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Abstract 

The use of pellets as multiple unit dosage form has been extensive in recent years, increasing 

its importance due to numerous biopharmaceutical and technological advantages over 

traditional monolithic dosage form. Pellet as a dosage form offers better flow properties, 

narrow size distribution, less friability, easy coating and excellent packing characteristics. 

Pellets can be matrix or coated for enhancement of flow and mixing properties that ultimately 

reduces segregation and enhancing the physical and chemical properties of fine powder. 

Pelletization technique employed in the formulation of spherical beads or pellets with 

diameter ranges from 0.5-2 mm. Extrusion-spheronization is a multistage procedure for 

attaining uniform size pellets. Pellets produced by extrusion-spheronization have intrinsic 

tendency for sustained release of active ingredients. This method is especially beneficial for 

producing dense granules for sustained release oral dosage form pellets including minimum 

amount of excipients. Extrusion-Spheronization technique is superior as compare to other 

techniques due to simplicity, fast processing and high efficacy. 

Loxoprofen sodium is non-steroidal anti-inflammatory drug (NSAID) and inhibits 

prostaglandin biosynthesis by effecting cyclooxygenase enzyme. After oral administration, 

absorbed as a free acid form in GIT and then converted into active trans-alcohol metabolites 

(trans-OH). 

The objectives of this study were to prepare (i) immediate Loxoprofen sodium core pellets (ii) 

sustained release coated and matrix pellets of Loxoprofen sodium by Extrusion-

Spheronization technique. IR core pellets were formulated by using different ratio of Lactose, 

glyceryl mono stearate (GMS) and avicel pH 101. Sustained release coated pellets were 

prepared by application of Ethyl cellulose (10cps), Eudragit RS100 and Eudragit RL100 coat 

on Loxoprofen sodium core pellets by varying concentration of polymeric coatings. Sustained 

release matrix pellets were formulated by using Eudragit RSPO, Eudragit RLPO, glyceryl 

mono stearate (GMS), Avicel pH 101 and lactose in different ratio. Drug core, coated and 

matrix pellets were evaluated for flow properties, friability, swelling index, drug content and 

in-vitro drug release in 0.1N HCl (pH 1.2) and phosphate buffer (pH 6.8 and 7.4). Drug release 

rate was determined using model dependent approaches such as zero order, first order, 

Higuchi, Hixson-Crowell and Korsemeyer-Peppas models and model independent approach 
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i.e. f2 similarity factor. Fourier Transform Infra-Red Spectroscopy (FTIR), 

Thermogravimetric analysis (TGA) and X-ray Diffraction (XRD) techniques were used to 

access the drug-excipient compatibility of pellets. The shape of pellets were analyzed using 

digital stereomicroscope and aspect ratio, sphericity, perimeter, area and ferret diameter were 

calculated by applying image analysis software (Image J1.47v, USA). Surface morphology, 

smoothness, sphericity and cross section of pellets were also characterised by Scanning 

electron microscope (SEM). 

A simple, sensitive and accurate high-performance liquid chromatographic (HPLC) method 

for effective and specific analysis of Loxoprofen (LXP) in the mobile phase and human plasma 

was developed and validated. Effective chromatographic separation was attained on a 

Mediterranea Sea C18 column (250×4.6mm, 5um) containing mobile phase of acetonitrile and 

0.01 M NaH2PO4 buffer (55: 45) by adjusting pH 6.5 with sodium dihydrogen phosphate 

buffer. The flow rate of was 1ml /min and Loxoprofen was detected at 222 nm. The method 

was validated for linearity, lower limit of quantification (LLOQ), lower limit of detection 

(LOD), stability, inter-day and intra-day precision and accuracy in mobile phase and human 

plasma. The pharmacokinetic study was conducted for assessment of bioequivalence between 

optimized sustained release coated pellet (F4) as test formulation and immediate release 

marketed tablet as reference. This study was single centred, single dose, open labelled, two 

treatment, two sequence, two period’s randomized crossover with one-week washout period 

in fasted and fed state after 10 hours overnight fasting.  Five ml blood samples were withdrawn 

in heparinized tube at 0, 0.5,1, 1.5, 2, 2.5, 3, 4, 6, 8 and 12 h post dose for immediate marketed 

tablet and 0, 0.5,1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 14 and 24 h post dose for sustained release pellets 

in fasted and fed conditions. After centrifugation, Plasma was separated and 100µl 

deproteinized sample was injected by using above HPLC method. Pharmacokinetic and in-

vivo bioequivalence parameters including maximum drug concentration in plasma (Cmax), 

time for maximum drug concentration in plasma (tmax), mean residence time (MRT), half-life 

(t1/2) and area under the plasma concentration curve (AUC) were evaluated through non-

compartmental model by using Kinetica version 5.0 (Thermo electron corp, USA). Statistical 

analysis was calculated through Latin square design by using two-way analysis of variance 

(ANOVA) for crossover study and standard 90% confidence interval (Cl) of ratio test/ 

reference formulation. 

Micromeritic studies of core, coated and matrix sustained release pellets demonstrated 

excellent compressibility and flow properties of all formulations. The friability of all 
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formulated pellets was less than 1% that confirms higher mechanical strength of pellets. The 

maximum value of swelling index was shown in uncoated core pellets F1 (20%) and ethyl 

cellulose coated pellets F2 showed 16%. The immediate release drug core pellets (F1) released 

100% drug in 2 hr in acidic medium pH 1.2 (0.1N HCl) and followed first order release.  

Minimum drug release was found in an acidic medium which was sustained in a basic medium 

at a higher concentration of polymer coated formulations of Ethyl cellulose (15%), Eudragit 

RS100 (10%) and  Eudragit RL100 (10%). The matrix pellet formulations exhibited minimum 

drug release at high concentration of polymeric content in acidic medium. Matrix formulation 

containing polymers Eudragit RLPO and Eudragit RSPO revealed sustained release effect by 

releasing 80% drug at phosphate buffer pH 7.4 in 12 hours. Coated formulations F2, F4 and 

F5 followed first order and formulations F3, F6, F7 and F8 exhibited Higuchi release kinetics 

while all matrix formulations followed zero order release at pH 6.8 and Higuchi release model 

at pH 7.4. Uncoated drug core pellets (F1) exhibited polymer erosion and relaxation with super 

case II transport. Non-Fickian diffusion behavior (Anomalous release) was observed by all 

coated and matrix formulations. Drug excipients compatibility studies confirmed that there 

was no interaction between drug and polymers during formulation process. Results of Image 

analysis and Scanning Electron Microscopy (SEM) indicated formation of smooth surface and 

spherical pellets.  

Calibration ranged curve from 0.1ppm to 10 ppm with a coefficient of relation value 

(R2=0.999) by using a linear regression method and lower limit of quantification was 0.1ppm. 

The current method showed inter-day and intra-day accuracy and precision within the range 

of ±10%. Percentage RSD was less than 5 % and analytical recovery was more than 90%, 

which confirmed the reliability of method and found appropriate for assessment of 

Loxoprofen sodium in pharmacokinetic and bioequivalence studies. 

The time versus drug plasma concentration was used for the evaluation of pharmacokinetics 

and bioequivalence studies using Kinetica version 5.1.  Pharmacokinetic and bioequivalence 

studies of reference (Roxonin) and optimized SR coated pellet test formulation (F4)  exhibited  

mean AUClast values  24.54 ± 0.13 µg/ml×h and 27.70 ± 0.088 µg/ml×h while AUCtotal values 

were 24.57 ± 0.12 µg/ml×h and 27.74 ± 0.18 µg/ml×h for reference and test formulations in 

fasting condition. The calculated Cmax and Tmax values were 8.74 ± 0.538 µg/ml, 1.50 ± 0.056 

and 5.04 ± 0.0212 µg/ml, 6.01 ± 0.192, respectively. Bioequivalence results showed 90% 

confidence intervals (Cl) of AUClast was 99.99% (99.71-100.28%) and AUCtotal was 99.96% 

(99.52-100.40%) which were within range (85-125).  
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The effect of food was also observed on sustained release coated pellets. Optimized sustained 

release coated pellets (F4) in fast state was selected as reference formulation and same 

formulation in fed state was coded as test formulation. The calculated Cmax values were 5.06 

± 0.212 and 4.81 ± 0.057 for reference (fasted) and test (fed), respectively. The mean AUClast 

values were 27.74 ± 0.18 µg/ml×h and 29.75 ± 0.736 µg/ml×h while AUCtotal values were 

27.76 ± 0.180 µg/ml×h and 29.77 ± 0.736 µg/ml×h for reference (fasted) and test formulations 

(fed), respectively. Bioequivalence results showed 90% confidence intervals (Cl) of Cmax was 

100% (98.63-101.37), for AUClast was 100% (98.86-101.14%) and for AUCtotal these values 

were 100% (98.60-101.41%) within range (85-125) for reference (fasted) and test (fed) 

formulations. However, tmax is non-significant in bioequivalence studies.  

According to ICH guidelines, accelerated stability was performed under the condition of 40 

±2 °C and 75±5 RH. The assay of three batches of optimized coated (F4) and matrix pellets 

(F12) was within acceptable limit. Shelf life of formulations was calculated by using R Gui 

software and its exhibit 12 months for coated SR pellets (F4) and 10 months for matrix SR 

pellets (F12). 

The research project was effectively completed, achieving the goals of the formulation of   

immediate release core pellets and subsequently development of sustained release polymeric 

coated and matrix pellets formulation. According to pharmaco-economic point of view, this 

study discriminates cost effective elements and patient compliance in a significant way. This 

study open the new perspectives of  formulation development and optimization of pellet 

formulation, HPLC method development and validation in mobile phase and plasma, 

pharmacokinetic and bioequivalence study of optimized formulated SR coated pellets and 

marketed IR formulation on healthy human volunteers in fasted and fed conditions. 
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1. Introduction  

Oral modified release drug delivery gaining importance, popularity and effective alternative to 

immediate release oral dosage forms. The objective of these drug delivery systems is to achieve 

slow drug release over an extended period of time that is referred as a sustained or extended 

release system. Modified release dosage classified into single unit dosage form and multiple 

unit dosage form that is also stated as multi-particulate drug delivery. Single unit dosage form 

consists of the drug in single capsule or tablet whereas multi-particulate drug delivery consists 

of several small size particulates such as pellets, microspheres or nanoparticle added into a 

single unit dosage form.  

Multiparticulates coated with polymers or mixed with a polymer to prepare matrix formulations 

that act as effective sustained release formulations. These coated or matrix formulations filled 

in hard gelatin capsule or tablet compressed as the finalized shape of drug delivery. After oral 

administration of multiple unit pellets, subunit pellets distributed uniformly into the large 

surface area of gastro intestinal tract that improved bioavailability and minimizes local drug 

concentration, toxicity risk, and side effects. Bioavailability variation due to reduced food 

contents or premature release of drug in stomach potentially results in irritation of gastric 

mucosa or drug degradation.  Failure of few subunits in multiparticulate system would not a 

significant impact on the dose, unlike single unit dosage form, where failure may lead to dose 

dumping of drug. Another advantage of multiparticulates includes administration of 

incompatible drugs in a single unit by separation of different multiparticulate, a combination 

of multiparticulates with different rate of drug release to maintain desired release profile and 

easy adjustments of dosage unit strength. Uniform emptying rate of pellets from stomach, 

dissolution of drug in GIT and enhance absorption of drug results in reliable and controlled 

therapeutic effect.  

1.1. Multiple unit system 

Modified release formulations can be administered orally into multiple or single unit dosage 

forms. Single unit dosage form contains the active pharmaceutical ingredient in tablet or 

capsule, while multiple unit dosage forms consist of a number of particles that combine in one 

dosage form. These particles may exist as pellets, minitablets, resin particle, powders, crystals 

and granules in which drug layered around a core or entrapped inside the core (Abdul et al., 

2010; Aulton, 2000). Oral modified release multiple unit dosage forms has been a more 

effective therapeutic alternative to single unit immediate release or conventional dosage form 
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and final dosage form formulated from the single unit dosage form by capsule filling or tablet 

compression (Chen et al., 2017; Nupra G. patel, 2017).  

The main objective of multiple unit pellets system (MUPS) to control the release of drug and 

drug absorption in gastro intestinal tract (Abdul et al., 2010; Al-Hashimi et al., 2018).  Pellets 

in capsule filled MUPS dosage form significantly reduced inter and intra-individual variability 

in absorption of drug and clinical response. Enteric-coated dosage form shows premature drug 

release in stomach, which potentially results in irritation of gastric mucosa or drug degradation 

that can be reduced by MUPS due to rapid transit time as compared to enteric-coated 

formulations (Aulton, 2000; Dechesne and Delattre, 1987). Total drug divided into many 

subunits in multiple unit pellet system, the failure of some units does not significantly effect as 

in single unit dosage form. Other advantages include easy adjustments of different strength 

dosage units, incompatible drugs administration in different multiparticulate and combination 

different drug release multiparticulate (Abdul et al., 2010; Clarke et al., 1995).  

Multiple unit pellets can be compressed in to tablet or filled in a hard gelatin capsule, which is 

more common due to low production cost and production rate as compared to compressed 

tablets. Multiple unit pellets system divided into two different types, one consist of coated or 

reservoir pellets and other matrix pellets (Abdul et al., 2010; Gandhi et al., 1999). 

1.2. Pelletization 

Conventionally, pellets have been described as agglomerates that are prepared from different 

types of raw materials. Pellets can be defined as spherical or semi-spherical, free-flowing 

compact units with a size distribution between 500 and 1500 µm (Schmidt and Kleinebndde, 

1999; Supriya et al., 2012).   

Pelletization techniques are playing a dominant role in the last two decades in the 

pharmaceutical field (Basit et al., 1999). Pellets are produced primarily for oral controlled 

release dosage form having sustained release properties (Korakianiti et al., 2000; Sunil B., 

2013). They propose not only technical advantages, such as excellent flow properties, narrow 

particle size distribution, ease of coating, and uniform packing, less friable dosage form but 

therapeutic advantages like maximum drug absorption, less  gastric irritation, a least risk of 

side effects associated with dose dumping and reduction of peak plasma fluctuations due to 

uniform distribution in gastrointestinal tract (Evodokia S., 2000) (vikash et al., 2011). 
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Pellets recommended better flexibility during the development and design of an oral drug 

delivery system. Pellets frequently dissolve in gastrointestinal tract and as a result maximum 

absorption of drug, reduce local irritation of the mucosa affected by some drugs as the minor 

amount of drug exist in the single pellet and reduces variability in patients (Bathool et al., 2011; 

Tho et al., 2003). The pellet formulations can increase the safety and effectiveness of the active 

ingredient. Pellets have a brilliant flow rate and packing properties, resulting in a uniform and 

reproducible filling of capsules and tablets (He et al., 2011). 

1.2.1. Advantages of Pellets   

 Pellets are less vulnerable to dose dumping as compare to the single unit dosage form. 

 Gastric emptying rates variation, plasma profile fluctuation and transit time can be 

reduced by producing pellets.  

  Pelletization yields spheroids with an excellent loading efficiency of the active 

pharmaceutical ingredient without large particle production. 

 Pellets used for taste masking of drugs having a bitter taste.  

 Pellets reduce peak plasma fluctuation and which help in minimize the side effect 

without lowering the bioavailability of drug. 

 Pellets freely disperse in gastrointestinal tract and therefore the maximum amount of 

active ingredient absorbs (Dash et al., 2012). 

1.2.2. Disadvantage of pellets 

 Pellets are rigid and so can not be compressed into tablets.  

 The pellets production needs specific and expansive equipment. Pellets production 

process is difficult (Khanam et al., 2013). 

1.3. Pelletization techniques 

Different formulation methods were used in previous literature. The followings are 

Pelletization by extrusion and spheronization, globulation, compression, cryopelletization, 

drug layering, freeze pelletization, hot melt extrusion and balling (AravindaRam et al., 2012; 

Chatchawalsaisin et al., 2005). 
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1.3.1. Extrusion and Spheronization  

Extrusion Spheronization was established as a Pelletization method in early 1960. The 

uniformly size spherical pellets prepared in pharmaceutical industry through extrusion and 

spheronization process (Erkoboni, 2003; T et al., 2005).
 
It is particularly useful to make 

compact granules for oral controlled release dosage forms with a minimum quantity of 

excipients and high drug loading efficiency (GSI, 1989; Santos et al., 2005). It was used to 

produce multiparticulate for application of controlled drug release. The spheronization process 

produces uniformly size spherical particles called as spheroids or pellets, after multiple 

processes of wet mass extrusion depending upon the material used. This method has gained 

attention due to fast process, simplicity and excellent efficacy. The main advantage over other 

methods of producing drug loaded pellets is the ability to incorporate high levels of active 

ingredients without producing excessively large particles (Souto et al., 2005; Tomer et al., 

2002). 

Extrusion Spheronization is a multi-step compacted procedure consist of following steps. 

1.3.1.1. Dry mixing 

In this step, homogeneous mixing or powder dispersion is prepared by adding all ingredients 

using various types of mixers like tumbler mixer, planetary mixer, twin shell blender and high 

shear mixer (Kandukuri et al., 2009) (Charoenthai et al., 2007). 

1.3.1.2. Wet Massing 

This procedure involved to produce powder dispersion of appropriate plastic mass for 

Extrusion. This process is similar to wet granulation method but granulation point is decided 

by wetted mass behavior during extrusion process. The most common used granulator is a 

planetary mixer, Horbat mixer and sigma blade mixer (Dey et al., 2008; M.R.Abbaspour et al., 

2005a). 

1.3.1.3. Extrusion 

During this technique, the pressure applied to mass until it moves through an opening and 

regulates two dimensions of agglomerates of particles. This procedure contributes mainly to 

the final size of the pellets. The wet mass passes from the extruder to produce uniform size rod 

shape particles (Erkoboni, 2003; Iosio et al., 2008). The extrudate essentially has acceptable 

plasticity to deform but not too much that other particles adhere with extrudate during the 
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process of Spheronization. The granulation solvent used as a binder in granules formation and 

as a lubricant during the extrusion (Steckel.H and F, 2004; Trivedi et al., 2007). 

1.3.1.4. Spheronization 

 In 1964, Nakahara introduced a spheronization technique. The pellets formation depends on 

extrudate formulation. The spheronizer is a simple equipment consist of the bowl with fixed 

side walls and fast rotation of bottom disk or plate which is also called Merumerizer (Erkoboni, 

2003). The spherical pellets depend on frictional forces applied by particle-to-particle and 

particle-to-equipment interaction. The spheronization of a product usually takes 10-25 mins. 

The extrude obtained from granulation must contain cohesiveness, firmness, and plasticity 

throughout the entire process (Tho et al., 2001). This procedure consists of three stages such 

as extrudes breakage, agglomeration of broken pieces and particles smoothness (Gao et al., 

2013; Krogars et al., 2000). 

