

4.  Agitation Speed (rpm) 1000 

5.  Amplitude of sonication (%) 65 

6.  Time of sonication (min) 2 

7.  Concentration of Tween 80 (%) 0.2 
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The obtained nanosuspension was subject to freeze drying to obtain dry nanoparticles. 

Obtained nanoparticles were used for further evaluation. 

 

FIGURE 7B.6 Overlay Plot of CLN nanosuspension by Box-Behnken design 

7B.3.1.2.5 Evaluation of Optimized Batch of Nanosuspension of CLN 

Particle Size, Zeta potential and PDI Measurement 

Average particle size, Zeta potential and poly dispersity index for optimized nanosuspension 

was found to be 280.1 nm, -13.6 mV and 0.176 using Malvern Zetasizer Nanoseries as shown 

in Fig. 7B.7. 

 

 

FIGURE 7B.7 Size Distribution of optimized CLN nanosuspension 

Saturation solubility 

Saturation solubility of CLN-NS and CLN pure was found to be 0.0288±0.002 mg/mL and 

0.00418±0.0001mg/mL respectively. Solubility of CLN-NS was found to be 6.89 fold higher 



CHAPTER 7B                                                                   NANOSUSPENSION OF CLN 
 

 

 

Page 276 
 

 

than that of CLN pure. This result concludes that nanosuspension approach effectively 

enhances the solubility of CLN. 

Entrapment Efficiency 

Entrapment efficiency of CLN-NS was found to be 92.14 % indicating that high theoretical 

yield in form of the nanosuspension can be obtained with the improved water solubility of 

CLN. 

 

In vitro release  

The dissolution profiles of optimized Nanosuspension (CLN-NS), pure Cilnidipine drug 

(CLN pure) and marketed tablet of Cilnidipine (CLN MKT) is depicted in Fig. 7B.8. It is 

concluded form the figure that, liquisolid compact showed better dissolution rate as 

compared to pure drug and marketed tablets. The percentage of Cilnidipine released from 

liquisolid compact is 60.58 ± 0.54 % and 92.31 ± 1.25% respectively at 5 and 30 minutes 

(Table 7B.12). The maximum amount of CLN released from pure drug and marketed tablet 

was found to be 55.12±1.02 % and 71.21±1.14 respectively in 60 mins. The later shows incomplete 

release of drug as compared to 101.27± 0.60 % release from optimized liquisolid compacts. 

 

 
 

 

FIGURE 7B.8 In vitro release profile of CLN-NS, CLN MKT and CLN pure 
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TABLE 7B.12 In vitro release data of CLN-NS, CLN MKT and CLN pure* 

 

Time (min) CLN-NS CLN MKT CLN pure 

0 0 0 0 

5 85.06±1.12 24.69±0.9 14.89±0.45 

15 85.26±1.43 35.69±0.35 20.78±0.55 

30 86.32±1.57 44.23±0.49 32.63±0.87 

45 98.63±1.88 63.02±0.98 40.15±0.84 

60 100.23±1.63 71.21±1.14 55.12±1.02 

MDT (min) 12.06 22.39 24.54 

DE30 (%) 71.78 62.11 59.19 

            *Data expressed at Mean±SD (n=3) 

Similarity factor (f2) is used to interpret similarity between the dissolution profiles of 

optimized liquisolid compacts, pure cilnidipine drug and marketed formulation of 

Cilnidipine. This approach is recommended by the FDA, the European Medicines Agency, 

and WHO. The similarity factor for the release of CLN form optimized nanosuspension was 

measured in comparison with pure drug and marketed tablet formulation both. The f2 values 

were found to be 16.13 and 23.42, suggesting that dissolution profile of the optimized 

liquisolid compact is not similar to either of the pure drug and marketed product (Table 

7B.13). 

TABLE 7B.13 Comparison of Dissolution profiles of CLN-NS, CLN MKT and CLN pure 

Comparison Similarity Factor Dissolution Profile 

Pure Drug and FOPT 13.42 Dissimilar 

Marketed tablet formulation and FOPT 19.47 Dissimilar 

  

Also the result obtained for MDT and DE depicted in Table 7B.13 indicates that optimized 

nanosuspension has lowest MDT and highest DE30 confirming that the nanosuspension 

formulation shows better result in comparison with pure drug and marketed formulation. 

These observations proposed that the nanosuspensioin can be a promising tool to enhance 

the dissolution of Cilnidipine as a result of decreased particle size and increase in effective 

surface area.  

Model dependent release kinetic regression result for CLN-NS, CLN MKT and CLN pure is 

shown in Table 7B.14. The result shows that release of CLN from pure drug follows Hixon-
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Crowel model, from MKT follows Higuchi model, while from CLN-NS drug release follows 

First Order model. 

 

Table 7B.14 Regression Coefficient for model dependent release kinetics for CLN-NS, CLN 

MKT and CLN pure 

MODEL 

Linear Regression Coefficient 

CLN-NS CLN MKT CLN pure 

Zero order 0.4479 0.9141 0.6054 

First order  0.8823 0.9768 0.9972 

Higuchi 0.6876 0.9844 0.8472 

Hixon-Crowel 0.8380 0.9605 0.9183 

Korsemeyer and Peppas 0.6411 0.9637 0.9452 

 

7B.3.2 Solid State Characterization of optimized Nanosuspension of CLN 

Solid state characterization of CLN-NS was performed by FTIR and powdered X ray 

Diffraction to study the interaction and crystal structure of CLN. Surface morphology of 

freeze dried nanosuspension was studies by TEM. 

7B.3.2.1 Fourier transform-infrared (FT-IR) spectroscopy 

FTIR spectra of CLN pure, Poloxamer 188 and Freeze dried nanosuspension were obtained 

(Fig. 7B.9) and studied for any possible interaction between CLN and Poloxamer 188 that 

can have any possible effect on dissolution enhancement [36].  