1.3.1.5. Drying 

The drying stage is required to get the desired moisture content in pellets.  Pellets can be dried 

at room temperature or in a fluidized bed or tray dryer at elevated temperature. According to 

studies freeze-dried pellets maintains their size and shape, whereas rough granules were 

produced due to uneven shrinkage of wet powder through oven drying (Kumar et al., 2012; 

Podczeck, 2008).  

1.3.1.6. Screening 

The Screening of pellets is essential to attain the desired size distribution and sieves are used 

for this purpose. To avoid the high size polydispersity index, screening is essentially required 

after manufacturing pellets by extrusion-spheronization process (Koo and Heng, 2001; Sri et 

al., 2013). 
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Figure 2.1: Sketch diagram of extrusion and spheronization process. 

 

 

  Figure 2.2: Principle of Spheronization process (Kandukuri et al., 2009). 
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1.3.2. Hot Melt Extrusion: 

This method is a modified version of extrusion-spheronization method with a combination of 

drug and excipients are transformed into the semi-molten or molten state by using suitable 

instrument to produce solid spherical pellets. This method is a simple, effective and continuous 

technique in which few processing phases involves. This process does not need prolonged 

drying because it does not need water or solvent addition as compare to granulation process 

(Rahman et al., 2011; T et al., 2005). 

1.3.3. Drug Layering:  

The drug layering process is precise and conventional Pelletization method. This process 

involves of deposition of drug in consecutive layers and dry powder on nuclei that may be 

granules or crystals of similar materials or inert starting seeds (Eskandari et al., 2009). Drug 

layering process consists of preparation of drug particles suspension or solution in the applied 

medium. The dissolve material forming solid bridges between initial layers of drug substance, 

core and polymeric content. Layering process is continuous until desired drug layer is formed 

(Kumari et al., 2013). Micronized drug particles are with a smooth surface, particularly desired 

through film coating, mostly for extended release dosage forms. The finished pellets 

morphology may be rough and may be unpleasant effect on coating process and coated 

formulation (Dukić-Ott et al., 2009; Sousa et al., 1996).  

In powder layering process, the liquid binder used in the formulation of dry drug powder 

consecutive layers and other excipients on initial cores by making liquid connections which 

are ultimately replaced by solid bridges (Nastruzzi et al., 2000).  To attain the desired size of 

pellets, consecutive layering of drug and binding solution are continuous (Sachdeva et al., 

2013). For commercial scale processing, the conventional coating pan was first apparatus to 

manufacture pellets but it has extensive limits as pelletization apparatus.  The degree of mixing 

and drying process is not efficient (Lakshmi.p.k, 2010; Ozarde et al., 2012). The Centrifugal 

fluid Bed granulator and tangential spray granulator are also used for powder layering process. 
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Figure 2.3: Dug layering by using suspension (Lavanya et al., 2011). 

 

1.3.4. Cryopelletization: 

Cryopelletization is a procedure in which solid spherical pellets are formulated from liquid 

formulations by the application of fixing medium liquid nitrogen at 1600Cº. The procedure 

produces immediate and uniform freeze of material (Kandukuri et al., 2009) in which quick 

heat transfer occurs between liquid nitrogen and droplets that are responsible for the whole 

process. The conventional freeze dryer is used for drying of pellets. Generally, one-kilogram 

pellets were prepared by using 2-5 kg of liquid nitrogen (Atilla et al., 1994; M. Koester and 

Thommes, 2010).  

1.3.5. Melt Spheronization: 

In melt spheronization process, drug and excipients are transformed into a semi-molten or 

molten state and suitable equipment is used to provide solid spherical pellets. The drug content 

is mixed with suitable excipients such as polymer, waxes and extruded at a fixed temperature 

(Cristopher, 2003). The temperature of extrusion must be adequate to melt at least one or more 

components of formulation. The extrudate is broken into uniform cylindrical segments with a 

cutter. The cylindrical segments are jacketed into spheronizer to produce uniform size pellets 

(Lindén, 2012). 

1.3.6. Globulation: 

The globulation process consists of two connected processes; one is spray drying and other 

congealing. They comprise of atomization of hot melts, solution, suspension to make spherical 

pellets (Bathool et al., 2011). 
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1.3.7. Spray Drying: 

In spray drying method, drug solution or suspension with or without excipients sprayed into 

hot air to produce dried spherical pellets. The evaporation of applied medium occurs as 

atomized droplets encounter hot air. Drying process persists through many stages, where the 

droplets viscosity increases constantly until the complete application medium is evaporated 

and solid spherical pellets are attained (Wan and Lai, 1991). This procedure is suitable for the 

development of controlled release pellets and generally employed for improvement in 

dissolution rate and the increasing the bioavailability of poorly soluble drugs. The spray-dried 

pellets are homogenous, uniform in size and approximately spherical in shape. The operation 

and design of spray drier can effect on final product characteristics such as particle size and 

size distribution, bulk density, moisture content, friability, flowability and porosity (M and SC, 

2005). 

1.3.8. Spray Congealing: 

The process in which drug is allowed to dissolve or disperse in hot melts of waxes, gums, fatty 

acids or other melted solids. This dispersion sprayed into hot air stream with below temperature 

of the melting point of formulating excipients and spherical congealed pellets are obtained 

under appropriate processing conditions (Atilla et al., 1994). 

1.3.9. Compression: 

Compression is a distinctive type of technique for pellets preparation. Pellets are administered 

in a capsule dosage form after developing with preferred modified release characteristics 

(Bashaiwoldu et al., 2004). However, they can also be compressed into a tablet dosage form. 

Pellets of uniform shape and sizes are formulated by compressing mixtures or active 

ingredients blending and excipients under pressure. The preparation and procedure variables 

regulate the quality of the pellets and preparing similar pellets as used in tablet manufacturing 

(Elias et al., 2012) 

1.3.10. Balling: 

Balling is pelletization procedure in which pellets are formulated by constant tumbling and 

rolling motion in drums, discs, pans, and mixers. The procedure comprises of the conversion 

of finely divided particles into spherical pellets by the addition of suitable amounts of liquids 

(Pai et al., 2012). 
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1.4. Factor affecting Pelletization technique 

1.4.1. Moisture content   

 The most important parameter used for pellet development in pelletization method. Moisture 

content brings cohesiveness in dry powder that can be extruded and spheronized to provide 

spherical shape. High moisture content leads to pellets agglomeration during spheronization 

process due to excess amount of water on pellets surface. Low amount of moisture content in 

pellets produces the generation of fines with excessive deviation in size distribution (K et al., 

1993; Otero-Espinar et al., 2010).   

  1.4.2. Rheological properties  

The Rheological properties of wet mass control the flowability in extruder. Optimum 

rheological condition leads to excellent flowability in order to extrude, the wet mass deviation 

in rheology make non-uniform and inappropriate extrusion, which produces non-spherical 

pellets (P et al., 1987; Reddy et al., 2011). 

1.4.3. Excipients solubility and drug in granulating fluid  

The drug with excellent solubility dissolves in a granulating liquid. By increasing the volume 

of liquid phase lead to over wetting of agglomeration of pellet sand increase in wetting liquid 

increases plasticity but makes sticky mass (Otero-Espinar et al., 2010; Vervaet et al., 1995). 

1.4.4. Granulating fluid composition  

 The earlier studies explained that a minimum of 5 % water used as of granulation liquid to 

formulate pellets (Dhandapani et al., 2012; Millili and Schwartz, 1990). Specific researchers 

used dilute acetic acid and water in different powder to liquid ratio and determined that mass 

fraction can be increased up to 100% by using dilute acetic acid for granulation step instead of 

dematerialized water (Haritha, 2012; Steckel.H and F, 2004). Aqueous polymeric dispersion 

including Hydroxypropyl Methylcellulose (HPMC), Eudragit, Polyvinyl pyrrolidone (PVP) 

and Gelatin also used in liquid moistening.  

1.4.5. Physical properties of preliminary material  

Variation in a formulation such as an amount and type of starting material, particle size and 

nature of filler has an effect on the process of pelletization. The quality of pellets depends not 

only composition but also on different grades of the same product. The swelling behavior of 
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material used in pelletization process designated the drug release rate in pellets (Koo and Heng, 

2001; Milojevic et al., 1996). 

 1.4.6. Spheronizer speed  

The spheronizer speed affects the hardness, sphericity, size and pellets density. High-speed 

spheronization provides low friability, surface smoothness, high strength of crushing and high 

sphericity (Köster, 2012; Wan et al., 1993). 

1.4.7. Extrusion screen 

The orifice screen significantly influenced the quality of extrudate. The size of pellets 

increased with the increase of orifice dimension and increase in depth of orifice reduced with 

the existence of water content at extrudate surface, that increased force of extrusion and then 

had a undesirable influence on shape and size distribution of granules (Dey et al., 2008; 

Rahman et al., 2011). 

1.5. Loxoprofen sodium 

NSAIDs are used extensively for the treatment inflammation and pain related to chronic 

conditions (e.g. osteoarthritis) and for minor conditions (fever, back pain, toothache, and 

headache). The oral use of NSAIDS also increased the risk of upper GIT problems such as 

bleeding and gastritis (Greig and Garnock-Jones, 2016).  

Loxoprofen is a pro-drug type, non-selective NSAID that was developed in Japan due to less 

adverse reactions related to NSAIDs. Oral preparations of Loxoprofen frequently available in 

most prescribing countries Japan and China since 1986 and also marketed in Africa, Middle 

East, and Latin America. In comparison to other NSAIDs, it has less gastric irritation and 

toxicity due to its absorption in the form of free acid. Loxoprofen sodium is used in different 

conditions like acute and chronic pain, strains, sprains, fever rheumatoid arthritis, dental pain, 

inflammation, low back pain, osteoarthritis, lumbago, per arthritis of shoulder and shoulder 

arm neck syndrome, operative pain and inflammation (Loya et al., 2011; Noguchi et al., 2005). 

1.5.1. Mechanism of action 

After oral administration Loxoprofen is converted into cis and trans metabolite, shows activity 

after its absorption into the systemic circulation (Sawamura et al., 2014). Loxoprofen inhibits 

the biosynthesis of prostaglandin E2 via non-selective inhibition of COX enzyme and 

thromboxane from arachidonic acid which in turn act as a messenger molecule in the process 



13 
 

of inflammation (Arakawa et al., 2009). Topical Loxoprofen also has similar analgesic and 

anti-inflammatory properties but it is relatively safe than oral Loxoprofen due to their reduced 

systemic absorption especially in elder patients, therefore, lesser adverse effects like 

cardiovascular and renal disorders (Greig and Garnock-Jones, 2016; Murakami et al., 2008). 

1.5.2. Pharmacokinetics 

 Loxoprofen was readily absorbed and shows peak plasma concentration 30 to 50 mins with 

active trans-OH metabolite after single oral administration. After  application of 1% 

Loxoprofen patches (400mg) in healthy human volunteers, peak plasma concentration was 

achieved within 4 to 6 hrs (Greig and Garnock-Jones, 2016; Mu et al., 2016). Plasma protein 

binding and its active metabolite trans-OH was found to be 97% and 93%, respectively in one 

hour after single oral dose (60 mg). After systemic absorption Loxoprofen is metabolized in 

liver by carbonyl reductase enzyme into cis and trans-OH metabolites in the liver. These 

metabolites undergo glucuronidation in liver to produce glucuronide conjugates which are 

excreted through urine and half-life reaches up to 1.25 h (Cho et al., 2006; Noguchi et al., 

2005).    

1.5.3. Pharmacodynamics 

The pharmacodynamic properties of Loxoprofen are well recognized. After topical or oral 

administration, the pro-drug Loxoprofen is converted into active metabolite which inhibits both 

cox 1 and cox 2 enzymes thereby suppressing the biosynthesis of prostaglandin (Arakawa et 

al., 2009; Tanaka K  1984). The anti-inflammatory and analgesic properties of Loxoprofen 

were found to be almost similar to commercially available NSAIDs .e.g. Ketoprofen, 

flurbiprofen, indometacin, etc (Hamamoto et al., 2006).  Loxoprofen topical therapy in diabetes 

type 2 patients for low back pain or knee pain is quite effective and had no significant effect 

on blood pressure or renal function  (Araki et al., 2014). 

1.5.4. Gastrointestinal Effects 

 Oral Loxoprofen was found to cause less damaging effects to intestinal mucosa than other oral 

NSAIDs in animal studies (Tanaka K  1984). In healthy volunteers, it was found that oral 

formulation of  Loxoprofen 180 mg per day for two weeks or in combination with proton pump 

inhibitor was concomitant with a significant risk of gastric ulcer and small intestinal mucosal 

injury (Mizukami et al., 2013). The oral Loxoprofen was found to have less toxic effects on 

intestinal mucosa than indomethacin (Kawano et al., 1995). 
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1.5.5. Therapeutic actions  

The therapeutic action of Loxoprofen has been evaluated through five randomized controlled 

trials in patients with post-operative pain, knee osteoarthritis and frozen shoulder treated with 

oral Loxoprofen 60mg three times daily. Loxoprofen was found effective as celecoxib, 

naproxen and ibuprofen in treatment of pain and inflammation associated with postoperative 

pain, knee osteoarthritis, non-surgical lumbar pain and frozen shoulder (Ohta et al., 2014; Onda 

et al., 2016; Sekiguchi et al., 2015). 

1.5.6. Dosage and administration 

Oral Loxoprofen was recommended for treatment of pain and inflammation induced by 

rheumatoid arthritis, lumbar pain, osteoarthritis, shoulder pain, and tooth pain to reduce pain, 

fever and inflammation. The recommended dose is 60mg tablet three times a day for patients 

of inflammation and pain or one or two tablets is taken on demand use for urinary tract infection 

patients. The daily dose of Loxoprofen should not exceed three tablets (180mg) daily and not 

take orally with an empty stomach. Loxoprofen 100mg patches and 50mg tape was 

recommended for pain and inflammation associated with osteoarthritis (Greig and Garnock-

Jones, 2016; Kim et al., 2018).    

1.5.7. Potential Drug Interactions 

Loxoprofen is soluble in water and is not metabolized by cytochrome P450 enzyme (Greig and 

Garnock-Jones, 2016). Drug interactions may arise by oral use with warfarin, enoxacin, 

sulfonylurea, lithium, methotrexate, antihypertensive agent or thiazide diuretics and also no 

clinical drug interactions were reported during topical drug delivery of Loxoprofen (Sugawara 

et al., 2006).    

1.5.8. Adverse drug reaction 

Loxoprofen orally or topically was well tolerated in clinical trials. According to labeled 

information, most common adverse drug reactions associated were GI Disorders including 

gastric disorder, nausea, vomiting, loss of appetite, drowsiness, anaphylaxis, hypersensitivity, 

blood Disorders like leukopenia and thrombocytopenia, Steve Johnson syndrome, renal 

disorders, and hepatic impairment. The ADRs does not appear during clinical trials of 

Loxoprofen however if any occur during therapy with Loxoprofen it will be resolved simply 

by discontinuation of therapy (Greig and Garnock-Jones, 2016; Onda et al., 2016).    
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1.6. Polymers used in the preparation of sustained release pellets 

1.6.1 Ethylcellulose 

1.6.1.1. Description  

Ethyl cellulose is non-ionic, pH insensitive, tasteless and free-flowing white powder. 

1.6.1.2. Physical properties 

The density and specific gravity of ethylcellulose is 0.5 g/cm3 and 1.13-1.16 g/cm3, 

respectively. It is most stable in all cellulose derivatives and melting point is 160 – 170 °C 

while glass transition temperature ranges from 125 – 140 °C (Rekhi and Jambhekar, 1995; 

Rowe et al., 2006). 

1.6.1.3. Solubility 

Ethyl cellulose is insoluble in water, glycerin, and propylene glycol but soluble in many organic 

solvents, like methanol, chloroform, ethanol and toluene or a mixture of these solvents. The 

degree of solubility depends upon the presence of the ethoxy group in ethyl cellulose (Kamel 

et al., 2008; Rekhi and Jambhekar, 1995). 

1.6.1.4. Pharmaceutical application 

It is used as, film former, thickener, film coating of microcapsules, tablets and pellets alone or 

combination with other hydrophilic polymers. Ethyl cellulose used to mask the taste, 

suspending agent and stabilizer in topical and oral formulations and also modify the release of 

drug in matrix tablets (Kamel et al., 2008; Rowe et al., 2006). 

1.7. Acrylic acid-base polymers 

Eudragit polymers are a diverse range of polymethacrylate base copolymers, which consist of 

anionic, cationic and neutral copolymers based on methacrylic acid and acrylic acid derivatives 

in various proportions. Different Eudragit polymers are marketed by Evonik Industries, 

Germany, which was primarily introduced by Rohm &Hass GmbH, Darmstadt in 1953 

(Thakral et al., 2013).  

1.7.1. Types of Acrylic acid-base polymers 

Eudragits synthetically obtained by the free radical polymerization of acrylic acid and 

methacrylic acid or their esters in different concentration. Functional properties of copolymers 

and final polymer adjusted by monomer selection. Different grades of Eudragit polymers are 
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available commercially in the form of granular or dry powder, organic solution and aqueous 

dispersion for example Eudragit RSPO, Eudragit RLPO, Eudragit RS100 and Eudragit RL100, 

(Rowe et al., 2006; Singh et al., 2015; Thakral et al., 2013).  

1.7.2. Physical properties   

Eudragit polymers available white powder or granules, colorless and amine-like odor. 

Eudragits are non-absorbable, non-biodegradable and nontoxic (Singh et al., 2015). The 

physical properties of Eudragit polymers shown in table 1.2. 

 

Table 1.2: Physical properties of different grades of Acrylic acid-base polymers. 

S. 

no 

Eudragit 

grade 

Available Density 

(g/cm3) 

Glass transition 

temperature 

(°C) 

Molecular 

weight 

(g/mol) 

Loss 

on 

drying 

1 Eudragit 

RS100 

Granules 0.831-

0.852 

65 32000 ≤ 5% 

2 Eudragit 

RL100 

Granules 0.831-

0.852 

70 32000 ≤ 5% 

3 Eudragit 

RSPO 

Powder 0.816-

0.836 

65 32000 ≤ 5% 

4 Eudragit 

RLPO 

Powder 0.816-

0.836 

70 32000 ≤ 5% 

 

1.7.3. Solubility 

One gram of Eudragit dissolved in 7 gram of aqueous methanol, ethanol, isopropyl alcohol, 

acetone (contains 3% water) and soluble in 1N sodium hydroxide to provide clear to the cloudy 

solution. It is practically insoluble in petroleum ether and water (Lin et al., 2000; Rowe et al., 

2006; Thakral et al., 2013).  They form an insoluble film in pure water and dilute acid that 

resists in the gastric medium. 

1.7.4. Pharmaceutical application 

Eudragit RS100 and RL100 used in sustained release water-insoluble film coating, custom 

tailored release profile and in matrix formulation due to low permeability and pH-independent 
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swelling. It is also used as bioadhesive material, controlled release agent, film former and tablet 

binder (Chang and Hsiao, 1989; Rowe et al., 2006).  

 Eudragit RSPO and RLPO can be used to sustain release formulations of microballons, matrix 

pellets, micro tablets, mucoadhesive tablets and microspheres with low permeability and pH-

independent swelling.  It is also used as bioadhesive material, controlled release agent, 

emulsion stabilizer, stabilizing agent, film former and tablet binder (Rowe et al., 2006; Thakral 

et al., 2013).  
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2. LITERATURE REVIEW 

2.1. Coated pellets 

 Kuang et al., 2017 prepares enteric-coated pellets of duloxetine hydrochloride by using 

different enteric coating polymers. Three consecutive layers include drug layer, enteric-coated 

layer, and barrier layer were applied on core pellets. Optimized formulation was prepared by 

fluidized bed processer employing suspension layering method with a variety of enteric 

polymers like Eudragit L30D55, HPMC, and Aqoat AS-LF. Formulated pellets were evaluated 

for physical characterization and in vitro drug dissolution. Pellets morphology was observed 

by scanning electron microscopy and the mechanism of drug release was calculated by the 

application release kinetic models. Similarity factors (f2) of formulated pellets filled capsules 

and marketed capsule were more than 50 in Dissolution medium phosphate buffer 6.8 pH. SEM 

micrograph exhibited that Aqoat AS-LF and Eudragit L30D55 based pellets were smooth in 

surface, while HPMC pellets were found the rough surface. Pellets prepared by employing 

Aqoat AS-LF and Eudragit L30D55 were optimized formulations based on stability and 

dissolution profile (Kuang et al., 2017). 

Abbas et al., 2016 determined the different variables on swelling and permeability of films and 

method optimization. Full factorial statistical experimental design was used and twenty 

formulations were formulated by solvent evaporation method by using Ethylcellulose, Eudragit 

RS and Eudragit RL as sustained release coating polymer. Permeability, swelling and water 

vapor permeability of free films were carried out in both acidic and basic medium. Result 

demonstrated that increase in Eudragit RS ratio, film thickness lowered swelling, permeability 

and water vapor transmission in all formulations whereas 40 % increase in ethyl cellulose 

quantity decreases the swelling and permeability. It was concluded that pellets coated with 10% 

coating of Eudragit RS and ethyl cellulose showed appropriate drug release properties and 

serve as suitable sustained release dosage form of theophylline (Akhgari and Tavakol, 2016). 

Iqbal et al., 2016 formulated extended release coated matrix pellets of Itopride HCl by 

extrusion-spheronization and determining the influence of viscosity grade and polymer 

concentration on high water solubility drug.  Matrix pellet consists of polymers like ethyl 

cellulose, hydroxypropyl methylcellulose (HPMC K100M, K4M, K15M,), lactose and 

microcrystalline cellulose. The preliminary fast drug release from matrix pellets efficiently 

controlled by ethylcellulose coating. In vitro dissolution of coated pellets were carried out at 

different medium and drug release data were analyzed for kinetics. Surface morphology and 
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cross section of pellets were examined through a scanning electron microscope. Coated 

formulations were best elucidated by Higuchi release model. However, ethylcellulose coated 

pellets followed zero order model. (Nasiri et al., 2016). 

Srikanth et al., 2013 developed sustained release pellets of Nefidipine and evaluating the 

different parameters affecting sustained release pellets behavior.  Pellets were prepared by 

powder layering technique and Eudragit RS100 and Eudragit E100 used in different ratios as 

rate controlling membrane in two separate layers. Formulated pellets were evaluated according 

to Pharmacopeial standards including pellet size distribution, pellet shape, flow properties, 

drug excipients compatibility, drug content determination, and drug release. Combination of 

Eudragit RS100 and Eudragit E100 with polyethylene glycol and sodium lauryl sulfate 

exhibited best results. Drug release configuration could be attained by variation in excipients 

and polymer ratio which was optimized to match sustained release profile. Formulation F5 

showed 95% of drug release after a 24th hour and the best formulation was considered. Stability 

studies demonstrated that formulation has no significant change even after one month study 

(Baloju et al., 2013). 

Yang et al., 2012 designed sustained release products of Venlafaxine hydrochloride and 

elucidated the effect of coating film composition on drug release rate and in vivo studies. 

Extrusion spheronization method attained pellets of 0.8-1.0 mm diameter and coated with ethyl 

cellulose 10 cps and Eudragit NE30D. Desired sustained release effect achieved by varying 

different pore-forming agent percent, different coating materials, and coating weight variation. 

In vitro dissolution was perform and kinetic release data analyzed in cumulative drug release 

from pellets. SEM micrograph revealed morphology changes in coating surface of pellets, 

which were associated with in-vitro drug release behavior. Relative bioavailability of 

formulations was evaluated on six healthy beagle dogs in fed state after oral administration of 

sustained release Effexor XR capsule as reference. It was found that there was quite a different 

between oral absorption and in vivo studies besides two formulations have similar in vitro drug 

release profiles that attributed to variation in release behavior and complex in vivo 

environment. Therefore the difference in film rough surface and microstructure initiated by 

organic solvent and aqueous dispersion coating method influences the oral absorption and in-

vivo drug release (Liu et al., 2012). 

Michele et al., 2012 evaluated different polymers behavior used as binders in pellets for the 

oral dosage form.  Formulations consist of paracetamol and one polymer from following: 
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methyl cellulose, hydroxypropyl methyl cellulose, polyethylene glycol 1500 and polyvinyl 

pyrrolidone and evaluated for various binding properties of the polymer. Pellets were prepared 

by extrusion-spheronization and were subsequently subjected into fluidized bed dryer for 

drying. Pellets were characterized for friability, density, granulometry, and drug content 

analysis. The results revealed that production of pellets affected by different binders in different 

ways. Physicochemical test and in vitro dissolution of pellets illustrated that formulations acted 

like immediate release behavior. Obtained pellets favor release profile for orally disintegrating 

tablet. Results concluded that USP apparatus 3 (Bio-Dis) performed more appropriate for 

discriminating formulations than dissolution apparatus 1(basket method) (Issa et al., 2012). 

Jaleh et al 2012 formulated time and pH-dependant colon targeted compressed pellets tablet of 

budesonide.  Extrusion- spheronization method was used in core pellets formation, xanthan 

gum as a barrier layer, combine Eudragit L30D55, and NE30D as an inner layer and Eudragit 

FS30 as enteric-coated layer consecutively achieve required drug release profile. Then 

compression of coating pellets into tablets using pearlitol or cellactose as inert tableting 

granules. Drug release was performed in simulated gastric, intestinal, and colon pH. Influence 

of preparation variables like the thickness of barrier layer, inner layer, and thickness of the 

enteric coating on release of drug was studied. Coated pellets that contained 12-15 % xanthan 

gum barrier layer, inner layer Eudragit L30D55, and NE30D with a ratio of 3:7 and 25% enteric 

layer of Eudragit FS were minimized the drug release in acidic medium and small intestine. 

Drug release from coating pellets based tablet showed similarity with non-compressed pellets 

(Varshosaz et al., 2012 ). 

Nikolett et al., 2010 estimated the influence of microcrystalline cellulose, sugar and isomalt on 

drug release from sustained release coated pellets and evaluated the impact of the various ratio 

of polymethacrylate copolymers. These copolymers exhibited a variety of permeability 

characteristics on the rate of drug release. Formulated pellets were characterized for osmolality 

effect by using glucose in the dissolution medium as an osmotic agent. Diclofenac as a model 

drug was layered on pellets core and different ratios of Eudragit RL30D and Eudragit RS30D 

were coated in fluidized bed dryer. Physical properties such as size, shape and mechanical 

strength proved that inner cores were suitable for further process. The results confirmed that, 

besides coated polymer ratio, drug release  mechanism was also influence by core types, 

isomalt and sugar pellet cores revealed similar profiles of drug release (Kállai et al., 2010). 
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Vaishali et al., 2010 formulated immediate release enteric-coated pellets of Aceclofenac with 

poor solubility and has a gastrointestinal intolerance. Enteric-coated pellets formulations of 

Aceclofenac improve solubility and solved gastric intolerance problem. Extrusion 

spheronization process was used to prepared pellets using pelletizing agents that enhance 

disintegration time and improve the drug solubility. Different disintegrants like kollidon CL, 

sodium starch glycolate, β-cyclodextrin, and Ac-Di-Sol were employed to increase 

disintegration time. The pellets were characterized for particle size, drug content, flow 

properties, disintegration time, surface morphology, FTIR and in vitro dissolution. Formulation 

coated with Eudragit L100-55 showed best dissolution profile and disintegration time, which 

does not dissolve at acidic medium but pellets showed immediate drug release in the intestinal 

medium. The optimized enteric-coated formulation containing sodium starch glycolate, lactose 

and carrageenan did not inhibit drug release for two hours in acidic medium. Therefore, 

dissolution results recommended that combination of sodium starch glycolate and carrageenan 

resulted into immediate release fast disintegrated pellets, increased bioavailability of poorly 

soluble Aceclofenac resolved and enteric coated pellets avoid Aceclofenac exposure to 

stomach area of the gastrointestinal tract (Kilor et al., 2010b). 

Golam et al., 2008 calculated the influence of two plasticizers, polyethylene glycol 600 and 

triethyl citrate on in vitro drug release from diclofenac sodium sustained release pellets. 

Eudragit RS 30D used as retarding polymer and plasticizers were used at 15% and 10% in 

formulations. Powder layering technique was employed in pellets preparation and coating with 

Eudragit RS 30D. Differential scanning calorimeter studies exhibited no complexation or 

interaction between excipients and drug used in process of pelletization. Different batches of 

coated pellets confirmed that there was no significant difference among the physical properties 

of pellets. From in vitro dissolution, drug release in acid media was very negligible 5 % at 2 

hours but only 30% drug released in buffer at 10 hours containing PEG 6000 and TEC, 

respectively. The results indicated that Eudragit RS 30 D significantly retarded the drug release 

rate, amount and type of plasticizers also effect on drug release rate. Amount of triethyl citrate 

significantly affected drug release in the coating formulation, whereas polyethylene glycol 

6000 has no significant effect. All formulations followed zero order kinetics and mechanism 

of drug release was Korsmeyer-Peppas equation (Kibria et al., 2008). 

Dukic-Ott et al., 2008 formulated starch-based pellets coated with the dispersion of Eudragit 

L30 D-55 by varying concentration from 15% to 30% w/w micronized anhydrous theophylline 

and piroxicam used as a model drug.  Water solubility, particle size, friability, surface 
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morphology, sphericity, ferret diameter, and drug release were characterized. The level of 

sorbitol and influence of drying method accessed by mercury intrusion porosimetry and 

scanning electron microscope. Fluid bed dried pellets showed a cracked surface as compared 

to oven dried pellets. Theophylline pellets with lowest coated thickness released drug up to 

30% drug in acidic medium in 2 hr. Drug release from pellets depends on pellets composition 

and surface morphology effect by drying method. Piroxicam release was less than 1% in acidic 

medium due to its poor solubility and maximum drug release was found in basic medium. 

Bioavailability studies of coated and uncoated piroxicam were determined in six dogs. 

Bioavailability parameters like AUC, Cmax and Tmax confirmed that piroxicam pellets results 

were not significantly different from immediate-release capsules (Dukić-Ott et al., 2008).  

Sikha et al., 2011 estimated the influence of spheronization time, spheronizer speed, and water 

content on physical appearance and properties of pellets. Microcrystalline cellulose is a major 

component in formulation due to its idyllic rheological parameters for extrusion-spheronization 

process. A full factorial design was used to determine the effect of significant factors and their 

response. Particular procedure variables were calculated and their influence on sphericity, 

yield, moisture content, and density was estimated.  After optimization of numerous production 

variables, regular size and shape were obtained which increase the functional effectiveness of 

the coating. Optimal pellet size range was attained with spheronization time and a maximum 

amount of water.  High spheronization speed formed more sphere-shaped pellets than low 

spheronization speeds. Smooth surface and good sphericity of pellets were achieved with 

higher spheronizer speeds (Dua et al., 2011). 

Yasser and Sami, 2008 evaluated the thermal and mechanical properties of the film formed by 

Eudragit L30 D and Eudragit NE 30D blends in different ration and dissolution behavior of 

coating pellets. Casted films were estimated for thermal differential scanning calorimetry and 

texture analysis. Increased concentration of Eudragit NE 30D increases softness, miscibility 

and reduces film stiffness. Surface morphology coated pellets and films were evaluated before 

and after in vitro dissolution by scanning electron microscopy. Scanning electron microscope 

results exhibited pore size formed in formulation after dissolution at pH 6.8. The results 

concluded that increase coating weight gain from 15% to 120% delayed drug release (El-Malah 

and Nazzal, 2008). 

Chongmin et al., 2007 developed colon targeted drug delivery of Indomethacin by a coating of 

Eudragit FS30D and guar gum successively on drug-loaded pellets. In vitro results exhibited 
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that small amount of weight gain of guar gum results in reduced lag time release but cumulative 

weight gain provides core protection and adequate enzyme sensitivity. Drug release from 

Eudragit FS30D coated pellets rapidly after changing pH 1.2 to 6.8 or 7.4 but double coated 

pellet by 5% drug release in one hour in acidic medium. After pH changes to 6.8, drug release 

was enzyme dependent. In vivo pharmacokinetic study in healthy beagle dogs revealed fast 

drug absorption with small Tmax for uncoated pellets whereas in Eudragit FS30Dcoated pellets 

Tmax delayed to 2.5 hours. It was indicated that Eudragit FS30D and guar gum coated system 

potential candidate for colon drug delivery (Ji et al., 2007). 

Ghfari et al., 2006 formulated theophylline pellets through extrusion spheronization method by 

using microcrystalline cellulose. The aqueous dispersion of Eudragit RS was used as a coating 

solution for pellets with various amount of chitosan pectin complex and different coating 

quantity addition using fluidized bed drier. Two factors effect on twelve developed 

formulation: the amount of chitosan pectin complex: coating mass gain. In vitro studies were 

carried through USP apparatus I in dissolution media of acidic medium, basic medium (small 

intestine or colon). Drug release studies have shown that drug release pattern was dependent 

on above mentioned two factors. Burst and bimodal drug release were shown in colon medium 

by pectinolytic enzymes action. Formulations gain coating mass up to 20% (m/m) and chitosan-

pectin 10%, burst release was excluded and switched with lag phase release of the drug. Burst 

drug release in the colon, formulations with coating mass gain up to 20% and chitosan pectin 

20% elucidated better results than other formulations. SEM results of coated and uncoated 

pellets confirmed that coated pellets were smooth in surface and in colon medium may result 

in surface erosion (Ghaffari et al., 2006). 

Kramar et al., 2003 evaluated sustained release multiparticulate of Diclofenac sodium using 

fluidized bed apparatus by three formulating parameters for an aqueous dispersion of 

polymethacrylic film application. The selected independent variables were Eudragit RL: 

Eudragit RS ratio, plasticizer concentration, quantity of coating material with three levels, 

three-factor Box Behnken design. Response surface plots were used to relate independent and 

dependent variables. The level of Eudragit RL: Eudragit RS ratio, plasticizer concentration, the 

quantity of coating material were 3/1, 25% and 400g, respectively. Surface morphology and 

thermal characteristics of polymethacrylate films recognized the effect of plasticizer 

concentration on the release of drug from pellets (Kramar et al., 2003).  
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2.2. Matrix pellets 

Papan et al., 2017 prepared tanshinol sustained release pellets due to poor intestinal absorption 

of Tanshinol, bioavailability improvement and sodium caprate was used as an absorption 

enhancer. Then, Extrusion–spheronization technique was used to prepare coated tabled with 

Tanshinol, sodium caprate and microcrystalline cellulose at a weight ratio.  Eudragit 

RS30D/RL30D dispersion was used for coating solution. Dissolution results showed that 

rotation rates and release methods had no remarkable effects on the drug release of optimized 

formulations. Non-fickian diffusion mechanism was found as a release mechanism. The pellets 

were occupied a dispersion layered spherical structure and three months storage at 40C/75% 

RH is required for pellet stability. Consistent, effective and synchronized pharmacodynamics 

were seen with the optimized formulation in rabbits with angina pectoris. It was concluded that 

sustained-release pellets containing absorption enhancer provide a potentially prolonged and 

efficient release of hydrophilic drugs with considerably lower intestinal absorption (Yu et al., 

2017). 

Martin et al., 2017 developed thiolated pectin base mucoadhesive pellets using extrusion and 

spheronization method. Pectin thiolation was accomplished by thioglycolic acid esterification 

and thiol group content and molecular weight of pectin was determined. Pellets were prepared 

by adding microcrystalline cellulose, pectin, and Ketoprofen and they were evaluated through 

mucoadhesion wash off test and in vitro drug release. Thiolation produced 13 % increase in 

molecular weight of the polymer. Thiolated pectin based pellets exhibited six-hour adherence 

to the intestinal mucosa and revealed further gradual release of Ketoprofen. While non thiolated 

pectin based pellets displayed rapid detachment in 15 minutes and disintegration. It was 

concluded that thiolated pectin based pellets can be considered as a potential candidate for oral 

mucoadhesive drug delivery (Martins et al., 2017). 

Hegyesi et al., 2017 produced multiparticulate matrix system of two active ingredients enalapril 

maleate and hydrochlorothiazide. A factorial design was helpful to investigate critical control 

points of the process. By diffusion, modified drug release ensured by generally used 

microcrystalline cellulose, ethyl cellulose.  Extrusion and spheronization method with twin-

screw extruder was applied to produce matrix pellets. The purpose of the study was to 

investigate how two different APIs with different particle size and solubility effect on the 

process. The pellet shaping was defined by the amount of granulation which plays a key role 

(Hegyesi et al., 2017) 
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Hadi et al., 2017 formulated matrix pellets by extrusion-spheronization to evaluate the 

influence of ethyl cellulose addition and type of granulating liquid Surelease or water. Pellets 

were evaluated for particle size analysis, mechanical strength, dissolution behavior, thermal 

differential scanning calorimetry, and scanning electron microscopy. Exclusion of wet mass 

was decreased upon by the addition of ethyl cellulose so that complete substitution of 

microcrystalline cellulose was not possible. Pellets of rough surface and larger diameter were 

produced due to increase in EC percentage. Addition of Ethylcellulose produced complications 

for mechanical properties of pellets but had nominal impact on drug release profile.  The use 

of granulating liquid Surelease produced smooth pellets with higher production yield but 

release rate of drug was decreased due to granulating material. Drug release was not affected 

due to replacement of MCC with EC but changed the physical and mechanical properties of 

pellets. Although, the rate of drug release and desirable matrix pellets caused a problem due to 

the use of Surelease as granulation liquid (Garekani et al., 2017). 