IR spectra of Cilnidipine clearly shows characteristic peak of N-H stretch (3289 cm -1), C=O 

stretch (1697 cm-1), N-O stretch (1523, 1387 cm -1) and C-O stretch (1097 cm -1). IR spectra 

of Poloxamer 188 show many significant peaks which are also present in the FTIR spectra 

of Nanosuspension. In the IR spectra of Nanosuspension, peak of CLN at 1527 cm-1 is 

present indicating that there is no interaction between CLN and poloxamer 188 is taking 

place during the sono precipitation technique of nanosuspension formulation. 
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FIGURE 7B.9 FTIR Spectra of (a) CLN pure (b) Poloxamer 188 (c) Opmized nanosuspension 

of CLN 

7B.3.2.2 Powdered X ray Diffraction 

Crystalline structure and changes in crystalline structures of drug are important factors that 

can affect the dissolution and bioavailability and XRD can be used to evaluate crystalline 

structure of them [40]. Powdered XRD Pattern of CLN pure, Poloxamer 188 and Lyophilized 

nanosuspension is depicted in Fig.7B.8.  

XRD Spectrum of Cilnidipine shows characteristic peaks at numerous 2θ values of 5.73, 

12.17, 14.40, 16.37, 18.85, 21.65, 23.83 and 28.22 confirming its crystalline structure 

(Fig.7B.10 (a)). Whereas, XRD pattern of poloxamer 188 shows characteristic peaks at 2θ 

values of 19.00, 19.08, 23.13, 23.28 and 23.43(Fig.7B.10 (b)). However, XRD pattern of 

nanosuspension (Fig7B.10 (c)) shows peaks corresponding to poloxamer 188 and that too 

with lower intensity than that of the poloxamer 188 alone. Absence of characteristic peaks 

of CLN in the nanosuspension suggests that complete amorphisation of CLN has taken place 

in the nanosuspension. Owing to amorphous structure of CLN, solubility and hence 

dissolution of nanosuspension was greatly increased [39]. 
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FIGURE 7B.10 PXRD Pattern of (a) CLN Pure (b) Poloxamer 188 (c) Optimized 

nanosuspension of CLN 

Poloxamer 188 is the non-ionic surfactants used as a stabilizer for formulation of 

nanosuspension of CLN has multiple sites with hydrophobic domain on its surface that 

interacts with hydrophobic functional group of the CLN. This linkage acts as a steric barrier 

between drug particles and confers stability to the formulation. Overall result of this effect 

is prevention of Ostwald ripening and improved stability of nanosuspension [41]. 

7B.3.2.3 Transmission Electron Microscopy 

The morphology of CLN pure and nanosuspension is presented in Fig. 7B.11 (a) and (b).The 

SEM image of CLN shows well defined crystalline structure. Whereas TEM image of 

lyophilized nanosuspension clearly shows the spherical shaped nano particles distributed in 

the matrix of the polymer used for stabilization. The morphological studies also indicate that 

nanosuspension indicated that the nanosuspensions were spherical in shape and also with 

uniform particle size distribution. Improvement in size and distribution is supported by the 

findings of Inghelbrecht et al stating that freeze drying technique provides an acceptable 

stability of the particle size distribution during storage also [42]. 
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FIGURE 7B.11 (a) Microscopic image of CLN pure 

 

FIGURE 7B.11 (b) Transmission Electron Microscopic image of CLN-NS 
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7B.3.3 Stability and photostability Study of CLN-NS 

Optimized batch obtained from Box Behnken design was subjected to stability study. The % 

drug content and % cumulative drug release obtained after storage at 40º C /75% RH is 

shown in Table 7B.15 and profile for the same is depicted in Fig. 7B.11. 

TABLE 7B.15 Drug content and in vitro dissolution stability data of CLN-NS after storage at 

40º C /75% RH 

Time (min) 
Cumulative Drug Release 

Initial 60 days 120 days 180 days 

5 85.06±1.12 84.12±0.58 83.57±0.47 81.69±0.89 

15 85.26±1.43 84.24±0.27 84.14±0.98 82.36±1.43 

30 86.32±1.57 85.12±0.97 84.67±1.1 83.14±1.26 

45 98.63±1.88 96.74±1.04 95.32±1.27 94.18±1.74 

60 100.23±1.63 97.69±0.75 96.18±1.65 95.87±1.37 

Similarity factor 

between initial release 

and release after 

stability 

- 
87.27 

Similar 

79.52 

Similar 

72.62 

Similar 

Drug Content (%w/w) 98.1 ± 0.4 97.8 ± 0.4 97.4 ± 1.1 97.10 ± 0.8 

                       *Data expressed at Mean±SD (n=3) 

 

FIGURE 7B.12 Dissolution profile of optimized Nanosuspension after stability study 

Drug content of solid dispersion was found to be in range of 97.10 to 98.1 after storage. Drug 

release after storage is also unaltered after storage. Similarity factor for all the duration 
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studied for stability was in the range 50-100 indicating that the drug release pattern after 

stability is similar to the initial release. The results obtained for stability study indicates that 

the nanosuspension formulated is stable for six months. 

Photostability studies depicted major effect of UV light on solid state of CLN and its 

formulation while solution state was more sensitive to sunlight. Results of photostability 

confirmed the reported photostability issue of CLN and hence all the experiments were 

conducted in the amber colored glass apparatus. 

7B.4 Conclusion 

The present study involves preparation, optimization and evaluation of the nanosuspension 

of CLN. CLN loaded nanosuspension was formulated by bottom up technique involving 

precipitation followed by sonication. The most important factors affecting formulation of 

CLN loaded nanosuspension were screened by Plackett –Burman design (PB). PB design 

showed that drug concentration, sonication time and concentration of surfactant plays an 

important role in the formulation of nanosuspension. Taking these three factors Box 

Behnken (BB) Design was employed to formulate a CLN nanosuspension with effective 

particle size, saturation solubility and better dissolution properties. The optimized 

formulation obtained from BB design showed the average particle size of 280 nm with 

almost all drugs being released at 40 mins. Lyophilization of the nanosuspension yielded an 

amorphous powder with spherical particles of CLN in nanosizes. The optimized NS of CLN 

was found to be stable for 6 months.  

Nanosuspension has emerged as an efficient and promising strategy for delivery of insoluble 

drugs due to its unique advantages such as ease of modification, process flexibility, targeting 

capabilities, altered pharmacokinetic profile leading to safety and efficacy [43]. A large 

number of products prepared by nanosuspension technology are present in the market, and 

some are at the research state [44]. 
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CHAPTER 7C 

Pharmacokinetic Study of Cilnidipine 

Formulations 

 

7C. Pharmacokinetic study for Optimized Formulations of Cilnidipine  

7C.1 Introduction 

The absorption and excretion of Cilnidipine was studied after oral administration of 

liquisolid compacts, nanosuspension and comparing with pure drug [1]. Calculation of 

Pharmacokinetic parameters was done using Kinetica software to obtain the result of Non 

Compartmental Extravascular analysis [2, 3]. 