 Sareipella et al., 2016 formulated pellets with cross-linked polyvinyl pyrollidine, Polyplasdone 

XL10 and INF 10 by using experimental design. The process parameter including pellet shape, 

pellet size, pellets yield and friability effects on the features of pellets. The five factors 

including spheronizer speed, water volume in wet mass step, wet mixing and spheronization 

time were Polyplasdone level in the powder blend. Each factor and its two-factor interaction 

with another factor affected pellet properties. The behavior of these materials have been 

assessed, discussed, and explained during extrusion spheronization (Saripella et al., 2016). 

Abbaspour et al., 2014 prepared loratadine based self Nano-emulsified drug delivery by 

extrusion-spheronization technique. Liquid self nano emulsifying drug delivery system was 

usually prepared in hard gelatin capsules that suffer from different disadvantages. SNEDDS 

was comprised of liquid paraffin, transcutol, span 20, capriole and loratadine as poor a 

solubility drug. SNEDDS pellets were formulated by multilevel factorial design, which 

consists of liquid SNEDDS was mixed with microcrystalline cellulose, lactose, sodium 

croscarmellose and silicon dioxide. The prepared wet mass converted into pellets by extrusion-

spheronization. Formulated dry pellets characterized for particle size, friability, image analysis 

and in vitro drug release study. Optimized SNEDDS pellets formulation was compared with a 

conventional tablet or pellets of Loratadin. Uniform size and shape was exhibited in all 

formulations. Formulation variables showed the negligible effect on pellets after friability. In-

vitro drug release of SNEDDS pellets was more than powder tablets and SNEDDS liquid. 

Current Study proved that extrusion and spheronization is sustainable technology to produce 
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industrial-scale self-emulsifying pellets that can increase solubility and in vitro drug release 

(Abbaspour et al., 2014). 

Naser et al., 2014 designed controlled release pellets of repaglinide to retain its therapeutic 

level and to eliminate its adverse effects. Sustained release Repaglinide matrix pellets were 

prepared by using extrusion spheronization method and consisting of lactose, avicel, sodium 

lauryl sulfate and different polymers. USP paddle apparatus was used to evaluate in vitro drug 

release for 12h in phosphate buffer to check the effect on different formulations. The optimized 

formulation with an acceptable size distribution, flowability and friability was administrated 

orally to diabetic and normal rats. Blood glucose level in diabetic rats and in normal rats was 

decreased by giving these formulations throughout 8 to 12 hour (Tavakoli et al., 2014). 

Abbas et al., 2013 formulated Mesalazine pellets of colon drug delivery by using Eudragit RL 

and Eudragit RS as time dependent polymer and pectin as microbial degradable polymer 

employing full factorial design. Formulated pellets were evaluated for micromeretic properties, 

SEM, image analysis, DSC, FTIR and in vitro drug release at different medium. Minimum 

amount of drug release in simulated gastric fluid from pectin based pellets whereas pectin and 

Eudragit RS containing pellets showed burst release effect in the simulated colonic fluid. It was 

indicated that combination of Eudragit polymers and pectin control the drug release in gastric 

medium while pectin was degraded in pectinase presence and formulations were vulnerable in 

colon medium (Akhgari et al., 2013). 

Abbas et al., 2013 investigated the formulation parameters affecting pellet quality by 

preparation of sustained release Mefenamic acid pellets and in vitro drug release. Mefenamic 

acid pellets were prepared by pellet forming agents such as microcrystalline cellulose in 

combination with lactose and water as the binding liquid through extrusion and spheronization 

technique. Formulated pellets were characterized for sieve analysis and in vitro drug release. 

The addition of 2 % polyvinyl pyrollidine to MCC-lactose ratio did not affect binder ratio and 

torque ration. Particle size had small span values (0.56–0.67) and ranged from 945 to 1089 

mm. Moreover, an inverse relation was recognized between in vitro drug release and 

rheological properties of wet mass pellets. It was concluded that by monitoring wet mass 

characteristics by measuring torque, matrix pellets of Mefenamic acid could be successfully 

observed (Ibrahim, 2013) 

Hadi et al., 2013 prepared Eudragit RS based pellets to calculate the influence of concentration 

and type of binding agent. Pellets prepared by extrusion-spheronization method contains 
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ibuprofen, Avicel, and Eudragit RS. PVP K90, PVP K30, HPMC 6cp, HPMC K100LV, and 

HPMC K4M  used as binder of 2- 6% concentration according to total weight of the 

formulation. Pellets were investigated for pellet shape, pellet size, process efficiency, elastic 

modulus, crushing strength and drug release. Reduction in the yield of pellets, wider particle 

size distribution, spherical shape and problem in extrusion-spheronization process occurred 

due to an increase in binder viscosity. As the concentration of PVP increased, crushing strength 

and elastic modulus of pellets decreased. The rate of drug release increase with the increase of 

binder concentration.  During the mechanical test, the brittle nature of pellets produced plastic 

deformation and curing changed the behavior of pellets. Elastic modulus and yield point 

decreased in all formulations after curing. The pellets properties were considerably affected by 

type and concentration of binder (Garekani et al., 2013). 

Pradum et al., 2013 N prepared HPMC K15M and carrageenan based Nefidipine matrix pellets 

by extrusion-spheronization. Pellets were characterized by flow properties, particle size, drug 

content, sphericity, production yield, stability studies, SEM, FTIR, DSC, in-vitro dissolution, 

ex vivo mucoadhesion, and similarity factor. Formulation N6 showed excellent flow properties 

and surface mucoadhesion of 91.34 %, sufficient porous spheres and drug content 98.21 ± 0.37 

%. It was revealed that formulation following Higuchi model with fickian diffusion. There was 

no remarkable change in ex vivo mucoadhesion after three months at 40 ± 2 °C and the 

similarity factor was found to be 74. Thus, it was concluded that sphericity enhancement and 

sustained release of matrix pellets prepared by using a carrier such as HPMC K15 M, 

carrageenan and microcrystalline cellulose and HPMC K15M at the 10:35:20 w/w ratio (Ige et 

al., 2013). 

Bolcskei et al., 2012 produced Eudragit NE30D based matrix pellets by extrusion and 

spheronization and critical process control points were detected by full factorial design. The 

factors were dosing speed and quantity of water, speed of spheronization and time of 

spheronization. Water quantity and dosing speed significantly effect on breaking hardness 

while in aspect ratio determination, spheronization duration and dosing speed were significant. 

The results confirmed that Eudragit NE30D can be used as binder and matrix pellets former 

containing diclofenac sodium (Bölcskei et al., 2012).   

Gupta et al., 2011 designed extended release matrix pellets of poorly soluble drug (Olanzapine) 

was prepared by a blend of glyceryl palmitostearate and sodium alginate as matrix polymer 

with microcrystalline cellulose as spheronization enhancer and sodium lauryl sulfate as pore-
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forming agent. Olanzapine formulations were prepared by drug-loaded pelletization technique. 

For the assessment of quality, these formulations were subjected to sieve analysis, drug content; 

Fourier transforms infrared spectroscopy, X-ray Diffraction, Differential scanning calorimetry 

and Scanning electron microscopic study. Stability studies of formulations were carried out for 

three months at 40 ± 5 °C and relative humidity of 75 ± 5%. Particle size and percentage drug 

content were in the range of 1024 to 1087µm and 93-98 % respectively.  SEM analysis and 

calculated spherical factor revealed that formulated matrix pellets were spherical in shape. DSC 

and FTIR studies confirmed physical interaction between polymers and drug in formulated 

pellets.  Crystalline and stable nature of pellets was confirmed by XRD patterns and Stability 

studies. It was revealed that the crystalline drug clearly present in formulation F5 through 

Loose surface crystal study. Fickian diffusion was controlled drug release mechanism for 24 

hours (Gupta et al., 2011). 

Abbas et al., 2011 studied the influence and efficiency of acacia alone or in combination with 

tragacanth, to prepare spherical pellets by extrusion-spheronization containing two model 

drugs ibuprofen and theophylline. Formulations having different drug concentrations and 

different acacia and tragacanth ratio were prepared by applying the full factorial design. Pellets 

were characterized through sphericity, aspect ratio, elasticity, crushing strength and in vitro 

dissolution profile. The amount and types of drugs and ratio of the gums used in formulation 

affected on sphericity, drug release rate and on mechanical properties of pellets. Acacia, as 

compared to tragacanth, produced pellets having a fast drug release rate and higher mechanical 

strength. The results established that two natural binders tragacanth and acacia can be 

effectively employed in matrix pellet formulations (Akhgari et al., 2011). 

Jorg et al., 2010 investigated the influence of disintegrant and drying method on drug release 

and physical behavior of microcrystalline cellulose (MCC) based pellets formed by extrusion 

and spheronization. Formulation contains paracetamol, MCC and different disintegrants like 

croscarmellose sodium, crospovidone, alginic acid, calcium carbonate and sodium starch 

glycolate. Different drying method includes microwave, freeze drying and hot air drying were 

applied to each formulation. Physical characteristics such as pellets morphology, particle size, 

moisture content and drug release profiles were determined.   Pellets produced by freeze-drying 

were weak, large in diameter and more porous which release drug rapidly as compared to other 

processes. Formulations incorporated disintegrant, drug release was faster than non 

disintegrant pellets. Thus it was concluded that the amount and type of disintegrant have less 

influence than the drying method (Wlosnewski et al., 2010). 
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Ke et al., 2008 developed Roxithromycin sustained release pellets by coating matrix beads 

containing octadecanol and Carbopol 974. Extrusion and spheronization method was used to 

prepare sustained release coated pellets with Eudragit NE30D and Eudragit L30D55 aqueous 

mixture dispersion. Relative bioavailability and in vivo pharmacokinetics of sustained release 

pellets was determined by using healthy human volunteers, giving single and multiple doses of 

300 mg Roxithromycin SR pellets and compared with marketed sustained-release tablets as a 

reference, in a randomized crossover design. In vitro dissolution release exhibited that coating 

dispersion mixture of Eudragit NE30D and Eudragit L30D55 provided comparatively better 

release behavior and predictable rate of drug release. In vivo, the value of Cmax of 

Roxithromycin SR pellets was 7.09 ± 1.50 μg/ml and that of marketed SR tablets was 7.02 ± 

0.95 μg/ml whereas corresponding tmax values were 3.84 ± 0.78 hours and 4.16 ± 0.52 hour for 

a single dose. Therefore Roxithromycin SR pellets and marketed SR tablets were bioequivalent 

(Li et al., 2008). 

Chaunbin and McGinity, 2003 investigated methylparaben properties as a solid state plasticizer 

for Eudragit RSPO in hot melt extrusion process. Matrix extrudes contain different levels of 

Eudragit RS PO and methylparaben, were formulated by feeding powder blend through hot 

melt extrusion. Physicochemical properties and melt viscosity of polymer matrix evaluated by 

DSC, XRD and Brabender Plasti-corder as torque rheometer, respectively. Interaction between 

Eudragit RS PO and methylparaben was studied by using Solid state nuclear magnetic 

resonance spectroscopy. The glass transition temperature of the Eudragit RS PO was shown to 

decrease as levels of methylparaben in extrudate increased due to an increase in Eudragit RS 

PO chain mobility. Methylparaben increasing level in extrudes led to a decrease in melt 

viscosity due to polymer plasticization. Rheological properties of methylparaben containing 

extrudes were compared with those having conventional plasticizers. Methylparaben was 

found to be as effective as triethyl citrate in decreasing the torque during the process of 

extrusion. NMR spectra confirmed chemical shift change in Eudragit RSPO plasticized with 

methylparaben, which may be due to an interaction between ester group of Eudragit RS PO 

polymer and the hydroxyl group of methylparaben. The results confirmed that solid state 

plasticizer methylparaben with Eudragit RS PO polymer was employed in sustained release 

tablets preparation by hot melt extrusion method (Wu and McGinity, 2003). 
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2.3. Loxoprofen sodium 

Ikrama et al., 2018 formulated polymer and monomer mixture was employed for hydrogels 

production in the presence of co-monomer following free radical copolymerization with 

adjustable properties. The structural properties of hydrogel assessed by Fourier transforms 

infrared spectroscopy, X-ray Diffraction, Differential scanning calorimetry and Scanning 

electron microscopic that confirms the stability and development of synthesized formulation. 

The surface morphology of hydrogel was evident that enhanced swelling due to high porosity. 

Thermal analysis exhibited that formulation is thermally more stable due to crosslinking in the 

stable hydrogel. The pH effect showed an increasing trend in swelling with increasing 

concentration of either AMPS or CS and Loxoprofen was loaded by swelling diffusion 

technique. In-vitro drug release kinetics were evaluated to approve reliability and 

reproducibility. The best fit model is Higuchi release model to elucidate drug release from 

hydrogels indicating diffusion controlled release mechanism. Korsmeyer and Peppas model 

confirmed that release kinetics comprises of diffusion polymer relaxation and hydration. In 

conclusion, hydrogels formulation could be a prospective candidate for Loxoprofen controlled 

delivery over an extended period of time (Khalid et al., 2018 a).  

Ikrama et al., 2017 developed natural polymer-based hydrogels of controlled drug delivery for 

an extended period and Loxoprofen sodium was used as a model drug. For SIPN hydrogels 

preparation, acrylic acid monomer was cross-linked with SA and PVA with EGDMA as a co- 

monomer by free-radical polymerization. FTIR, TGA, DSC, XRD and SEM were executed for 

of copolymer characterization. The swelling index was performed at low and high pH for 

estimation of hydrogels pH-dependent swelling. Formulated SIPN hydrogels exhibited drug 

release, and drug loading, swelling behavior at pH 7.4. Moreover, formulations contain higher 

Acrylic acid contents exhibited maximum swelling index, high drug release and drug loading 

at 7.4 pH. In-vitro drug release from formulated hydrogels was dependent on pH of medium, 

cross-linking agent and monomers concentration.  FTIR analysis revealed that formation of 

SIPN based on the reaction of both SA and PVA with acrylic acid monomer during 

polymerization. SEM analysis confirmed swelling behavior and improved mechanical strength, 

which significantly enhance surface morphology of SIPN hydrogels. Prepared hydrogels 

showed high pH response and excellent mechanical strength and time-dependent release of 

drug (Khalid et al., 2017). 
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Mei et al., 2016 investigated organic amines effects on Loxoprofen skin permeation profile 

from the formulated transdermal patch and pharmacodynamic effect to marketed LOXONA 

plaster. The effects of organic amines were calculated by Loxoprofen flux from isopropyl 

myristate, using Franz diffusion cell through rabbit skin. Analgesic and anti-inflammatory 

activity were performed on acetic acid-induced writhing syndrome in mouse and adjuvant 

arthritis rat model, separately.  Trimethylamine was a potential candidate in isopropyl 

myristate, with highest flux value. The highest flux was obtained by Loxoprofen and 

trimethylamine combined patch with a penetration enhancer. Finally, analgesic and anti-

inflammatory activity value presented that pharmacodynamic activity comparable with the 

marketed formulation. Furthermore, it was found that Loxoprofen patch showed a systemic 

effect, which was dose-dependent. It was conceivable that Loxoprofen patch produced by a 

combination of chemical enhancers and ion pair technology (Hui et al., 2016). 

Rong et al., 2016 compared the safety and efficacy of Loxoprofen sodium tablet with 

Loxoprofen sodium hydrogel patch in knee osteoarthritis patients. Randomized controlled, 

double-dummy, double-blind, multicentre, non-inferiority trial on one hundred sixty-nine 

patients. Loxoprofen patch or Loxoprofen tablet were randomly assigned to a group of patients 

for four weeks. The primary efficacy endpoint was an overall more than 50% improvement in 

patients and secondary efficacy endpoint was 25 % improvement in all patient proportion. In 

pre protocol analysis and treatment intention, Loxoprofen patches were as effective as a tablet 

with respect to the primary endpoint. In secondary efficacy results, no significant difference 

was found between two groups.  No adverse effect was conveyed in the Loxoprofen patch 

group, while in Loxoprofen tablet group, one case was reported. The study concluded that 

topical Loxoprofen patch was non-inferior to oral Loxoprofen tablet in knee osteoarthritis 

patients (Mu et al., 2016). 

Zaman et al., 2015 designed Loxoprofen sodium controlled release tablet  by using 

hydroxypropyl methylcellulose, pectin and Eudragit RS100 as a polymeric material. Different 

pre-compression tests were performed to determine angle of repose, bulk and tapped densities, 

Carr’s index and Hausner’s ratio. Differential scanning calorimetry studies and post-

compression studies to evaluate friability, hardness, weight variation, drug content and in vitro 

drug release were conducted. Drug release profiles were incorporated to kinetic models 

including zero order, first order, Higuchi, Hixon Crowell and Korsmeyer Peppas.  Pre and post-

compression study results were within acceptable limits. Formulation F3 contains HPMC, 
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exerted best sustained release characteristics after 12 h. Release pattern was Higuchi release 

mechanism with fickian diffusion (Zaman et al., 2015).  

Kashif et al., 2013 established a simple and sensitive HPLC- UV method and applied 

successfully to the pharmacokinetic determination of Loxoprofen in healthy human volunteers. 

The Loxoprofen and Ketoprofen as internal standard was extracted from human plasma by 

applying liquid-liquid extraction. The proficient chromatographic condition was attained on 

Hypersil BDS C18 column (250×4.6 mm, 5 µm) with mobile phase containing acetonitrile and 

water (40:60) pH 3.0 adjusted with orthophosphoric acid with 1.0 ml/min flow rate. The lower 

limit of quantification was 0.10 μg/ml. The recovery of Loxoprofen and Ketoprofen was 65- 

70% and inter and intraday accuracy was within limit ± 10% (Kashif et al., 2013). 

Xia et al., 2014 studies bioequivalence two different transdermal Loxoprofen patches in 

Chinese healthy volunteers by dermatopharmacokinetic methodology. This study was planned 

as open-label, self-control trial twenty male volunteers by application of two 3.2 × 3.2 cm 

pieces of Loxoprofen patches to the randomly assigned position of their back at the same time. 

Before patch application, Stratum corneum samples were taken with adhesive stripping tapes 

at 20 hr and 24 hr of post-dose following each removal of Loxoprofen patch, correspondingly. 

Validated HPLC tandem mass spectrometry method used for bioassay. Bioequivalence was 

determined through power model calculation of the total amount of Loxoprofen between two 

time points. Results of the study indicated that two topical formulations of Loxoprofen are 

bioequivalent (Chen et al., 2014). 