7C.1.1 Pharmacokinetic parameters 

Same as explained in section 6C.1.1. 

7C.2 Experimental Work 

7C.2.1 Details of Animals used for Pharmacokinetic Study  

For in vivo Pharmacokinetic study, Albino rats of either sex having weight 270 ± 40 g were 

used. Temperature and relative humidity for housing was animals were kept at 25 ± 2° C 

and 70 ± 2 ° C with natural light and dark conditions. Animals were fed with commercial 

pellet chow and given water add libitum. The animal experiments was carried out as per 

the guidelines of the Committee for the Purpose of Control and Supervision of 

Experiments on Animals (CPCSEA), New Delhi, India and the Institutional Animal 
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Ethical Committee (IAEC) approved protocol of this study (BIP/IAEC/2015/03) at Babaria 

Institute of Pharmacy, Varnama, Vadodara. 

7C.2.2 Calculation of Dose of CLN in rats 

The dose of Cilnidipine for rat was calculated from following formula based of weight of 

rat in mg/kg.  

HED (Human Equivalent Dose) for rat = 0.09 X Human dose of the drug 

Considering maximum daily dose of Cilnidipine 20 mg, the calculated dose for rat was 

found to be 1.8 mg/kg [4]. 

7C.2.3 In vivo Pharmacokinetic Study 

Pharmacokinetic parameters of Liquisolid Compacts and Nanosuspension was compared 

with standard CLN. Twelve rats (280 ±10 g) were fasted for 24 h (with free access to the 

tap water) being randomly assigned into three groups with four rats in each group. 

Optimized formulations of CLN were orally administered to these rats in the dose of 1.8 

mg/kg. Pure Drug and formulations were suspended in 0.5 %w/v sodium carboxymethyl 

cellulose as a suspending agent. Blood samples (0.15 ml) were collected from the femoral 

artery at 0.25, 0.5, 0.75, 1, 2, 4,8,12 and 24 h following an oral administration of each 

formulation. The blood samples were introduced into heparinized micro centrifuge tubes, 

and separated by centrifugation at 3000 rpm for 10 min. The plasma samples thus obtained 

were stored at -50 ° C [5].  

7C.2.4 Pharmacokinetic Analysis  

Plasma samples obtained from the rats were analysed by developed HPLC-MS/MS method 

described in Chapter 4. Non-compartmental pharmacokinetic analysis was performed using 

kinetica software. With the trapezoidal rule Cmax, tmax, AUC (0-t), AUC (0-∞), AUMC, Kel, 

t1/2, Vd and MRT. All data for pharmacokinetic analysis are reported as mean ± SD. 
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7C.3 Results and Discussion 

As per the result obtained from earlier studies involving CLN, it was observed that 

solubility and in vitro dissolution of CLN from liquisolid compacts and nanosuspension is 

significantly increased. In vivo performance of CLN from liquisolid compacts and 

nanosuspension was performed to study the behaviour and compare them with in vivo 

behaviour of pure LER and marketed tablet of CLN. 

Plasma samples for the pharmacokinetic study of CLN pure, liquisolid compacts and 

nanosuspension were analysed by calibration curve. Average results of analysis of plasma 

samples obtained from rat are depicted in Table 7C.1. The plasma drug concentration 

profile obtained for all the three is illustrated in Fig. 7C.1. 

TABLE 7C.1 Average Plasma Concentration of CLN after oral administration of CLN, CLN 

MKT, CLN liquisolid compacts and CLN nanosuspension in rats 

S.N. 

Time 

(hour) 

 Plasma Concentration in ng/ml 

(Mean ± SD) 

CLN  CLN MKT 

CLN Liquisolid 

compact 

CLN 

Nanosuspension 

1.  0.25 5.53±0.124 7.36±0.44 9.8±0.75 23.67±1.50 

2.  0.5 6.46±0.28 7.6±0.48 9.03±0.83 20.91±1.84 

3.  0.75 4.55±0.25 6.45±0.36 8.39±1.11 15.85±1.30 

4.  1 4.02±0.12 5.46±0.20 6.92±0.43 13.40±0.89 

5.  2 3.7±0.14 5.2±0.29 6.20±0.43 10.24±0.46 

6.  4 3.4±0.21 4.80±0.20 5.06±0.26 9.08±0.38 

7.  6 2.97±0.13 4.26±0.32 3.62±0.29 8.53±0.41 

8.  8 2.76±0.10 3.76±0.12 2.8±0.11 4.60±0.28 

9.  12 2.62±0.06 3.08±0.32 2.72±0.082 3.53±0.35 

*Data expressed at Mean±SD (n=3) 
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FIGURE 7C.1 Pharmacokinetic Plasma Drug Concentration profile for CLN, CLN MKT 

CLN liquisolid compacts and CLN nanosuspension 

From the plasma drug concentration profile it is evident that both the formulations, 

liquisolid compacts and nanosuspension of CLN shows better oral absorption as compared 

to the CLN pure. 

Pharmacokinetic parameters calculated using Kinetica 5.0 software is showed in table 

7C.2. 

From the pharmacokinetic parameters it is observed that AUC( 0-t) and Cmax for 

nanosuspension and liquisolid compact is higher than pure drug and marketed formulation 

indicating that both the techniques produces a formulations that are better absorbed than 

the pure drug. Cmax for nanosuspension was highest 23.67±1.50 ng/ml showing 3.66 fold 

increases in Cmax pure drug and 2.98 fold increase compared to marketed tablets which is 

6.46±0.28 and 7.93±0.24 respectively. Similarly Cmax for liquisolid compacts was also 

9.80±0.75ng/ml which showed 1.51 fold increase in Cmax of pure drug and 1.23 fold 

increase of marketed formulation. 
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TABLE 7C.2 Pharmacokinetic parameters after oral absorption of CLN, CLN MKT, CLN 

liquisolid compacts and CLN nanosuspension  

Pharmacokinetic 

parameters 
CLN Pure 

CLN 

 Marketed 

CLN 

Liquisolid 

compact 

CLN 

Nanosuspension 

tmax (h) 0.41 0.41 0.25 0.25 

Cmax (ng/mL) 6.46±0.28 7.93±0.24 9.80±0.75 23.67±1.50 

AUC( 0-t) (ng.h. 

mL
-1

) 
38.48±1.21 52.08±2.46 54.06±0.16 94.26±2.19 

AUC(t-∞) (ng.h. 

mL
-1

) 
69.50±12.16 55.13±14.46 42.93±17.62 28.79±4.41 

AUC(0-∞) (ng.h. 

mL
-1

) 
107.99±12.28 107.21±15.88 97.00±17.70 123.06±5.97 

MRT (0-∞) (h) 26.64±4.34 17.81±2.96 9.98±0.88 8.10±0.52 

t1/2 (h) 18.24±3.23 12.24±2.06 10.41±4.02 5.61±0.37 

AUMC( 0-t) 

(ng.h
2
.mL

-1
) 

2929.48±823.37 1954.5±605.66 580.74±38.13 1000.72±110.37 

Vd (mL/kg) 0.484±0.03 0.320±0.028 0.290±0.06 0.131±0.0024 

Vss (mL/kg) 0.490±0.03 0.330±0.024 0.290±0.04 0.131±0.0029 

Cl 0.018±0.0023 0.019±0.002 0.24±0.16 0.0162±0.00081 

Kel (h
-1

) 0.039±0.006 0.058±0.010 0.079±0.03 0.123±0.008 

Data shown as mean ± SD (n=3); tmax - The time to reach maximum plasma concentration; Cmax - 

Plasma peak concentration; AUC - Area under the plasma-concentration–time curve; MRT - Mean 

residence time; t1/2- Elimination half-life; AUMC (0-t) -Total area under the first moment curve; Vd - 

Volume of distribution; Vss - Volume of distribution at steady state; Cl - Total body clearance.; Kel 

- Elimination rate constant. 

 

Similar observations were seen in case of AUC ( 0-t), whereby Nanosuspension and 

liquisolid compacts showed 2.44 (94.26±2.19)and 1.40 (54.06±0.16)fold increase as 

compared to AUC( 0-t) of pure drug (38.48±1.21).When compared with marketed 

formulation, nanosuspension and liquisolid compacts showed 1.80 and 1.03 fold increase  

in AUC( 0-t) . Moreover tmax for both nanosuspension and liquisolid compacts was found to 

be 0.25 h which is shorter than tmax of pure drug and CLN marketed which was observed at 
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0.41 h. Reduction in t1/2  (half-life) indicated increase in vivo absorption of LER from solid 

dispersion and inclusion complex  

Mean residence time for CLN after solubility enhancement technique was decreased. MRT 

for pure drug and marketed formulation was found to be 26.64±4.34and 17.81±2.96. While, 

that of nanosuspension and liquisolid compact was found to be 8.10±0.52 and 

9.98±0.88respectively.  All the other parameters such as Vd, Vss and Cl showed appreciable 

decrease in case of solid dispersion and inclusion complex than the pure drug. 

The poorly water soluble drug involves dissolution in GI fluid followed by absorption 

through epithelial membrane [6]. Hence its absorption is limited by solubilisation and 

dissolution [7, 8]. Study of in vivo pharmacokinetics of all the formulations suggests that 

the improved absorption character of CLN from liquisolid compact and nanosuspension is 

evident. The enhancement is may be attributed to change in decrease in size of CLN in 

case of nanosuspension and solid solution formation in case of liquisolid compacts. 

7C.4 Conclusion 

It can be concluded from the in vivo studies carried out for CLN formulations that the 

pharmacokinetic behaviour of CLN is improved supporting the solubility and dissolution 

enhancement achieved in the earlier studies. 
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CHAPTER 8 

Summary and Conclusion 

Summary 

The development of suitable drug delivery systems remains a major challenge in the drug 

product development and industrialization process. For a pharmaceutical dosage form 

development, oral route of administration is considered as the most preferable route 

because of its convenience and ease of drug administration. Hence, continuous research in 

the field of pharmacy is carried out to formulate new oral dosage forms. Therapeutic 

effectiveness of orally administered drug depends on the bioavailability and ultimately on 

the solubility of drug molecules. With the advances in combinatorial chemistry and high 

throughput screening, large number of molecules are available with low solubility and face 

the delivery issue leading to suboptimal therapeutic response and poor patient compliance.  

BCS Class II drugs are characterized by low aqueous solubility and high permeability. The 

compounds belonging to this class have dissolution as the rate limitation step because their 

rate of solubilization is much lower than the rate of drug absorption. These limitations of 

BCS Class II drugs can be effectively overcome by solubility enhancement approach. In 

order to increase the solubility, in vitro dissolution and in turn in vivo bioavailability of 

BCS Class II drugs, many approaches of solubility enhancement have been successfully 

used and applied.  

Hypertension is a global health issue affecting both developed and low- and middle-

income countries. Estimated death of 20 million people is predicted by 2020 due to this 

lifestyle disease. The treatment of Hypertension includes use of drugs belonging to class 

ACE inhibitors, Angiotensin II receptor antagonists, beta blockers and calcium channel 

blockers.  
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Lercanidipine (LER) and Cilnidipine (CLN) are new generation lipophilic, dihydropyridine 

calcium antagonists with a long receptor half-life; both belong to BCS Class II drugs. LER 

and CLN are available in dosage form of 10 mg and have mean half-lives of 2.8 h and 2.5 

h respectively.  Although LER and CLN are absorbed from the gastrointestinal tract, their 

absolute bioavailability is approximately 10% and 13 % after oral administration. These 

pharmacokinetic parameters suggest that formulation with better bioavailability of LER 

and CLN can be obtained if its solubility is enhanced. 

Lercanidipine Hydrochloride (LER) 

LER was obtained as a gift sample from Alembic Ltd, Baroda. Preformulation studies were 

carried out for the authentication of drug. Also solubility measurements were carried out to 

generate a solubility profile of LER in various media. The saturation solubility of LER was 

found to be 0.051±0.0023 mg/mL in distilled water. 

 

LER is not official in any pharmacopoeia and currently no quality control or 

discriminatory dissolution method is available for raw material and tablets of LER. To 

perform the dissolution release studies during formulation, a dissolution method for the 

LER tablet was developed and validated. 

To increase the solubility and dissolution of LER following approaches were used. 