Sawamura et al., 2014 evaluated the pharmacokinetics determination of Loxoprofen and its 

active metabolites (trans-OH) after single application Loxoprofen gel to rats. At the treated site 

on the skin, both Loxoprofen and trans-OH form remained at high concentrations and detected 

in 24h after dermal application. Moreover, after a single application, both Loxoprofen and 

active metabolite (trans-OH) form persisted in skeletal muscle over 24h, while, after single oral 

administration they excreted rapidly from the body. AUC0-t showed that concentrations of 

Loxoprofen or trans-OH in plasma after gel application was less than 11% of that oral 

administration.  AUC0-t and Cmax increased in saturation manner by increasing dose. These 

results confirmed that active metabolite (trans-OH) form was produced at treated site with 

dermal absorption process of Loxoprofen gel and remain on target site for a long time with low 

systemic exposure as compared to oral dosage form (Sawamura et al., 2014). 
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Toyoko et al., 2013 estimated the effectiveness of Loxoprofen Sodium Hydrate transdermal 

patches in conservative therapy of muscular back pain. Clinical results were recorded with 

Japanese orthopedic association back pain questionnaire. It was investigated the degree of 

satisfaction of patient, analgesic effect and improvement in the quality of life providing by 

Loxoprofen sodium hydrate based transdermal patch in which evaluation criteria based on back 

pain questionnaire designed by Japanese Orthopaedic Association. In this study, Loxoprofen 

patch 100mg was applied to 53 muscular back pain patients (35 female, 18male) per day for 

one month. Patient’s feedback was recorded by evaluating answering questionnaire. After 

Loxoprofen patch application for one week, Visual Analogue Scale statistics were low 

significantly and 50 % improved, stratification was seen in one month, who had switched from 

other NSAIDs. The Japanese Orthopaedic association illness severity index was dramatically 

increased after one week for lower back function disorder and pain-related disability and was 

highly significantly after two weeks (Asami et al., 2013). 

Helmy et al., 2013 estimated in-vitro dissolution rate and bioavailability of two marketed 

Loxoprofen sodium dehydrate tablets. Loxoprofen tablets are relative to reference Roxonin 

tablets (equivalent Loxoprofen 60 mg). Invitro study was done to compare dissolution profile 

of both products. In vivo study was executed according to a single dose; single centered, 

randomized, two period, two sequences and crossover study design with one-week washout 

period. Twenty-four healthy adult male Egyptian volunteers were randomly selected to take a 

single dose of either reference or test product under fasting condition. After collecting blood 

samples at specific time intervals. Plasma was extracted and concentrations of Loxoprofen was 

analyzed by using a validated HPLC method. Pharmacokinetic factors AUC, Tmax, Cmax, and 

half-life were calculated from the concentration of plasma versus time profiles. The 90% 

confidence intervals (Cl) for ratio AUC and Cmax of test product over reference were within 

bioequivalence acceptable range. From the results, it was confirmed that two Loxoprofen 

formulations were considered bioequivalent (Helmy, 2013). 

Sang et al., 2011 developed ethylene vinyl acetate (EVA) based matrix transdermal delivery of 

Loxoprofen with permeation enhancer. The Loxoprofen transdermal matrix was fabricated and 

effects of concentration of drug, plasticizer, temperature and permeation enhancer on drug 

release were measured. Drug release from EVA matrix increase with the increase of loading 

dose and temperature and release rate was proportionate to the square root of loading dose. 

Diethyl phthalate exhibited maximum Loxoprofen release rate as a plasticizer. Highest 

enhancing effect was shown by polyoxyethylene 2-oleyl ether as permeation enhancer. 
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Application of Loxoprofen EVA matrix containing penetration enhancer and plasticizer could 

be convenient for developing matrix transdermal drug delivery system (SR and SC, 2011). 

Hong et al., 2011 evaluated long-term effects of Loxoprofen on nocturia patients with benign 

prostatic hyperplasia. From the last two years, forty patients of nocturia taking 5 alpha-

reductase inhibitor, alpha-blocker and Loxoprofen 60 mg single dose before night sleep to 

group 1 for one year. For the same period, selected thirty-eight patients as a control group 

receiving 5 alpha-reductase inhibitor and alpha-blocker for group 2. Patients were re-examined 

after 3, 6, and 12 months by a number of nocturia episodes occurred and side effects. After 

treatment of three months, nocturia episodes reduced significantly by comparing with baseline 

in both group1 and group 2, respectively. Degree of nocturia reduction was significantly 

different between group1 and group 2. After one year results, events of nocturia reduced 

significantly compared with baseline in both groups but the severity of reduction was not 

significantly different between groups. Loxoprofen can be effective for nocturia patient’s 

treatment associated BPH for short term and due to side effects. Therefore, Loxoprofen is not 

recommended for nocturia patients as long term use (Shin et al., 2011). 

Hamaguchi et al., 2010 recommended that NSAIDs use may lead to cardiovascular events 

occurrence whereas atherosclerotic lesions formation is associated with inflammation. 

Loxoprofen sodium is a non-steroidal anti-inflammatory drug and after metabolism becomes 

active in body and inhibiting cyclooxygenase activation. Mice from 8 to 16 week age were fed 

with a western diet and Loxoprofen sodium administered. It was measured atherosclerotic 

lesions at the aortic root. Triglycerides and cholesterol serum level determined by HPLC, 

platelet aggregation with enzyme immune assay and prostaglandin metabolites in urine. 

Formation of the atherosclerotic lesion was reduced significantly as compared to control in 

male and female mice treated with Loxoprofen sodium, respectively. Platelet aggregation, 

thromboxane B2 and urinary metabolites of prostaglandin were reduced markedly in 

Loxoprofen sodium treated mice. In conclusion, Loxoprofen sodium reduces atherosclerotic 

lesions formation by anti-inflammatory effect from initial to intermediary level  (Hamaguchi 

et al., 2010). 

Shinchi et al., 2010 observed morphological structures of three Loxoprofen (60mg) tablets 

using scanning electron microscope and atomic force microscope to estimate dissolution rate.  

There was a significant difference between primary of dissolution rate in three Loxoprofen 

tablets. Different size of petal forms was frequently detected on the surface of loxot and loxonin 
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tablets, which confirm Loxoprofen sodium by detecting energy dispersible X-ray spectrum 

using SEM. Petal forms were not detected on Lobu tablet surface, representing variation in 

production processes of drug.  Primary factors like surface area and particle size of drug were 

vital factors for dissolution. Mean size of small particles of each tablet was determined by 

AFM. There was a correlation between the mean size of small particles and initial dissolution 

rate in each tablet. By Visualisation of tablet surface morphology using SEM and AFM 

suggested drug production process and initial dissolution rate information and is connected 

with pharmacological activity after administration of tablet (Yoshikawa et al., 2010)). 

Araki et al., 2008 estimated the effectiveness of Loxoprofen sodium for patients with lower 

urinary tract infection with a complaint of nocturia. In current study, Loxoprofen mechanism 

of action was explored in nocturia treatment. Fifty-six nocturia complaining patients were 

registered. Loxoprofen 60 mg tablet was given orally at bedtime for 14 days and the effect of 

treatment was measured by bladder diaries. Forty patients reported a decrease in nocturia and 

31out of 40 patients reported that a decrease in nocturnal urine volume without nocturnal single 

volume increase.  Two patients revealed both nocturnal single void volume increase and 

nocturnal urine volume reduction. Hence concluded that Loxoprofen main mechanism is 

nocturnal volume reduction for nocturia treatment and the additional mechanism is bladder 

capacity increase (Araki et al., 2008). 

Jhee et al., 2007 evaluated pharmacokinetics and bioequivalence of two brands of Loxoprofen 

60 mg tablets in male healthy volunteers. Numerous pharmacokinetic parameters were 

estimated after oral dose after 12-hour fasting according to a single dose, two sequence, and 

randomized crossover study with washout period of one week. Serialized blood sampling was 

done through 10 hours after test and reference drug administration. Validated UV with HPLC 

detection method was used to analyze drug concentration plasma. Several pharmacokinetic 

parameters including AUC, Cmax, Tmax, elimination rate constant and half-life were 

calculated from plasma in both formulations. After log transformation, AUC and Cmax were 

assessed by using ANOVA for bioequivalence. All pharmacokinetic parameters were within 

an acceptable range of confidence interval (Cl) 80–125 %. It was determined that two 

Loxoprofen preparations were bioequivalent (Jhee et al., 2007). 

Sung et al., 2005 characterized the formation of Loxoprofen inactive and active metabolites 

and comparing pharmacokinetics after its intramuscular, intravenous and intragastric 

administrations in rats. After IV doses administration, the volume of distribution and clearance 
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of Loxoprofen and AUC ratio for metabolites to parent drug were not different statistically 

with dosage form. After intravenous or intramuscular and intragastric administration, 

Loxoprofen metabolites and AUC at 10 mg/kg dose were not different statistically form other 

administration routes. Loxoprofen metabolites formation was found in incubations with blood 

or liver homogenates but not in plasma or muscle homogenate, which indicated that 

Loxoprofen conversion into metabolites might occur in both extrahepatic tissue and liver. 

Therefore, almost 23% of Loxoprofen may be converted to active metabolite in extrahepatic 

tissue and liver and active metabolite pharmacokinetics was independent of the route of 

administration (Koo et al., 2005). 

Choo et al., 2001 established reliable, simple and fast HPLC method for simultaneous 

determination of Loxoprofen and its metabolites in plasma and urinary samples. This method 

includes Ketoprofen as internal standard in zinc sulfate solution, methanol solution, acetonitrile 

to plasma and urine plasma samples followed by centrifugation. After evaporating supernatant 

aliquot and the final residue was reconstituted in mobile phase of water and acetonitrile (65:35 

v/v) by adjusting pH 3.0. An aliquot of solution was injected directly into HPLC. Metabolites 

and Loxoprofen were monitored in eluent at 220 nm. Loxoprofen recoveries, its metabolites 

and coefficient of variance were below 96% and 10%, respectively. Calibration curves in urine 

and plasma were linear over concentration range with coefficient of correlation is 0.999. These 

results concluded that current assay method is simple and easily applicable in routine 

pharmacokinetic and bioavailability studies with accepted sensitivity (Choo et al., 2001). 
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3. OBJECTIVES OF THE STUDY 
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1. To develop various type of Loxoprofen sodium pellets by extrusion and spheronization 

technique. 

 Immediate release (IR) core pellets were formulated by using Glyceryl 

monostearate (GMS), lactose and Avicel PH 101. 

 Sustained release coated pellets were formulated by applying varying 

concentrations of Ethylcellulose (10CP) and Eudragit (RS100 and RL100) 

polymers on IR core pellets. 

 Sustained release matrix pellets were formulated using lactose, Avicel PH 101 

and Eudragit RSPO and Eudragit RLPO variate in each formulation and 

Glyceryl monostearate (GMS) was constant in all matrix formulations. 

 

2. To investigate the influence of formulation variables on drug loading, drug release and 

sphericity of pellets. 

 For immediate release core pellets, the effect of formulating variables Glyceryl 

monostearate (GMS), lactose and Avicel PH 101 and spheronization seed, 

spheronization time and amount of water and their effect on physical 

characteristics and appearance of pellets. 

 For sustained release coated pellets, the influence of polymer grade, type and 

concentration, plasticizer type and concentration were determined. 

 For sustained release matrix pellets, the influence of granulating liquid, drug/ 

excipients ratio were evaluated.  

 

3. To evaluate the pellets formulations by determining the flow properties (angle of 

repose, bulk density, tapped density, Carr’s index and Hausner’s ratio), friability, 

swelling index, drug content and drug release.  

 

4. To determine the drug excipient compatibility using Fourier transform infrared 

spectroscopy (FTIR), Thermogravimetric analysis (TGA) and X-ray Diffraction 

(XRD). 

 

5. To characterize the area and shape of pellets using digital stereomicroscope.  Aspect 

ratio, sphericity and ferret diameter were calculated by applying image analysis 

software.  
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6. To determine the cross-section and surface morphology of pellets by Scanning electron 

microscope (SEM). 

 

7. To investigate in-vitro drug release kinetics using different kinetic models including 

Zero-order, First-order, Higuchi Square root, Hixson-Crowell cube root and 

Korsmeyer–Peppas models. 

 

8. To compare dissolution profiles of coated and matrix pellet formulations by a model-

independent approach using similarity factor (f2). 

 

9. To determine the influence of variable pH 1.2, 6.8 and 7.4 on the release of drug.  

 

10. To determine the Stability studies of optimized coated and matrix pellet formulations 

at accelerated storage conditions (40 oC/RH 75%) for 6 months as per ICH guidelines. 

 

11. To develop and validated the analytical method to analyze Loxoprofen sodium in 

human plasma by using HPLC according to FDA guidelines. 

 

12. Comparative pharmacokinetic evaluation of optimized SR pellet formulation with IR 

pellet formulation by crossover study design using non-compartmental analysis under 

fast and fed condition.  

 

13. Comparative pharmacokinetic evaluation of optimized SR pellet formulation under fast 

and fed condition by crossover study design using non-compartmental analysis. 
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4. MATERIALS AND METHOD 
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4. MATERIALS AND METHOD 

4.1. Materials 

 Loxoprofen sodium (Hilton Pharma Private Limited, Lahore, Pakistan) 

 Ketoprofen (Shrooq pharmaceuticals, Private Limited, Lahore, Pakistan) 

 Eudragit RS100 (Evonik Rohn GMBH, Germany) 

 Eudragit RL100 (Evonik Rohn GMBH, Germany) 

 Eudragit RSPO (Evonik Rohn GMBH, Germany) 

 Eudragit RLPO (Evonik Rohn GMBH, Germany) 

  Ethyl cellulose (Colorcon Kent, England)  

 Glyceryl Monostearate (Gattefosse Foundation Saint-Priest, France) 

  Polyvinyl pyrollidine, (BDH Laboratories, England) 

  Polyethylene glycol, (BDH Laboratories, England) 

 Lactose (BDH Laboratories, England) 

 Avicel PH 101 (BDH Laboratories, England) 

 Sodium dihydrogen phosphate (Merck, Germany) 

 Dihydrogen potassium phosphate(Merck, Germany) 

 Analytical grade sodium hydroxide (Merck, Germany) 

 Acetonitrile (Merck, Germany) 

 Isopropyl alcohol (Merck, Germany) 

 Hydrochloric acid (Merck, Germany) 

 HPLC grade Methanol (Merck, Germany) 

 HPLC grade Acetonitrile (Merck, Germany) 

 Double distilled water was prepared in research laboratories of Department Of 

Pharmaceutics, Faculty of Pharmacy and Pharmaceutical Sciences, University of 

Karachi, Pakistan.  

4.2. Instruments 

 Mini screw extruder (Caleva solution limited Dorset, UK) 

 Multi-bowl bench top spheronizer (Caleva solution limited Dorset, UK) 

 Roche Friabilator (Erweka D63150, Germany) 

 Weighing balance (Sartorius CP224S, USA) 

 Double beam UV-visible spectrophotometer (Shimadzu UV1800, Japan) 
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 Fourier transform Infrared Spectroscopy (Bruker Tensor Series 27, Germany) 

 TGA instrument (Pyris diamond series TG/DTA, Perkin Elmer, USA) 

 X-ray Diffraction D8 Discover (Bruker, Germany) 

 Digital stereomicroscope (Am scope digital, LED-1444A, USA) 

 Scanning Electron Microscope (JSM-6380A, Joel, Japan) 

 USP dissolution apparatus (Erweka D63150, Germany) 

 Stability chamber (Nuaire 23) 

 Analysis performed through High-Performance Liquid Chromatography Pump (LC- 10 

ATVP Shimadzu, Japan). 

 UV-Vis detector (SPD-10AVP Shimadzu, Japan).  

 Communication Module (CBM 102 Shimadzu, Japan). 

 Digital ultrasonic sonicator (Clifton, Nickel Electro Ltd, England),  

 Analytical column Mediterranea Sea C18 column (250×4.6mm, 5um, Teknokroma, 

Spain).  

 Ultrasonic bath (Nickel electro Ltd, England) 

 Centrifuge machine (Labofuge200 Hereues, Germany)  

 Microliter syringe (Hamilton, Switzerland)  

 Distillation assembly (Hamilton, Switzerland) 

 Digital pH meter (Mettler Toledo, England)  

 Vortex mixer (Whirl mixer, England) 

 Filtration assembly (Sartorius, Germany) 

 Vacuum pump ( local made) 

 Filter papers 0.45 µm pore size (Schleicher &Schuell, Germany) 

 Deionized water plant (Elga, England) 

4.3. Software’s 

 Microsoft word 2016 (Microsoft Corporation, USA) 

 Microsoft Excel 2016 (Microsoft Corporation, USA) 

 Graph Pad Prism version 6 (Inc, USA) 

 Endnote (ENX9, Thomson Router, USA) 

 DD Solver (Add-in MS Excel Microsoft Corporation, USA) 

 Adobe Photoshop C5.1 (Adobe, USA) 

 Adobe Photo Illustrator C5.1 (Adobe, USA) 

 R-Gui (R Statistics software, USA) 
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 Origin pro8 (Origin lab corporation, USA) 

 Kinetica version 5.1 (Thermo Electron, USA) 

 Image analysis software (Image J1.47v, USA) 

 Corel Draw X7(Corel Corporation, USA) 

4.4. Methods 

4.4.1. Preparation of drug core pellets 

Amount of drug (Loxoprofen sodium), Glyceryl monostearate (GMS), lactose and Avicel PH 

101 was kept constant in all formulated pellets (Table 4.1). The weighed amount of drug and 

excipients was wet granulated by adding a mixture of Isopropyl alcohol (IPA) and distilled 

water as a granulating fluid in a ratio of 9:1. Mini screw extruder (Caleva solution limited 

Dorset, UK) at speed of 50-70 rpm was used for the extrusion of wet mass. Multi-bowl bench 

top spheronizer (Caleva solution limited Dorset, UK) with cross-hatched plate was rotated at 

speed of 800-1000 rpm for 15 min to produce core pellets. Pellets were dried in an oven for 2 

h at 50 oC and finally passed through mesh size 20-30 (Farooq et al., 2018; Nasiri et al., 2016).  

4.4.2. Sustained release coating 

Ethyl cellulose (10CP) and Eudragit (RS100 and RL100) were used as coating polymers at 

concentrations of 5-15% and 5-10% respectively. The polymeric coating solution was prepared 

by adding required quantity of polymer in a mixture of isopropyl alcohol (IPA) and water (9:1) 

using polyvinyl pyrollidine (PVP) as a plasticizer and talc as an anti-tacking agent in a 

homogenizer for 20 min. Amount of both PVP and talc were fixed at 100mg in total volume 

(100ml) of each coating solution of IPA (90ml) and distilled water (10ml). The coating 

parameters were as following: batch size= 50 gram pellets, rotational speed= 50 rpm/min, inlet 

temperature = 50-65 °C, spray rate = 1 ml/min, spray speed= 50 psi, spray nozzle diameter of 

spray gun= 1mm. The coated pellets were dried in an oven at 50 °C for 1 hour and subjected 

for further evaluation (Qazi et al., 2017). 

4.4.3. Formulation of sustained release matrix pellets  

Amount of drug (Loxoprofen sodium) and Glyceryl monostearate (GMS) was constant in all 

formulated matrix pellets. Whereas,  amount of lactose, Avicel PH 101 and polymers (Eudragit 

RSPO and Eudragit RLPO) variate in each formulation (Table 4.2) The weighed amount of 

drug and excipients were passed through sieve no 40 and then wet granulated by adding a 
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mixture of Isopropyl alcohol (IPA) and distilled water as a granulating fluid in a ratio of 9:1. 

Mini screw extruder (Caleva solution limited Dorset, UK) at speed of 50-70 rpm was used for 

extrusion of wet mass. Multi-bowl bench top spheronizer (Caleva solution limited Dorset, UK) 

with cross-hatched plate was rotated at speed of 800-1000 rpm for 15 min to produce matrix 

pellets. Pellets were dried in an oven for 2 h at 50 oC and finally passed through mesh size 20-

30 (Farooq et al., 2018; Mahrous, 2010; Nasiri et al., 2016). 

 

Table 4.1: Composition of Loxoprofen sodium uncoated and sustained release coated pellets. 

 

 

 

 

 

Ingredients  F1 F2 F3 F4 F5 F6 F7 F8 

Composition of drug core pellets  

Drug (mg) 300 300 300 300 300 300 300 300 

Glyceryl mono stearate (mg) 75 75 75 75 75 75 75 75 

lactose(mg) 75 75 75 75 75 75 75 75 

Avicel pH 101(mg) 300 300 300 300 300 300 300 300 

Total weigh (mg) 750 750 750 750 750 750 750 750 

Composition of sustained release coating   

Ethyl cellulose 10 cps (%) - 5 10 15 - - - - 

Eudragit RS100 (%) - - - - 5 10 - - 

Eudragit RL100 (%) - - - - - - 5 10 
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Table 4.2: Composition of Loxoprofen sodium sustained release matrix pellets. 

 

4.5. Micromeritic properties  

Flow properties of pellets were evaluated by determining the angle of repose, bulk density, 

tapped density, Carr’s index and Hausner’s ratio (Shoaib et al., 2006; Trivedi et al., 2008). 

4.5.1. Angle of repose  

Angle of repose indicated flow properties of pellets, granules and powder, which was 

determined by the fixed funnel method. Pellets were allowed to flow through a funnel onto 

paper. The radius (r) and height (h) of heap formed on paper were measured and angle of repose 

was calculated by the following formula (Majumdar and Chaudhary, 2010; Tavakoli et al., 

2014). 

𝜃 = 𝑡𝑎𝑛−1 ℎ

𝑟
          (1) 

Where 𝜃 is athe ngle of repose, “r” and “h” are radius and height of the heap. 

4.5.2. Bulk and Tapped density 

Bulk density was measured by adding 10 g pellets in a graduated cylinder and calculating the 

ratio of sample mass to sample volume (Kaynak et al., 2007; Tavakoli et al., 2014). After 100 

tapings of bulk volume, until level becomes constant, tapped density was calculated as the ratio 

of sample mass to sample volume by the following  formula. 

𝐵𝑢𝑙𝑘 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑀

𝑉𝑏
         (2) 

Tapped density =
𝑀

𝑉𝑡
         (3) 

Ingredients  F9 F10 F11 F12 F13 F14 F15 F16 

Drug (mg) 300 300 300 300 300 300 300 300 

GMS(mg) 75 75 75 75 75 75 75 75 

lactose(mg) 100 75 50 25 100 75 50 25 

Avicel pH 101(mg) 200 150 100 50 200 150 100 50 

Eudragit RLPO (mg) 75 150 225 300 - - - - 

Eudragit RSPO (mg) - - - - 75 150 225 300 

Total weigh (mg) 750 750 750 750 750 750 750 750 
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M is mass of the pellets, Vb is the bulk volume of the pellets and Vt is volume after 100 tappings 

of pellet. 

4.5.3. Carr’s index  

Carr’s index was measured from bulk and tapped densities values by using the following 

equation(Ghanam et al., 2010). 

Carr’s index =  
𝑑𝑡− 𝑑𝑏

𝑑𝑡
 ×  100      (4) 

𝑑𝑡 is tapped density and 𝑑𝑏 is bulk density 

4.5.4. Hausner’s ratio 

Hausner ‘s ratio is the ratio of tapped density and bulk density which indicate friction between 

pellets and could be used to predict flow properties of pellets (Kumar et al., 2012).  

Hausner’s ratio =  
𝑑𝑡

𝑑𝑏
         (5) 

 𝑑𝑡 is tapped density and 𝑑𝑏 is bulk density. 

4.6. Friability 

Friability of formulated pellets was determined by taking 10 g pellets in the drum of Roche 

friabilator, rotated at 25 rpm for 10min and sieved through mesh 250 µm. Initial and final 

weight of each pellet formulation were noted after dedusting and friability was determined by 

the following formula (Nasiri et al., 2016; Qazi et al., 2017)  

Friability(%) =
𝑊𝑏−𝑊𝑎

𝑊𝑏
× 100       (6) 

Where Wb and Wa are the weights of the pellets before and after test. 

4.7. Swelling index  

After pelletization process, formulated pellets were immediately weighed. The swelling index 

was determined by putting 100 mg of pellets in a phosphate buffer solution of pH 7.4 for 72 h 

at 37 oC for complete swelling. Swollen pellets were recovered from phosphate buffer solution 

and excess liquid was removed by blotting with filter paper without pressing (Godge and 

Hiremath, 2014; Mehta et al., 2014). Then pellets were again weighed and the swelling index 

was calculated by the following equation. 



48 
 

S(%) =
𝑊𝑠−𝑊𝑑

𝑊𝑠
× 100        (7) 

S (%) is percent swelling index of pellets; Ws and Wd are the weights of swollen and dried 

pellets, respectively. 

4.8. Drug content analysis 

The formulated Loxoprofen sodium pellets were evaluated for percentage of drug content. 

Pellets equivalent to 750 mg were crushed in mortar and Pestle, transferred into 100 ml 

volumetric flask having buffer solution pH 7.4. Samples were analyzed at 222nm by using 

spectrophotometer (Shimadzu UV1800, Japan) after filtration and appropriate dilution  (Khalid 

et al., 2017; Zaman et al., 2013).  

4.9. Drug excipients compatibility studies 

Compatibility of Loxoprofen sodium with excipients was evaluated by using three different 

techniques. 

4.9.1. Fourier transform infrared spectroscopy (FTIR) 

Compatibility of Loxoprofen sodium with excipients was determined by using Fourier 

transform infrared spectroscopy (Bruker Tensor Series 27, Germany) with ATR technology. 

Total ten infrared spectra of drug and excipients were recorded from 4000 cm-1 to 1000 cm-1 

wave numbers and the average of the resulted spectra was reported. 

4.9.2. Thermogravimetric analysis (TGA) 

TGA instrument (Pyris diamond series TG/DTA, Perkin Elmer, USA) was used to obtain TGA 

curves of pure drug, polymers and formulated pellets by placing approximately 6-7 mg samples 

on alumina crucible at heating rate 10 °C/ min in range of 40- 1000°C under nitrogen 

atmosphere with flow rate 20 ml/ min. TGA cell was calibrated with Indium (156°C) and Tin 

(232°C) standard melting point. 

4.9.3. X-ray Diffraction (XRD) 

Drug and excipients interaction was further evaluated by x-ray diffraction using D8 Discover 

(Bruker, Germany). The scanning range was 5° to 100° at a scanning speed of 1˚/ minute. 
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4.10. Image analysis of pellets 

Area and shape of pellets were analyzed using digital stereomicroscope (Am scope digital, 

LED-1444A, USA) by spreading pellets of each formulation (n ≥ 50) on a flat surface. Aspect 

ratio, sphericity, and ferret diameter were calculated by applying image analysis software 

(Image J1.47v, USA). Aspect ratio and sphericity of pellets were measured by using the 

following equations (Krogars et al., 2000; Sarkar et al., 2014). 

Aspect ratio =
𝑑𝑚𝑎𝑥

𝑑𝑚𝑖𝑛
         (7) 

Sphericity =
4𝞹𝑨

𝑃2           (8) 

Where dmax and dmin are the longest and shortest ferret diameter measured respectively. A is 

area and P is the perimeter. 

4.11. Scanning electron microscopy (SEM) 

Surface morphology and cross section of pellets were characterized by Scanning electron 

microscope (JSM-6380A, Joel, Japan). Pellets were mounted on the brass stub and coated with 

gold by Auto Coater (JFC-1500, Joel, Japan). Gold-coated pellets were placed in the sample 

chamber of SEM and scanning was performed at a different magnification ranging from 500 

to 3000 at 10 kV voltage. 

4.12. In vitro dissolution studies 

In vitro dissolution of uncoated, coated  and matrix pellets were performed using USP 

dissolution apparatus II (Erweka D63150, Germany) containing 900 ml of hydrochloric acid 

pH1.2 for initial 2 h, followed by phosphate buffer (pH 6.8 and 7.4) for remaining 12 h. 

Dissolution medium was maintained at 37±0.5oC and paddles of the apparatus were rotated at 

100 rpm. Pellets (750mg) containing Loxoprofen sodium (300 mg) were added in the selected 

dissolution medium and 5 ml sample was taken at a regular interval of 0, 0.5, 1, 2, 3, 4, 6, 8, 

10 and 12h. The volume of the dissolution medium was maintained by adding the same volume 

of fresh medium. Samples were analyzed on UV spectrophotometer (Shimadzu UV 1800, 

Japan) at 222 nm (Venkatesan et al., 2011; Zaman et al., 2015). Dissolution of each formulation 

was conducted in triplicate and the amount of drug released from the sample was calculated. 
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4.13. Kinetic analysis of dissolution data 

4.13.1. Model-dependent approach 

Model-dependent approach based on different mathematical functions were used for in vitro 

kinetic analysis of Loxoprofen sodium pellet formulations. Different kinetic models including 

zero-order, first-order, Higuchi, Korsmeyer–Peppas and Hixson-Crowell were applied using 

DD Solver add-in MS Excel (Shoaib et al., 2006). 

4.13.1.1. Zero order model 

The data obtained from in vitro drug release studies were plotted as the cumulative amount of 

drug release versus time (Dash et al., 2010; Kilor et al., 2010b). Zero order release model can 

be represented by the following equation, 

𝐾° = 
𝐀

𝐓
           (9) 

Where K° is the zero-order rate constant expressed in concentration/time, t is the time and A 

is the amount of drug released in time t. 

4.13.1.2. First order model 

This model attributed to absorption and elimination of some drugs. The data obtained from in-

vitro drug release was plotted as log cumulative amount of drug remaining versus time t 

(Adnan et al., 2016; Ramteke et al., 2014). First order release model can be described by the 

following equation, 

𝐾1 =
𝟐.𝟑 𝐥𝐨𝐠(

𝑨°
𝐀

)

𝐭
         (10) 

A° is the initial concentration of the drug, K1 is first-order rate constant and t is time. 

4.13.1.3. Higuchi model 

Higuchi release model was initially used for a planner system but now extended for porous 

and geometrics systems. In-vitro drug release data was plotted as the percentage of remaining 

drug in the system versus square root of time (Higuchi, 1963; Shoaib et al., 2006). Higuchi 

release model can be represented by the following equation 

𝐾𝐻 =
𝑄

√𝑡
           (11) 

KH is the Higuchi dissolution rate constant and Q is the amount of drug release at time t. 
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4.13.1.4. Hixson-Crowell model 

Hixson-Crowell model attributed as the caliber of particle size and changes in particle surface 

area. Data acquired from in-vitro drug release were plotted as cube root of percentage of drug 

remaining in formulation versus time (Dash et al., 2010; Ramteke et al., 2014).  Hixson-

Crowell release model can be represented by the following equation 

𝐾𝐻𝐶 = √𝑀°
3 −  √𝑀𝑡

3
         (12) 

KHC is the cube root dissolution rate constant. M° is the original mass of pellets and Mt is the 

mass of pellets at time t. 

4.13.1.5. Korsmeyer-Peppas model 

Korsmeyer-Peppas model derived a simple relationship which explains the release of drug 

from polymer-based system (Korsmeyer et al., 1983). In-vitro drug release data was plotted 

as log cumulative percentage drug release versus log time. 

𝐾𝑘 =
𝐷𝑡

𝐷𝑎
⁄

𝑡𝑛           (13) 

K is release rate constant, Dt/Da is fraction of drug released at time t and n is the release 

exponent that describes fickian and non-fickian mechanisms of drug release. 

4.13.2. Model-independent approach 

Model-independent approach was also used to analyze dissolution profiles by using similarity 

factor (f2) (Shoaib et al., 2006; Zaman et al., 2015) 

 𝑓2 = 50log [{1 + (
1

𝑛
) ∑ (𝑅𝑗 − 𝑇𝑗)2}−0.5 × 100]𝑛

𝑖=1     (14) 

Where n is sample number, Rj and Tj are the percentages of dissolved reference and test 

products at time j respectively. 

4.14. Stability studies 

Stability studies of selected coated and matrix formulations were conducted to evaluate drug 

content, physical characteristics and dissolution at accelerated storage conditions (40 oC/RH 

75%) for 6 months. The samples were analyzed after 0, 3 and 6 months as per ICH guidelines 

(Baloju et al., 2013). 
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4.15. BIOANALYTICAL METHOD VALIDATION 

4.15.1. Preparation of mobile phase and standard solution  

4.15.1.1. Mobile phase 

The composition of mobile phase was acetonitrile, water mixture (40:60) adjusted to pH 6.5 

with sodium dihydrogen phosphate and flow rate was 1 ml/min (Muhammad farooq, 2018). 

Quantitative determination of Loxoprofen in samples was carried out by UV detector at 220 

nm wavelength. Filtration of samples was carried out through 0.45-micron Millipore filter. The 

volume of injection was 100 µl for previously performed assay. 

4.15.1.2. Standard solution 

The working standard solutions of Loxoprofen and Ketoprofen were prepared by dissolving 

1mgof drug in 1 ml of methanol. The dilutions were prepared by using serial dilution technique 

having concentration of 10, 8, 6, 4, 2, 0.5 and 0.1ppm. 

4.15.2. Method validation 

For validation, recovery, linearity, precision and accuracy, LOD, LLOQ, specificity and 

selectivity and stability were validated per ICH guidelines (Guideline, 2005; Hanif et al., 

2018a).   

4.15.2.1. Calibration curve (Linearity)  

To calculate linear relation between active pharmaceutical ingredient concentration range and 

detector, response linearity curve was used (Hanif et al., 2016; Hirai et al., 1997). Calibration 

curve of Loxoprofen was determined by using 10ppm to 0.1ppm in mobile phase and 

coefficient of correlation (R2) was calculated.  

4.15.2.2. Accuracy and precision  

Accuracy of method was evaluated for interday and intraday, Four concentrations of 0.1, 2, 6 

& 10 ppm in a set of five replicates were analyzed on three consecutive days. Intra and interday 

accuracy should be less than 15%. 

Interday and Intraday precision were calculated by applying data of three consecutive days at 

different selected concentrations. Precision was expressed as relative standard deviation (RSD) 

which should be an acceptable limit of less than 15% as required by U.S. Food and Drug 
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Administration guideline (Guideline, 2005). Relative standard deviation (% RSD) was 

determined by the following formula (Hanif et al., 2018a; Makhija and Vavia, 2001), 

   % RSD =
SD

Mean
× 100 

4.15.2.3. Lower limit of detection (LOD) and lower limit of quantification (LLOQ) 

Limit of detection was calculated by determination of signal to noise ratio from injections of 

different concentrations.  LOD is a comparison of low concentration of an analyte sample with 

a blank sample. The adequate concentration of analyte must be required to exhibit an analytical 

signal that can distinguish reliably from baseline noise. Ratio can be considered as acceptable 

for a limit of detection (Guideline, 2005; Murakami et al., 2008). 

Lower concentration of 10:1 signal to noise ratio was established at which analyte was reliably 

quantified which yield a precision of <20%coefficient of variation and accuracy between 80 

and 120% of theoretical value (Choo et al., 2001). Multiple concentration were prepared and 

injected in HPLC column for determination of lower limit of quantification and lower limit of 

detection, i.e. 1.0, 0.5, 0.1 and 0.05ppm. Subsequently, standard deviation, % accuracy and % 

RSD were calculated. 

4.16. HPLC METHOD VALIDATION IN PLASMA 

4.16.1. Preparation of plasma samples 

Plasma samples were prepared by subsequent dilutions of stock solution followed by the 

addition of 20 ul internal standard (Ketoprofen) and Acetonitrile in the ratio of 1:2. The mixture 

was then vortex mixed (whirl mixer, England) for 3 min and 500ul supernatant liquid was 

collected. 500 ul NaH2PO4 buffer was added in samples at the final stage. The collected liquid 

was filtered (0.45 µm membrane filter). 100µl of supernatant solution was manually injected 

and response was determined at wavelength 220 nm. 

4.16.2. Method validation 

For validation, recovery, linearity, precision and accuracy, LOD, LLOQ, specificity, selectivity 

and stability were established under guidelines of the international conference on 

Harmonization (ICH) of pharmaceuticals for human use (Guideline, 2005; Kang et al., 2011).  
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4.16.2.1. Preparation of calibration curve  

To calculate the linear relation between API concentration range and detector, response 

linearity curve was used (Hanif et al., 2016; Nanthakumar et al., 2016). Calibration curve of 

Loxoprofen was prepared by taking 10ppm to 0.1ppm in plasma and coefficient of correlation 

(R2) was determined by fitting in a linear equation.  

4.16.2.2. Accuracy and precision  

Accuracy and precision of the method was evaluated for interday and intraday, four 

concentrations of 0.1, 2, 6 & 10 ppm in a set of five replicates were analyze on consecutive 

three days. Intra and interday accuracy should be less than 15%. Similarly, precision was 

expressed as relative standard deviation (RSD) which should be in an acceptable limit of 15% 

as suggested by U.S. Food and Drug Administration guidelines. Relative standard deviation 

(% RSD) was determined by the following formula (Guideline, 2005; Hanif et al., 2018a), 

% RSD =
SD

Mean
× 100 

4.16.2.3. Lower limit of detection (LOD) and lower limit of quantification (LLOQ) 

Limit of detection was calculated by determination of signal to noise ratio from injections of 

different concentrations.  LOD is basically a comparison of low concentration of an analyte 

sample with a blank sample. The adequate concentration of analyte must be required to exhibit 

an analytical signal that can distinguish reliably from baseline noise. Ratio can be considered 

as acceptable for a limit of detection (Guideline, 2005)  

Lower concentration of 10:1 signal to noise ratio was established at which analyte was reliably 

quantified which yield a precision of <20%coefficient of variation and accuracy between 80 

and 120% of theoretical value (Kang et al., 2011). Multiple concentration were prepared and 

injected in HPLC column for determination of lower limit of quantification and lower limit of 

detection, i.e. 1.0, 0.5, 0.1 and 0.05ppm. Subsequently, standard deviation, % accuracy and % 

RSD were calculated. 