 Solid dispersion of LER 

 Inclusion complex of LER 

For development of dissolution method for LER tablets, the objective was set to achieve 

dissolution profile showing ˂ 50% drug release in 15 minutes and ˃ 85% drug release in 

30 min for immediate release dosage form. Saturation solubility of LER was performed in 

0.1 N HCl (pH 1.2), Acetate buffer (pH 4.5) and Phosphate buffer (pH 6.8) to determine 

sink condition status. The pKa of LER is 6.38 and hence it shows pH dependent solubility 

with minimal increase in the solubility beyond pH 6.   

Results suggested that acceptable sink condition can be maintained with the 0.1 N HCl and 

acetate buffer pH 4.5 whereas sink condition is not maintained with phosphate buffer pH 

6.8. Effect of different pH and different rotation speed was studied for dissolution of LER 

tablet in USP type II apparatus using 900 ml volume of dissolution media at 37 ± 0.5 °C.  
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Sampling time of dissolution test was kept 10 min for total duration of 60 min. Aliquots 

collected were filtered and analysed at 236 nm by validated UV spectroscopic method. 

Dissolution profiles of Lotensyl® 10 tablets were generated with 0.1 N HCl (pH 1.2), 

Acetate buffer (pH 4.5) and Phosphate buffer (pH 6.8) with the rotation speed of 50, 75 

and 100 rpm. Obtained dissolution profiles suggested that the set objective of % drug 

release and a plateau shaped dissolution release profile was obtained when dissolution test 

was carried out using 0.1 N HCl (pH 1.2) as dissolution medium and with rotation speed of 

100 rpm. Specificity study shows that at the detection wavelength of the analytical method, 

no interference of the excipients used in tablet was observed. Method was found to be 

linear in the range of 2-20 µg/ml. Accuracy was studied (n=9) by performing recovery 

studies of standard LER solution from the dissolution medium after stirring at appropriate 

speed for 60 min. Recovery so obtained was found to be in range of 98.50 % to 103.72 %. 

Interday and intraday precision results of dissolution method signifies that method is 

precise as NMT 2% RSD was observed for all the determinations. The validated method 

was successfully applied to observe the release pattern of LER from tablet dosage form and 

was found to follow first order release kinetics suggesting that the release of drug is 

directly proportional to the concentration. 

In the first attempt to enhance solubility of LER, hydrophilic polymers such as PVP K30, 

PEG 6000 and PEG 8000 were preliminary tried to prepare solid dispersion. Attempts were 

made to disperse LER into the hydrophilic polymer to increase its solubility and 

dissolution. Two conventional methods namely melt technique and solvent evaporation 

were tried to select one with more potential of dispersing LER into hydrophilic polymers. 

From preliminary studies, it was observed that PVP K30 can form solid dispersion with the 

LER. However, the solid dispersion thus prepared showed processing problems upon 

storage and hence was not considered for further development. In comparison of PEG 4000 

and PEG 6000, it was found that PEG 6000 shows better result in terms of solubility 

enhancement. Three different ratios of LER to PEG6000 1:3, 1:6 and 1:9 were explored to 

see the extent of solubility enhancement using melt fusion method and solvent evaporation 

method.  

Physical mixtures of LER and PEG6000 were compared with prepared solid dispersion 

with respect to saturation solubility and in vitro dissolution release. Saturation solubility of 

solid dispersions of PEG6000 in 1:6 ratio prepared by solvent evaporation method was 
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found to be 0.330±0.0172 mg/mL and that of prepared by melt fusion technique was found 

to be 0.153 ± 0.0153 mg/mL. The result of saturation solubility shows 6.35 and 2.96 fold 

increase in the solubility of LER when dispersed in PEG6000 at a ratio of 1:6 by solvent 

evaporation and melt fusion technique respectively. LER raw material showed release of 

nearly 40 % in 60 min, whereas solid dispersion prepared showed more than 80 % release 

of drug in only 30 min in 0.1 N HCl. Fastest and maximum release of LER was observed 

with solid dispersion prepared in 1:6 ratio by solvent evaporation method and was 

considered optimized and further evaluated for solid state characterization.  

Solid state characterisation of the optimized solid dispersion was performed by FTIR, DSC 

and PXRD. An FTIR spectrum of LER shows characteristic sharp peaks confirming no 

interaction between PEG6000 and LER. However FTIR scan of solid dispersion shows 

disappearance of few peaks of FTIR suggesting incorporation of LER in PEG6000 which 

might be due to dispersion of LER at molecular level in PEG6000. DSC curve of LER 

showed a sharp endothermic peak corresponding to its melting point. A noticeable 

reduction in peak height and heat of fusion was observed in DSC curve of physical mixture 

and further more reduction was observed in DSC curve of solid dispersion. Physical state 

of solid dispersion was confirmed by PXRD studies in which LER showed many sharp 

peaks and the peak heights as well as number of peaks were reduced in the solid 

dispersion. All the observations of solid state characterisations suggested that the physical 

state of LER changed from crystalline to amorphous.  

In another attempt for solubility enhancement of LER, two types of inclusion complexes 

were formed with β- cyclodextrin (βCD) and Hydroxy Propyl β- cyclodextrin (HPβCD). 

Phase solubility diagrams were plotted for LER and Cyclodextrins in distilled water at 

room temperature. From the slope of phase solubility diagram apparent stability constant 

was calculated for both βCD and HPβCD and the values obtained were within 100-1000 

M-1 suggesting that proper interaction takes place between cyclodextrins and LER in 

solution state. Based on result of phase solubility, inclusion complex of LER with both 

βCD and HPβCD were prepared in different molar ratio (1:1, 1:1.5 and 1:2) using 

kneading method and freeze drying method. Prepared inclusion complexes were screened 

for their saturation solubility and in vitro release in 0.1 N HCl. Solubility and % release of 

LER was increased in the complexes with βCD/HPβCD. Upon comparing the results, it 

was observed that solubility of complexes formed in molar ratio 1:1.5 was higher than that 



CHAPTER 8                                                              SUMMARY AND CONCLUSION 
 

 

 

Page 300 
 

was formed in molar ratio 1:1 and 1:2. Similar observations were seen for % release of 

LER also. Moreover effect of method of preparation was also clearly seen as inclusion 

complex formed by freeze drying method showed better solubility and release than the 

complexes prepared by kneading method.  