4.16.2.4. Absolute recovery 

The extraction recovery was determined by comparing the peak area of extracted drug sample 

with unextracted pure drug solution (Addo et al., 2015). Loxoprofen recovery from human 
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plasma was determined by injecting four concentrations 0.1, 2, 6 &10ppm in plasma (n=5) and 

compared with a standard solution of respective concentration. 

4.16.2.5. Specificity 

The method specificity was used to differentiate between components in sample and analyte. 

Interference of endogenous substances was estimated by drug-free plasma, plasma spiked with 

Loxoprofen for specificity (Health and Services, 2001). 

4.16.2.6. Stability studies in drug containing plasma 

Short and long term stability of two Loxoprofen samples of concentration (0.1ppm and 10ppm) 

were evaluated for fresh and stored frozen samples at -20 °C for one month (Health and 

Services, 2001). Stability of plasma samples were evaluated by the freeze-thaw cycle method 

with five aliquots of each high and low concentration. Compounds were considered stable if 

assay variations were less than 10%. 

4.17. PHARMACOKINETIC STUDY OF SUSTAINED RELEASE OPTIMIZED COATED 

PELLETS OF LOXOPROFEN 

4.17.1. Inclusion criteria 

The study population consisted of 12 healthy male volunteers with mean± SD age of 24±5 

years and mean± SD weight 70.5± 9 kg. Before registration, all subjects undergo clinical 

screening including physical examination and laboratory tests which consisted of blood 

analysis (RBC, WBC, platelet, hemoglobin, hepatitis B and hepatitis C) and urine analysis (pH, 

specific gravity, color, sugar and bilirubin). All volunteers participating in pharmacokinetic 

study signed a written consent. The nature and purpose of the study was explained to them 

according to FDA guidelines (Guideline, 2005; Jhee et al., 2007). 

4.17.2. Exclusion criteria 

If any volunteer shows possible sensitivity to Loxoprofen sodium or history of renal, hepatic, 

endocrine, respiratory or cardiovascular illness, they were excluded from the study. All 

volunteers must have to abstain from medication, alcohol consumption or beverages before or 

during the study according to FDA regulations (Guideline, 2005; Kang et al., 2011). 
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4.17.3. Consent declaration 

Patient consent declaration was designed in Urdu and English language after approval from the 

Ethical review board, University of Karachi. All the results, outcomes and consequences were 

communicated with volunteers.  

4.17.4. Study venue 

The study was performed under the supervision of the principal investigator and physician in 

well-equipped clinical setup. 

4.17.5. Dosing and blood sampling procedure 

Blood samples were taken from the ante-cubital vein by cannula which was flushed with 

normal saline to prevent clotting. The volunteer’s vital signs were monitored during the study 

periodically. The pharmacokinetic study was conducted for assessment of bioequivalence 

between sustained release coated Loxoprofen pellets as test formulation (60 mg, encapsulated) 

and immediate release marketed tablet (60 mg) (Roxonin, UAE) which was considered as a 

reference formulation. A single centred, single dose, open labelled, two treatment, two 

sequence, two period’s randomized crossover study was conducted separately in both fasted 

and fed condition. Blood sampling procedure was carried as following,  

 In order to observe the effect of fasted conditions, the study period was randomized 

between F12 (encapsulated 60 mg pellets) and Roxonin (60 Tablet) under Fasted states 

(Table 5.15). 

 The sustained release encapsulated Loxoprofen sodium 60 mg pellets (F12) and 60 mg 

tablet (Roxonin) were administered orally to selected volunteers with 240 ml (8 fluid 

ounce) of plain water in fasted conditions (FDA, 2014). 

 The sustained release encapsulated Loxoprofen sodium 60 mg pellets (F12) was 

administered orally to selected volunteers with 240 ml (8 fluid ounce) of plain water in 

fasted and fed conditions (Table 5.16). 

 The subjects were kept fasted for at least 10 hours before drug administration and, no 

beverages/soft drinks were allowed at least 4 hours after dosing (FDA, 2014). 

 The subjects were given the standard meal 30 minutes before dosing. The meal was 

consumed over 30 minutes, with the administration of reference and test drug product 

immediately after the meal (FDA, 2014; Shargel et al., 1999).  

 One week of washed out period was provided between each phase of study. 
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 The sampling time was 0, 0.5,1, 1.5, 2, 2.5, 3, 4, 6, 8 and 12-hour post-dose for 

immediate marketed tablet and extra time of 14 and 24 hour for sustained release 

pellets. 

 Five ml blood samples were withdrawn from each volunteer in the heparinized tube. 

 Fresh blood samples were centrifuged at 4000 rpm for 10 minutes and obtained plasma 

(2ml) was frozen at -20 °C until further study. 

4.17.6. Pharmacokinetic parameter 

Following non-compartmental parameters were calculated by using Kinetica version 5.0 

(Thermo electron corp, USA). 

4.17.7. Non-compartmental parameters 

Non-compartmental parameters like a maximum concentration of drug in plasma (Cmax), time 

to reach maximum concentration of drug in plasma (Tmax), mean residence time (MRT), half-

life (t1/2) and area under the plasma concentration curve (AUC) were determined. 

4.17.7.1. Area under the curve (AUC) 

Area under the curve was determined to evaluate total exposure of drug over time with Cmax. 

Area under the plasma concentration-time curve was determined by trapezoidal rule 

(Gerlowski and Jain, 1983).  

  AUC =
Cn+Cn+1

2
 (tn+1 − tn)  

Where Cn is the initial concentration of drug, Cn+1 is the concentration of drug at next time 

point, tn is the initial time point and tn+1 is the next time point.  

4.17.7.2. Maximum drug concentration in plasma (Cmax) 

This term is used in pharmacokinetics as maximum plasma drug concentration that observed 

in a specific compartment or in body area after administration of drug and prior to second dose 

administration (Balant and Gex-Fabry, 1990). Following equation was used for calculation of 

Cmax.  

  Cmax =
Fx

V𝑑
× e−ketmax 

Where F is the fraction of dose observed, Vd is the volume of distribution and Ke is the 

elimination rate constant. 
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4.17.7.3. Peak time (Tmax) 

The time at which maximum concentration of drug in plasma was observed is termed as Tmax 

or peak time (Balant and Gex-Fabry, 1990). Following equation was used to calculate peak 

time 

 Tmax = 2.3 log  (Ka/Ke) (Ka − Ke) 

Where Ka is the absorption rate constant and Ke is the elimination rate constant.  

4.17.7.4. Half-life (t1/2) 

It is the time when half of the drug is excreted from the body and can be calculated by the 

following equation. 

 t1/2
 = 0.693/K  

Where K is the rate constant.  

4.18. STATISTICAL ANALYSIS OF PHARMACOKINETIC DATA 

The analysis was carried out on non-logarithmic transformed data with analysis of variance 

(ANOVA) according to FDA guidelines (Guideline, 2005). 

4.18.1. Latin square ANOVA for two formulations 

Pharmacokinetic parameters of an open-label, single dose, three sequence, two treatment and 

two-period randomized crossover study were calculated by FDA approved software "Kinetica 

version 5.0" (Thermo electron corp, USA). Bioequivalence of two formulations was estimated 

by comparing area under the curve (AUC), maximum plasma concentration of drug (Cmax), 

time for maximum plasma concentration of drug (Tmax). 

4.18.2. Two one-sided t test 

Kinetica version 5.0 (Thermo electron corp, USA) was applied for unilateral t-test 

measurement. The lower t and the upper t was determined based on following rules.   

1. If t (lower) ≥ t and t (upper) ≥ t then data can conclude bioequivalent.   

2. If t (lower) ≤ t and t (upper) ≤ t then the data cannot conclude bioequivalent. 
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5. RESULTS AND DISCUSSION 

5.1. Formulation of drug core pellets and sustained release coated and matrix pellets  

The health care system in third world countries is negligent. Many loopholes must be sorted 

and resolved. The unintended overuse of the medication is very common. These all measures 

cause drastic and eviler effects on the beings health. No doubt, the major cause is Lower literacy 

rate. Despite abrupt modernization still 30% of the world population does not have ready access 

to the Essential drugs, enlisted by the World Health Organization WHO. The gap between the 

Advanced and low-income countries is augmenting day by day. Due to the false and 

inappropriate health economics strategies are prominent reasons. According to the Economic 

survey, third world countries do not have health in their priority. In Pakistan, the conditions are 

being gone downhill exacerbately. Pakistan is categorized as a middle low-income country, 

where health cost is 0.35 USD per day and per capital income is 4.46 USD. Half of the 

population is deprived of registered medical practitioner facility and quackery is at its peak. 

Misuse of drugs is uttermost. The prescribers are suborned for the prescription of the selected 

products. Around 1000 local and 25 Multinational Pharmaceuticals are operational to cater to 

the health need of the sixth most populous country of the world. Revolutionary steps are 

required for the proper control of the system. Hurried and economical health facility should be 

available for the public. Proper legislation and immediate steps are required for the proper and 

effective control of the health system. A study showed the most prescribed drugs in Pakistan 

is Analgesic especially Non-Steroidal Anti-inflammatory Drugs. 

5.2. Micromeritic properties 

Micromeritic properties of both uncoated, coated and matrix pellets were performed to evaluate 

flow characteristics (Table 5.1). The angle of repose of uncoated and coated pellets was in the 

range of 23°-26.3°which showed the free-flowing nature of formulated pellets because less than 

or equal 40° indicates free-flowing characteristics of pellets. All the formulated pellets 

exhibited 1.32-1.46 g/cm3 bulk density while tapped density was in the range of 1.40-1.57 

g/cm3 as shown in table 5.1. Bulk and tapped densities revealed excellent packing properties 

of pellets. The Hausner’s ratio of pellets were range from 1-1.12 and flowability of pellets 

indicted by Hausner's ratio. Carr’s index of all formulated pellets ranged from 1.39 -10% as 

shown in table 5.1, demonstrating good compressibility properties of pellet formulations 

(Rajesh, 2010; Tavakoli et al., 2014).  

Micromeritic properties of sustained release matrix pellet formulations were evaluated to 

determine flow properties (Table 5.2). The angle of repose of matrix pellets was in the range 
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of 22.2°-25.1°, indicating free-flowing nature of matrix pellets (Wang et al., 2010). All the 

formulated matrix pellets exhibited 1.36-1.50 g/cm3 bulk density while tapped density was in 

the range of 1.39-1.58 g/cm3. Bulk and tapped densities showed excellent packing properties 

of matrix pellets. The Hausner’s ratio of matrix pellets was ranged from 1.01 to 1.1. Carr’s 

index of all formulated matrix pellets ranged from 1.41 to 9.33%, which indicates good 

compressibility properties of matrix pellet (Akhgari et al., 2013; Li et al., 2008).  

These Results revealed that coated formulations concluded excellent flowability for further 

processing such as capsule filling process or packaging process (Akelesh et al., 2011; Kojima 

and Nakagami, 2002).  

5.3. Friability  

The friability was determined to measure mechanical properties of uncoated and coated pellets 

because during post-processing steps pellets have to bear mechanical stress.  The friability of 

formulated coated pellets was found in the range of 0.52 to 0.92% (Table 5.1) while, matrix 

pellets were ranged from 0.44 to 0.77% (Table 5.2). The friability of all formulated pellets was 

less than 1% due to a higher concentration of polymeric material, excipients and wet massing 

through isopropyl alcohol and water, which resulted in the higher mechanical strength of pellets 

(Verstraete et al., 2017). 

5.4. Swelling studies 

The values of the swelling index of coated and uncoated pellets are shown in Table 5.1 under 

a basic environment of pH 7.4. Uncoated core pellets F1 exhibited 20% swelling index while 

ethyl cellulose coated formulations F2, F3 and F4 showed 16%, 13% and 11%, respectively. 

Eudragit RS100 and Eudragit RL100 coated formulations F5, F6, F7 and F8 showed swelling 

14%, 8%, 13% and 10%, respectively. Uncoated core pellets showed hydration throughout the 

pellets surface whereas Eudragit RL100 and RS100 coated pellets showed insignificant 

increase in swelling due to low hydration and permeability because of the presence of the low 

amount of quaternary ammonia group in these polymers (Farooq et al., 2015). Ethyl cellulose 

coated formulations indicated moisture uptake of polymeric film and higher swelling behavior 

offers absorption of media but the integrity of pellets maintained (He et al., 2011). 

The swelling index value of matrix pellets are shown in Table 5.2 under a basic environment 

of pH 7.4. Eudragit RLPO based matrix formulations F9, F10, F11 and F12 showed swelling 

13.4%, 10.1%, 8.9% and 6.8%, respectively. Eudragit RSPO based matrix pellets F13, F14, 
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F15 and F16 exhibited swelling 15.1%, 11%, 9 % and 7.4 %, respectively. Eudragit RLPO and 

RSPO matrix pellets did not show a significant increase in swelling due to less permeability 

and hydration because of the less amount of ionizable quaternary ammonium group and 

presence of chloride ion in these polymers (Bodmeier et al., 1996; Chang and Hsiao, 1989).  

 It was evident that there was the difference in water absorption ability and permeation between 

formulated coated and matrix pellets (Khalid et al., 2018 b; Roblegg et al., 2011). Results 

revealed that with the increase in coating film thickness, absorption of media decreases 

significantly (Shravani et al., 2011). In matrix formulations, the hydrophilic pathway of water 

molecule entrance was reduced due to low contact surface area with medium (M.R.Abbaspour 

et al., 2005a). Matrix formulations confirmed that with the increase of polymeric content in the 

formulation, penetration of aqueous media decreases significantly 

5.5. Percentage drug yield 

Percentage drug yield of all coated pellet formulations was found in the range of 97 to 100% 

(Table 5.1) whereas, matrix pellets showed a percentage yield 97.3 to 100% (Table 5.2). Drug 

content was high in all formulations. The percent drug yield indicated that there was no 

interaction between drug and excipients during pelletization processing  (Kilor et al., 2010b; 

M.R.Abbaspour et al., 2005b). 
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Table 5.1: Physicochemical evaluation of uncoated and coated pellets (n=6). 

 

 

 

 

 

 

 

 

 

 

 

 

Formulation Angle 

of 

repose 

(θ0) 

Bulk 

density 

(g/cm3) 

Tapped 

density

(g/cm3) 

Hausner’s 

ratio 

Carr’s 

index 

(%) 

Friability 

(%) 

Swelling 

index 

(%) 

Percentage 

drug yield 

(%) 

F1 23.0 1.42 1.51 1.06 5.96 0.92 20 99 

F2 24.8 1.33 1.45 1.09 8.27 0.87 16 99.6 

F3 24.2 1.46 1.57 1.07 7.00 0.84 13 98 

F4 26.3 1.32 1.48 1.12 10.8 0.71 11 97 

F5 25.3 1.35 1.40 1.03 3.57 0.58 14 98.5 

F6 23.6 1.41 1.43 1.00 1.39 0.79 8 99 

F7 25.1 1.36 1.49 1.09 8.72 0.52 13 100 

F8 24.1 1.38 1.53 1.10 9.80 0.86 10 99 
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Table 5.2: Physicochemical evaluation of matrix pellets (n=6). 

 

5.6. Drug-excipient compatibility analysis  

5.6.1. Fourier transform infrared spectroscopy (FTIR) 

FTIR studies were performed to assess any possible interaction between Loxoprofen sodium 

and polymers (Ethyl cellulose, Eudragit RS100, Eudragit RL100, Eudragit RLPO and Eudragit 

RSPO). Pure drug FTIR spectra show a prominent peak at 1730 cm-1 due to the carboxylic 

group and asymmetric C-H band (CH3 and CH2) of the aromatic ring exhibited stretching at 

2350 cm-1 and 2930 cm-1 respectively. The peak at 1140 cm-1 and 1400 cm-1 attributed due to 

C-H bending and CH2 scissoring (Wu and McGinity, 2003). Ethyl cellulose exhibited N-H and 

O-H bending at 890 cm-1 and 920 cm-1 respectively. The peak at 1090 cm-1,1310 cm-1 and 

2870cm-1 corresponded to C-O stretching, CH2 and CH3 stretching and CH stretching, 

respectively (Figure 5.1 A) (Pineda and Hechenleitner, 2004). Eudragit RS100 and RL100 

revealed characteristic peaks at 1150 cm-1, 1646 cm-1 and 2860 cm-1 which corresponded to O-

H bend, C=0 stretching and  C-H stretching, respectively (Figure 5.2 B & C). FTIR spectra of 

prepared coated pellets exhibited prominent peaks of the drug at 1140 cm-1, 1400 cm-1 which 

attributed to C-H bending, CH2 scissoring, respectively. The  C-H bend in the aromatic ring 

Formulation Angle 

of 

repose 

(θ0) 

Bulk 

density 

(g/cm3) 

Tapped 

density

(g/cm3) 

Hausner’s 

ratio 

Carr’s 

index 

(%) 

Friability 

(%) 

Swelling 

index 

(%) 

Percentage 

drug yield 

(%) 

F9 22.2 1.36 1.39 1.02 2.94 0.54 13.4 100 

F10 23.9 1.41 1.44 1.01 2.83 0.77 10.1 97.8 

F11 24.5 1.39 1.41 1.03 1.41 0.48 8.9 98.7 

F12 25.1 1.43 1.49 1.04 4.06 0.60 6.8 99.2 

F13 23 1.36 1.50 1.10 9.33 0.51 15.1 98.5 

F14 24 1.50 1.58 1.04 3.97 0.44 11 99 

F15 23.2 1.40 1.46 1.04 4.10 0.40 9 97.3 

F16 24.6 1.47 1.55 1.05 5.16 0.49 7.4 98 
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and –OH group demonstrated peaks at 2350 cm-1 and 2930 cm-1 due to asymmetric CH2 and 

CH3 variation. The drug characteristic peak (1730 cm-1) due to carbonyl stretching of the 

carboxyl group is slightly shifted to 1740 cm-1 in drug-loaded polymeric coated pellets (Figure 

5.1C, D & E) (Figure 5.2 D, E, F & G) (Khalid et al., 2018 a) which revealed the presence of 

bonding interactions between the drug and polymer.  

Physicochemical interaction between Loxoprofen sodium, polymers (Eudragit RLPO, and 

Eudragit RSPO) in matrix pellets were evaluated by FTIR analysis. Eudragit RLPO and RSPO 

revealed characteristic peaks at 1260 cm-1, 1730 cm-1 and 2870 cm-1 which correspond to C-O 

bend, C=0 stretching and  C-H stretching, respectively (Figure 5.3 & 5.4B) (Matlhola et al., 

2015). FTIR spectra of formulated matrix pellets exhibited prominent peaks of the drug at 1140 

cm-1, 1400 cm-1 that attributed to C-H bending, CH2 scissoring, respectively. The C-H bend in 

aromatic ring and –OH group revealed peaks at 2350 cm-1 and 2930 cm-1 due to asymmetric 

CH2 and CH3 variation. The drug characteristic peak (1730 cm-1) due to carbonyl stretching of 

the carboxyl group is slightly shifted to 1750 cm-1 in polymeric matrix pellets (Figure 5.3, 5.4 

C, D, E & F) which indicated bonding interactions occurrence between polymer and drug. 