Saturation solubility in distilled water of inclusion complex formed in 1:1.5 ratio by freeze 

drying method showed 4.46 fold increase with βCD(0.2792 ± 0.0037 mg/mL)  and 7.69 

fold increase with HPβCD (0.3925 ± 0.0070 mg/mL). Compared to pure drug, βCD and 

HPβCD complexes (1:1.5, freeze dried) showed better in vitro release. Freeze dried βCD 

complex formed in 1:1.5 molar ratio showed 81.97±0.816% release in 30 min and that of 

HPβCD complex showed 93.65±0.489 % release in 30 min. Based on the result of 

saturation solubility and in vitro release, inclusion complexes prepared by freeze drying 

method in a molar ration 1:1.5 is considered optimized for both βCD and HPβCD and were 

subjected to solid state characterisation. To study the behaviour of interaction with both 

type of cyclodextrin, inclusion complex prepared with βCD and HPβCD in a molar ratio of 

1:1.5 by freeze drying were subjected to solid state characterisation by FTIR, DSC, PXRD 

and 1H NMR 

FTIR studies of LER, βCD, Physical mixture and inclusion complex suggested that no 

interaction is taking place in physical mixture as prominent peak of LER is still present. 

However in inclusion complexes, peaks of LER at 1520 cm -1, 1485 cm -1, 1344  cm -1and 

1232 cm -1 showed shifting to 1524 cm -1,1487 cm -1,1347 cm -1 and 1215 cm -1,which 

suggests strong interaction taking place between LER and βCD in inclusion complex. DSC 

studies showed decrease in peak height and shifting of LER in inclusion complexes 

suggesting change in the crystalline form of LER. This conclusion were well supported by 

PXRD studies wherein number of crystalline peaks and their intensities were reduced in 

the inclusion complex as compared to pure LER and physical mixture. Thus results of DSC 

and PXRD confirm decrease in the crystalinity of LER upon complexing with the βCD. 

Inclusion of LER at molecular level in cavity of βCD was confirmed with 1H NMR 

spectra. 1H NMR spectra of inclusion complex showed downfield shift of aromatic protons 

of LER which suggests that prominent non covalent interaction is taking place between 

protons of LER and βCD.  
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FTIR spectra of inclusion complex of HPβCD showed absence of LER peaks at 1982 cm-1, 

2564 cm-1 2612 cm-1 and 3081 cm-1 along with shifting of many other peaks , which were 

present in FTIR of physical mixture. This suggests that physical mixture of LER and 

HPβCD does not change physical properties of LER however, inclusion complex revealed 

the change in the LER environment. DSC curve of physical mixture shows decrease in 

LER peak height and peak area, whereas that of inclusion complex shows total absence of 

peak of LER. This confirms that LER has converted from crystalline state to amorphous 

state in inclusion complex with HPβCD. These observations were confirmed by the PXRD 

pattern which shows disappearance of all the peaks of LER in the inclusion complex. 1H 

NMR spectra of HPβCD inclusion complexes shows downfield shift of LER protons along 

with disappearance /merging of few of the peaks which is the additional observation to that 

of obtained with 1H NMR  spectra of LER and βCD inclusion complex. This concludes 

that formation of inclusion complex of LER is more prominent with HPβCD than βCD as 

more strong interaction is being observed with HPβCD inclusion complex. Accelerated 

stability studies was performed same as that of solid dispersion and no significant change 

was observed in % release and physical state of inclusion complex after 6 months. 

In vivo studies of optimized formulations of LER solid dispersion and inclusion complex 

were conducted in comparison with LER pure and marketed tablets of LER.  Statistical 

analysis of pharmacokinetic data revealed that there were significant differences between 

LER pure, LER marketed and optimized formulation of solid dispersion and inclusion 

complex in Cmax, AUC0-12, AUC0-∞, AUMC, MRT and tmax. Pharmacokinetic results 

obtained showed 1316.08±197.24, 1131.84±207.68, 848.29±117.19 and 401.35±46.79 for 

LER inclusion complex, LER solid dispersion, LER marketed and LER pure. AUC0-12 for 

LER inclusion complex, LER solid dispersion, LER marketed and LER pure was found to 

be 3031.05±433.35, 2538.21±428.05, 2057.83±209.85 and 1779.43±225.09 ng.hr/L 

respectively. These results suggest that inclusion complex and solid dispersion of LER 

improved the oral bioavailability of the antihypertensive agent LER. This enhanced 

activity is due to improved solubility and dissolution of drug which would lead to faster 

absorption and thus improved bioavailability of LER. 
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Cilnidipine (CLN) 

CLN was obtained as a gift sample from J. B. Chemicals & Pharmaceutical Pvt. Ltd., 

Mumbai. Preformulation studies were carried out for the authentication of drug. Also 

solubility measurements were carried out to generate a solubility profile of CLN in various 

media. The saturation solubility of CLN was found to be 0.00418±0.0001 mg/mL in 

distilled water. 

 

To increase the solubility and dissolution of CLN following approaches were used 

 Liquisolid compacts of CLN 

 Nanosuspension of CLN 

In the first attempt for solubility enhancement of CLN, Liquisolid compacts were 

formulated using factorial design. Solubility of CLN was measured in different non-

volatile liquids such as Poly Ethylene Glycol, PEG200, PEG400, PEG600, Tween 20, 

Tween 40, Tween 80 and transcutol. Out of all the non-volatile liquids, transcutol showed 

maximum solubility of 192.6 mg/ml and hence it was selected as non-volatile liquid to 

solubilize CLN. Similarly, to screen best carrier material amongst dicalcium phosphate, 

Avicel PH 102, Avicel PH 101 and Neusilin US2 and best coating material from Aerosil, 

Aerosil 200 and Cab-O-Sil, angle of slide was measured. From the results obtained, it was 

found that Neusilin US2 and Cab-O-Sil has maximum loading capacity as a carrier material 

and a coating material respectively. Compatibility study of selected excipients was 

performed by FTIR and no interaction was observed for any of the excipients. Hence 

liquisolid system was prepared using Transcutol HP as non-volatile liquid, Neusilin US2  

as carrier material and Cab-O-Sil as a coating material. To prepare liquisolid compacts, 

pure CLN powder was dissolved in the non-volatile liquid vehicle Transcutol to form a 

liquid medication. Then, carrier (Neusilin US2) and coating (Cab-O-Sil) materials were 

added to the liquid medication under constant mixing using a mortar and pestle, to produce 

a dry and free-flowing powder. Lastly 5 % w/w Croscarmellose sodium was added as a 

disintegrant and 1% w/w Magnesium stearate was added as lubricant into the liquisolid 

systems. The liquisolid admixture thus formed was granulated with PVPK30 solution and 

compressed into tablets.  
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32 full factorial design was employed to obtain final optimized formula for liquisolid 

compact with maximum solubility and enhanced dissolution. For factorial design carrier to 

coating ratio (R) and weight of non-volatile liquid (W) was considered as independent 

variables and each at three levels. Angle of repose, disintegration time and cumulative drug 

release at 30 min was taken as dependent variables. Along with angle of repose, carr’s 

index and hausner’s ratio of all the factorial batches were carried out. Post compression 

parameters such as friability, hardness, weight variation and content uniformity. 32 full 

factorial design so developed was validated using Design-Expert® Software (version- 

9.0.6, Stat-Ease).  

To check the reliability of applied mathematical model, check point batches covering the 

range of experimental domain with optimized results were prepared and evaluated. A close 

agreement was observed with the predicted and actual values of dependent variables of 

check point batches. This confirms that the mathematical model used was successfully 

validated. 

Solubility of optimized batch was found to be 0.021 mg/mL and 92.31± 0.17% release was 

obtained in 30 minutes. Optimized batch obtained from the factorial design, was subjected 

to solid state characterization. FTIR spectra of liquisolid compact showed characteristic 

peaks of CLN ruling out possibilities of any type of interactions. PXRD of liquisolid 

compact showed only peak corresponding to Neusilin US2, whereas clear absence was 

noted for any crystalline peak of CLN. This result is attributed to solubilisation of drug in 

non-volatile liquid followed by adsorption on Neusilin US2 and amorphisation of CLN. 

DSC thermogram of physical mixture showed endothermic peak with low intensity as 

compared to pure drug. However DSC thermogram of liquisolid compact did not show any 

peak which supports the conversion of crystalline CLN to amorphous drug in liquisolid 

compacts. SEM was performed to study the surface characteristic of carrier molecule 

before and after adsorption of liquid medication. The images obtained showed successful 

adsorption of liquid CLN onto Neusilin US2. 

 

In the second attempt for solubility enhancement, Nanosuspension of CLN was prepared 

by precipitation-ultrasonication method. Formulation of nanosuspension is affected by 

many factors; screening of these formulation and process related factors by trial and error 

technique is time consuming and can be inaccurate at times. Hence, Plackett–Burman 
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design was employed as the screening technique to determine the most significant factors 

that affected the formulation of microsponges using Design-Expert® software. The factor 

screened by the design were Conc of poloxamer 188  (X1), solvent to antisolvent ratio (X2), 

Concentration of drug (X3) Speed of agitation (X4), Sonication amplitude (X5), Time of 

sonication (X6), Concentration of Tween 80 (X7). The effect of these independent variables 

was checked on dependent variables (% average particle size and % release at 30 min). 

Pareto charts revealed that Concentration of drug (X3), Time of sonication (X6) and 

Concentration of Tween 80 (X7) significantly affects the nanosuspension characteristics. 

Hence these factors were considered as critical and subjected to further optimization. 

Final optimization of CLN nanosuspension was performed by Box-Behnken design. A 

total of 17 batches were prepared as given by Design-Expert® software. The effects of 

independent variables were selected from the screening design (Plackett Burman). 

Dependent variables Particle size, % Drug Release at 30 min and % Entrapment Efficiency 

were evaluated and results were statistically analyzed by Design expert software. The 

optimized batch(X1 0.83, X2 0.13 and X3 -0.99) for nanosuspension of CLN was obtained 

from the overlay plot and desirability function.  The optimized nanosuspension showed 

saturation solubility 0.0288±0.002 mg/mL, particle size of 280 ± 11.2 nm, 86.32±1.57 % 

w/w release at 30 min and Entrapment efficiency of 92.38 ± 1.1 %. The polydispersity of 

the optimized nanosuspension was found to be 0.176 with zeta potential of -23.30 mV.  

The optimized formulation was characterized by FTIR, XRD and TEM. FTIR of mixture 

of drug and polymer showed no interaction. XRD studies showed crystallinity of CLN has 

reduced in nanosuspension form.  

In vivo study of optimized formulations of CLN solid dispersion and inclusion complex 

was conducted in comparison with CLN pure and marketed tablets of CLN.  Statistical 

analysis of pharmacokinetic data revealed that there were significant differences between 

CLN pure, CLN marketed and optimized formulation of solid dispersion and inclusion 

complex in Cmax, AUC0-12, AUC0-∞, AUMC, MRT and tmax. Pharmacokinetic results 

obtained showed Cmax 23.67±1.50, 9.80±0.75, 7.93±0.24 and 6.46±0.28 for CLN 

Nanosuspension, liquisolid compacts, CLN marketed and CLN pure respectively. AUC0-12 

for CLN Nanosuspension, liquisolid compacts, CLN marketed and CLN pure was found to 

be 94.26±2.19, 54.06±0.16, 52.08±2.46 and 38.48±1.21 ng.hr/L respectively. These results 
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suggest that inclusion complex and solid dispersion of CLN improved the oral 

bioavailability of the antihypertensive agent CLN. This enhanced activity is due to 

improved solubility and dissolution of drug which would lead to faster absorption and may 

improve bioavailability of CLN. 

All the optimized formulations of LER and CLN were subjected to stability and 

photostability studies. At the end of the studies formulations were analysed for saturation 

solubility, in vitro release, drug content and physical state. No significant changes in 

characteristics of formulations were observed which was confirmed by similarity values 

(f2). 

Photo stability study suggests that LER and CLN are sensitive to sunlight in solution state 

and sensitive to UV light in solid form. Hence, the production processes has to be 

performed in a light protected environment. The comparison of selected methods to 

improve solubility of poorly soluble drug was done in terms of in vitro and in vivo 

performance as given in Table 8.1. 

TABLE 8.1 Comparison of in vitro and in vivo performance of formulations 

Formulation 

in vitro Characteristics in vivo characteristics 

MDT 

(min) 
DE30 (%) tmax (h) Cmax (ng/mL)* 

AUC( 0-t) (ng.h. 

mL-1)* 

LER Pure 13.74 28.52 0.75 401.35±46.79 1779.43±225.09 

LER MKT 13.64 46.92 0.5 848.29±117.19 2057.83±209.85 

LER Solid dispersion 9.86 63.12 0.5 1131.84±207.68 2538.21±428.05 

LER  HPβCD inclusion 

complex 

7.42 76.06 0.5 1316.08±197.24 3031.05±433.35 

CLN Pure 24.54 59.19 0.41 6.46±0.28 38.48±1.21 

CLN 

 Marketed 
22.39 62.11 0.41 7.93±0.24 52.08±2.46 

CLN Liquisolid 

compact 
11.77 73.79 0.25 9.80±0.75 54.06±0.16 

CLN Nanosuspension 12.06 71.78 0.25 23.67±1.50 94.26±2.19 

Data shown as mean±SD (n=3); MDT- Mean Dissolution Time , DE30% - Dissolutioon 
efficiency at 30 min. tmax - The time to reach maximum plasma concentration; Cmax - 
Plasma peak concentration; AUC - Area under the plasma-concentration–time curve. 
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Conclusion 

With the present investigations it can be concluded that solubility of poorly soluble drugs 

LER and CLN can be enhanced effectively using solubility enhancement approaches such 

as solid dispersion, inclusion complex, liquisolid compacts and nanosuspension. The 

results obtained proved that in vitro dissolution of both the drugs was improved after 

solubility enhancement as compared to pure drug and marketed tablet. Pharmacokinetic 

data proved the hypothesis of improvement in bioavailability proving that developed 

formulations have better oral absorption than the conventional dosage form and pure drug. 

Hence the developed formulations have scope of better patient compliance and therapeutic 

efficacy.  
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Appendix A 

Approval Certificates from CPCSEA & IAEC for pharmacokinetic studies on animals 
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Addendum 

Responses to the Examiner’s clarification 

 

1. Candidate should perform pharmacodynamics test for Lercanidipine 

hydrochloride and Cilnidipine formulation by estimating systolic and diastolic 

blood pressure. 

Clarification: 

The present work was targeted to increase the solubility of poorly soluble drugs 

Lercanidipine hydrochloride and Cilnidipine. The extent of improvement in solubility 

can be explained by the concentration of drug being available in the plasma and to 

evaluate the same, pharmacokinetic studies were performed in detail. The 

pharmacokinetic study performed for the optimized formulations of both the drugs have 

shown promising results in terms of increase in solubility, AUC and Cmax. However 

the pharmacodynamics test for the same can support the result obtained in the present 

research and this can be considered for the further extension of the research work. 

 

2. Different effect of morning and bedtime dosing, with Cilnidipine on blood 

pressure, heart rate and sympathetic nervous  activity in essential hypertensive 

patients has seen. Candidate should perform a pharmacokinetics study according 

to that to ensure the results. 

Clarification 

Wagner has studied the effect of morning and bedtime dosing of Cilnidipine on blood 

pressure (BP), heart rate (HR), and activity of the autonomic nervous system, using an 

open randomized crossover study in 13 essential hypertensive patients [1]. The detailed 

research concluded that Cilnidipine administered once daily is an efficient 

antihypertensive drug regardless of the time of dosing, without reflex tachycardia and 

increase in sympathetic nervous activity, and with partial inhibition of the morning 

activation of the sympathetic nervous system. On the basis of results obtained in this 

article the pharmacokinetic activity of Cilnidipine was performed after dosing the 

animals in the morning.  
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3. Lercanidipine shows polymorphism and available as amorphous forms, several 

crystalline forms and both mixture of crystalline forms with amorphous forms. 

The polymorph of the Lercanidipine in a dosage form may play a significant role. 

It may turn to influence absorption and subsequently therapeutic effect. In such 

cases it is very important that the polymorphic form of the Lercanidipine remains 

constant during the process of preparing formulation and its shelf life in order to 

ensure the consistent therapeutic activity of the drug. Concern of candidate about 

same polymorphic form does not seem anywhere in thesis. Candidate should 

mention the taken care of Lercanidipine.  

 

Clarification: 

The study of changes in crystalline structure of Lercanidipine Hydrochloride was 

performed by studying XRD pattern of the solid dispersion and inclusion complex of 

Lercanidipine Hydrochloride and it is included in Chapter 6A (Page no. 163) and 

Chapter 6B (Page no. 193) respectively.  

 

 

4. Chapter 6A. However, the ratio of drug to polymer is too High and hence, it would 

be interesting to know the dose of the drug and dosage regimen of the drug 

prescribed by the inventor. 

The prescribed dose of LER is 10 -20 mg/day. The solid dispersion prepared can be 

administered 70-140 mg/ day once daily for the effective antihypertensive effect. 

 

5. The repercussions on environment and solvent recovery along with the residual 

element of solvent in to the final product. 

The solvent used for the preparation is ethanol which belongs to the class 3 residual 

solvent as per USP and hence acceptable in pharmaceuticals for human use [2]. 

 

6. Chapter 7A: Liquisolid system of Cilnidipine 

It is observed that the amount of transcutol is very high. It would be more 

appropriate if any literature is available to support the use of such a high amount 

of surfactant. 
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Transcutol has been effectively used for the formulation of oral pharmaceutical dosage 

forms [3]. Various researches have been carried out in which liquisolid compacts and 

Self emulsifying drug delivery systems have been prepared using Transcutol as a non-

volatile solvent as high as in ration of 20% w/w [4, 5]. The above mentioned literatures 

are added in the thesis to support the use of high amount of transcutol in the preparation 

of liquisolid compacts of CLN. 

 

7. Chapter 7B: Nanosuspension of Cilnidipine. 

 

The method adopted here, is anti-solvent, precipitation method, followed by 

sonication. It would be more appropriate is the candidate can comment on the 

industry feasibility of this selected method and the solvent recovery and solvent 

traces present in the final product. 

The industrial feasibility of the manufacturing process is included in the Chapter 7B 

(Page no. 283). 

The solvent used for the preparation of CLN nanosuspension is methanol. As per the 

residual solvent details prescribed in USP [2], methanol falls under the residual solvents 

class 2 and the acceptable limit of methanol is 3000 ppm. In the current study, the 

optimized formulation contains 24.9 mg/ml of the CLN dissolved in methanol, which 

leads to use of 400 µl of methanol to solubilize 10 mg of CLN. Hence the single dose of 

nanosuspension can be prepared by 400 µl of methanol which is way lesser than the 

limit of 3000 ppm and so the solvent traces present in the final formulation after freeze 

drying is acceptable for human use. 
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