 These results confirmed that there was compatibility between drug and polymer during the 

formulation process. Previously, similar results were found in literature by Ikrama K (2018) 

who studied drug-polymer interaction by obtaining FTIR spectra and found no drug-polymer 

interaction (Khalid et al., 2018 a). Similarly,  Maya E and Osama S (2016) studied  FTIR 

spectra of Loxoprofen and excipients confirmed that there was no interaction between drug and 

excipients (Eissa and El-Sattar, 2016).   
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Figure 5.1. FTIR spectra of Loxoprofen sodium (A), Ethylcellulose 10cps (B), coated 

formulations F2 (C), F3 (D) and F4 (E). 
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Figure 5.2: FTIR spectra of Loxoprofen sodium (A), Eudragit RL100 (B), Eudragit RS100 (C), 

coated formulations F5 (D), F6 (E), F7 (F) and F8 (G). 
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Figure 5.3: FTIR spectra of Loxoprofen sodium (A), Eudragit RLPO (B), matrix formulations 

F9 (C), F10 (D), F11 (E) and F12 (F). 
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Figure 5.4: FTIR spectra of Loxoprofen sodium (A), Eudragit RSPO (B), matrix formulations 

F13 (C), F14 (D), F15 (E) and F16 (F). 
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5.6.2. Thermogravimetric analysis (TGA) 

 TGA results of Loxoprofen, polymers, and coated formulations (Figure 5.5 & 5.6), 

thermograms showed several weight loss regions with an increased in temperature. Initial 

weight loss of Loxoprofen sodium up to 10% at temperature 100 oC which corresponds to a 

loss of moisture or physically absorbed water (Choi et al., 2001). Major degradation about 60 

% at temperature 220-480 oC was accounted for volatile molecules and carbonates. First stage 

(100-150 oC) showed initial 10% weight loss while subsequent stages (200-480 oC and 500-

600 oC) elucidated weight loss 70% and 10%, respectively (Khalid et al., 2017; Khalid et al., 

2018 b). In most of the formulations, pure Loxoprofen sodium melting endotherm was well 

preserved with little change in shifting and broadness in the lower temperature range. Thus it 

was evident that mixing of excipients and polymer coating could produce minor changes in 

melting endotherm of the pure drug but did not indicate potential incompatibility between drug 

and polymers (Ali et al., 2017). 

From TGA results of polymers, pure drug and matrix formulations (Figure 5.7 & 5.8), it was 

established that thermograms exhibited four major weight loss regions with an increased in 

temperature. Loxoprofen sodium initial weight loss up to 10% at temperature 100 oC  

corresponded to a loss of physically absorbed water or moisture (Choi et al., 2001). Main 

degradation about 60 % at temperature 230-480 oC accounted for carbonates and volatile 

molecules. Pure drug Loxoprofen in formulations with excipients and polymers followed the 

same pattern with little difference in percentage weight loss and temperature range. First stage 

(100-140 oC) showed initial 10% weight loss while subsequent stages (200-450 oC and 480-

590 oC) elucidated weight loss 75% and 10%, respectively. 

 The TGA results of the present study were in accordance with Khalid et al which indicated a 

similar pattern of weight loss with increased in temperate (Khalid et al., 2017).  In most of the 

formulations, the pure drug showed same melting endotherm with minor changes in shifting 

and broadness at lower temperature range. Thus it was obvious that mixing of polymers and 

excipients in matrix pellets or coated pellets with polymers could produce slight changes in 

melting endotherm of pure drug but did not indicate potential incompatibility between drug 

and polymers (Ali et al., 2017). 
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Figure 5.5: TGA thermograms of Loxoprofen sodium, uncoated formulation F1, coated 

formulations F2, F3, F4 and Ethylcellulose 10 cps. 
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Figure 5.6: TGA thermograms of Loxoprofen sodium, coated formulations F5, F6, F7, F8, 

Eudragit RS100 and Eudragit RL100. 
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Figure 5.7: TGA thermograms of Loxoprofen sodium, matrix formulations F9, F10, F11, F12 

and Eudragit RLPO. 
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Figure 5.8: TGA thermograms of Loxoprofen sodium, matrix formulations F13, F14, F15, F16 

and Eudragit RSPO. 
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5.6.3. X-ray Diffraction (XRD)  

X-ray diffraction studies of drug, polymers and formulations were performed to evaluate 

crystalline nature. XRD pattern of Loxoprofen sodium exhibited intense peaks at diffraction 

angle (2Ɵ) of 7.25°, 7.30°, 10.94°, 17.15°, 19.05°, 22.2°  and their respective counts were 1142, 

1162, 924, 470, 587 and 1049 (Figure 5.9& 5.10 A). Ethyl cellulose showed low-intensity 

peaks at a diffraction angle (2Ɵ) of 17.15°, 19.05° and their count were  329 and 350 

respectively (Figure 5.9B). Eudragit RS100 and RL100 indicated low-intensity peaks at 

diffraction angle (2Ɵ) of 12.65°, 13.9°, and their counts were 503 and 660 respectively (Figure 

5.10 B & C). Loxoprofen coated pellets diffractogram showed low-intensity peaks at 

diffraction angle (2Ɵ) of 19.05°, 22.2° and their counts were 420 and 359 respectively (Figure 

5.9 C, D & E) (Figure 5.10 D, E, F & G). Formulated coated pellets exhibited a reduction in 

counts at diffraction angle (2Ɵ) of 19.05° and 22.2° as compared to a pure drug, which revealed 

decreased crystalline nature of the drug. Sharp and intense peaks of Loxoprofen at diffraction 

angle (2Ɵ) of 7.25°, 7.30°, 10.94° and 17.15° were disappeared in formulations which confirmed 

the amorphous nature of coated pellets (Figure 5.9 & 5.10 D, E & F). 

 X-ray diffraction studies of Loxoprofen sodium, polymers and matrix formulations were 

performed to estimate crystalline nature. XRD pattern of Loxoprofen sodium demonstrated 

intense peaks at diffraction angle(2Ɵ) with their respective counts of 7.25°(1142), 7.30°(1162), 

10.94°(924),  17.15°(470),  19.05°(587) and  22.2°(1049), respectively (Figure 5.11 & 5.12 A).  

Eudragit RLPO and RSPO indicated low-intensity peaks at diffraction angle (2Ɵ) with counts 

of 12.65° (503) and 13.9° (660), respectively (Figure 5.11 & 5.12 B). Loxoprofen loaded matrix 

pellets diffractogram showed low-intensity peaks at diffraction angle (2Ɵ) with their counts at 

19.05°(402) and 22.2°(359),  respectively (Figure 5.11 C, D, E & F) (Figure 5.12 C, D, E & F). 

Formulated matrix pellets presented reduction in counts at diffraction angle (2Ɵ) of 19.05° and 

22.2° as compared to a pure drug, which demonstrated a reduction in crystalline behavior of 

Loxoprofen. Sharp and intense peaks of Loxoprofen at diffraction angle (2Ɵ) of 7.25°, 7.30°, 

10.94° and 17.15° were disappeared in formulations which confirmed the amorphous nature of 

matrix pellets (Figure 5.11 & 5.12C, D, E & F).  

Eudragit polymers are amorphous in nature due to the existence of bulky side group and lack 

of complete stereoregularity (Wu and McGinity, 2003). The intensity of Loxoprofen sodium 

peaks was sharp as shown in diffractogram of the pure drug (Figure 5.9 & 5.10A) but when 

mixed with excipients in pellet formulations and polymer coating was further applied, loss of 
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sharpness in drug peaks were observed due to decrease in crystallinity. The amorphous 

behavior of the formulation was evident due to the broad peaks with low intensity (Choi et al., 

2001). Chaunbin Wu and James determined amorphous nature of Eudragit based pellets which 

supported our finding of the amorphous characteristic of pellets (Wu and McGinity, 2003). 
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Figure 5.9: XRD of Loxoprofen sodium (A), Ethylcellulose 10 cps (B), coated formulations F2 

(C), F3 (D) and F4 (E). 
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Figure 5.10: XRD of Loxoprofen sodium (A), Eudragit RL100 (B), Eudragit RS100 (C), coated 

formulations F5 (D), F6 (E), F7 (F) and F8 (G). 
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Figure 5.11: XRD of Loxoprofen sodium (A), Eudragit RLPO (B), matrix formulations F9 (C), 

F10 (D), F11 (E) and F12 (F). 
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Figure 5.12: XRD of Loxoprofen sodium (A), Eudragit RSPO (B), matrix formulations F13 

(C), F14 (D), F15 (E) and F16 (F). 
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5.7. Image analysis 

 The shape of the pellets was observed by using a stereo microscope. Figure 5.13 shows that 

coated formulations were spherical in shape and smooth in surface. These images exhibited 

a clear difference in shape and surface smoothness of uncoated core pellets (Figure 5.13A) 

and coated pellets (Figure 5.13 B, C, D, E, F, G and H).  Aspect ratio, sphericity and ferret 

diameter of all formulations are given in Table 5.3. Value of aspect ratio was observed in the 

range of 1.07 to 1.16 and sphericity was found in the range of 0.86 to 0.93 which confirmed 

that pellets were spherical in nature (Chakravarthy et al., 2012; Sarkar et al., 2014). 

The stereomicroscope was used to observe the shape of the polymeric matrix pellets. All 

matrix formulations were smooth in surface and spherical in shape as shown in Figure 5.14. 

The stereo micrograph revealed the shape and surface smoothness of matrix pellets (Figure 

5.14 A, B, C, D, E, F, G and H).  Aspect ratio, sphericity and ferret diameter of matrix pellet 

formulations were given in Table 5.4. Value of aspect ratio was in the range of 1.09 to 1.19 

and sphericity of pellets varies from 0.83 to 0.92, which indicated sphericity of pellets 

(Koester and Thommes, 2013). 

 Feret diameter had a low variation, which indicated that concentration and type of polymer 

did not affect the results. Aspect ratio and sphericity value of pellets were near to one, which 

confirmed that spherical pellets were produced by extrusion and spheronization (Akhgari et 

al., 2013). It was concluded from the results that drug loading, type of polymer and binder 

concentration did not affect the shape and sphericity of pellets (M.R.Abbaspour et al., 

2005b). Similar results were obtained by Aleksandra D et al for the stereomicroscopic 

analysis of coated pellets (Dukić-Ott et al., 2008).    
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Figure 5.13: Stereo micrograph of uncoated formulation F1 (A), coated formulations F2 (B), 

F3(C), F4 (D), F5 (E), F6 (F), F7 (G) and F8(H). 
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Figure 5.14: Stereo micrograph of matrix pellet formulations F9 (A), F10 (B), F11(C), F12 

(D), F13 (E), F14 (F), F15 (G) and F16 (H). 
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Table 5.3: Stereomicroscope image analysis of uncoated and coated pellets. 

 

Table 5.4: Stereomicroscope image analysis of matrix pellets. 

Formulations Area(A) Perimeter(P) Ferret diameter(µm) Aspect ratio Sphericity 

F9 14,689 459 150 1.09 0.914 

F10 30,647 655 222 1.13 0.887 

F11 22,260 571 198 1.14 0.846 

F12 23,075 575 186 1.08 0.919 

F13 24,330 598 204 1.19 0.829 

F14 20,216 552 179 1.12 0.889 

F15 19,516 514 181 1.19 0.840 

F16 17,872 499 168 1.09 0.913 

 

 

 

Formulations Area(A) Perimeter(P) Ferret diameter(µm) Aspect ratio Sphericity 

F1 25,682 603 200 1.16 0.917 

F2 18,378 499 173 1.14 0.877 

F3 22,822 559 187 1.07 0.934 

F4 28,098 616 206 1.12 0.895 

F5 24,829 580 195 1.10 0.904 

F6 17,317 488 160 1.11 0.901 

F7 26,278 625 198 1.09 0.917 

F8 17,266 495 164 1.15 0.868 
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5.8. Scanning electron microscopy  

Confirmation of sphericity and smoothness of pellets were achieved by Scanning electron 

microscope. Scanning electron micrographs of coated formulations F2, F6 and F8 are shown 

in Figure 5.15 (A, C and E). Photomicrographs of coated pellets revealed that all formulations 

were uniform and smooth in surface indicating even film coating. When organic solvent based 

polymer dispersion was sprayed on core pellets, polymer particles were deposited on the 

surface of pellets. Colloidal particles were combined with each other and formed a close pack 

arrangement due to evaporation of the organic solvent. Films prepared from organic solvent 

dispersions were mechanically much stronger and reduced the crack formation within pellets 

core during release of drug (Koester and Thommes, 2013). This led to low water permeability 

and swellability of the film formed by Ethylcellulose, Eudragit RS100 and  Eudragit RL100 

(Liu et al., 2012; Siepmann et al., 2008). 

Scanning electron micrograph of matrix pellets formulations F10, F13 and F15 shown in Figure 

5.16. Photomicrograph of matrix pellets exhibited that all formulations were smooth in surface 

and uniform in nature.  Cross section images (Figure 5.16 B, E, F and H) of matrix pellets at 

higher magnification showed that pellets formed with compacted texture and excellent matrix 

structure due to coalescence of particles. Therefore, enhanced coalescence and reduced 

porosity resulted in prolongation of drug release from matrix pellets (Kojima and Nakagami, 

2002). Cross-sectional image (Figure 5.16 I) of F15 exhibits small cracks and porous nature of 

formulation. This crack formation is due to hydrostatic pressure within pellets, which led to the 

highest drug release and swellability of formulation (Liu et al., 2012). 

 The scanning at high-resolution presented smooth network surface of coated and matrix pellets 

(Figure 5.15 and 5.16). Eudragit RS100 and RSPO based coated or  matrix pellets showed 

dense sponge-like surface having numerous pores (Figure 4.16 F and  I) whereas, Eudragit 

RL100 and RLPO based coated or matrix pellets showed the needle-like structure as shown in 

Figures 5.15 F & 5.16 C (Kilor et al., 2010a).  
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Figure 5.15: SEM surface images of formulations F2, F6 and F8 (A, C and E) and cross-

sectional images (B, D and F) of corresponding formulations. 
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Figure 5.16: SEM surface images of matrix formulations F10, F13 and F15 (A, D and G) and 

cross-sectional images (B, C, E, F, H and I) of corresponding formulations. 
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5.9. In-vitro release studies 

All uncoated, coated and matrix pellets showed swelling properties and retained their shape 

in different dissolution medium and exhibited no disintegration during 12h dissolution period. 

5.9.1. Drug release at pH 1.2 (0.1N HCl) 

The uncoated pellet formulation (F1) released 100% drug within 2 h in acidic medium pH 1.2 

(0.1 N HCl) indicated immediate release pattern (Figure 5.17). This immediate release was 

expected because these pellets were devoid of the polymer coating. The coated formulations 

F2, (coated with 5% EC10 cps), F5 and F7 (Eudragit RS100 and Eudragit RL100 5%) showed 

30% drug release at pH 1.2 (0.1 N HCl). When the concentration of coated polymer was 

increased up to 10 % on the surface of formulations F3 (EC10cps), F6 (Eudragit RS100) and 

F8 (Eudragit RL100) exhibited release of 22 % drug 2 h in acidic medium pH 1.2 (0.1 N HCl). 

This indicated polymer concentration-dependent drug release in gastric pH. 

The matrix formulations (F9 & F13) containing 10%  polymer content released 33% drug 

within 2 h in acidic medium pH 1.2 (0.1 N HCl) (Figure 5.18). This release behavior was 

predictable due to less amount of polymer content in these formulations. The formulations F10 

and F14 (Eudragit RLPO and Eudragit RSPO 20%) showed less than 25% release of drug at 

pH 1.2 (0.1 N HCl). When polymer concentration was increased up to 40 % in formulations 

F11, F12 (Eudragit RLPO) and F15, F16 (Eudragit RSPO), demonstrated 20 % release of the 

drug. This release behavior specified that drug release was dependent on polymeric content in 

gastric pH.  

The literature revealed that hydrophobic nature of ethylcellulose coating retarded drug release 

by restricting the penetration of medium (Muschert et al., 2009; Srisha et al., 2013). The film 

formed by Eudragit polymers in coated or matrix pellets had sufficient uniformity and thickness 

to protect the release of drug in the gastric medium (Kilor et al., 2010a; Uppugalla et al., 2011). 

Abbas Akhgari et al also explained that Eudragit polymers have functional groups that 

conjugated chloride ion which restricted the hydration of pellets in the presence of extra 

chloride ion in dissolution medium (Akhgari and Tavakol, 2016). The literature also revealed 

that the chemical nature of  Eudragit polymers is more water-insoluble that minimized the drug 

release by restricting the penetration of medium (El-Malah and Nazzal, 2008).  
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Figure 5.17: In vitro release profiles of uncoated (F1) and coated (F2, F3, F4, F5, F6, F7 and 

F8) formulations at pH 1.2. 

 

 

Figure 5.18: In vitro release profiles of matrix formulations (F9, F10, F11, F12, F13, F14, 

F15 and F16) at pH 1.2. 
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5.9.2. Drug release at pH 6.8  

Figure 5.19 illustrates drug release from coated pellets at phosphate buffer pH 6.8. 

Formulations F2, F3, F5 and F7 coated with  low amount of polymer showed greater than 80% 

drug released at phosphate buffer pH 6.8 in 8 hr, whereas formulations (F4, F6 and F8) coated 

with higher content of polymer, restricted the drug release to 85% within 12 hr. Coated pellet 

formulation F13 (15% EC) indicated the highest sustained effect by restricting the drug release 

at phosphate buffer 6.8 pH. 

Drug release from matrix pellets at phosphate buffer pH 6.8 illustrated in figure 5.20. 

Formulations F9, F10 and F13 containing a low amount of polymer content exhibited greater 

than 85% drug release at phosphate buffer pH 6.8 in 8 hr. Formulations F11, F12, F14 and  F15 

containing a higher percentage of polymer, released up to 75-80% drug within 12 hr. Matrix 

pellet formulation F16 showed maximum sustained release effect by restricting the drug release 

up to 70% at phosphate buffer 6.8 pH.  

Drug release from coated or matrix pellets was reduced as polymeric content was increased 

indicating a direct relationship to the path length of the drug molecule and high tortuosity. 

Previous literature also revealed that continuous penetration of water into coated pellets caused 

hydrostatic pressure within the system, leading to increase in production of a crack in the 

formulation at critical threshold values (Akhgari et al., 2013; Akhgari and Tavakol, 2016). 

Drug release in phosphate buffer medium was greater than acidic medium, due to lack of ion 

exchange restriction and time-dependent swelling of matrix pellets in buffer media (Bhoir and 

Agrawal, 2011). Previous literature also revealed that continuous water penetration in the pellet 

matrix creates pores which control the release of drug (Liu et al., 2012). 
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Figure 5.19: In vitro release profiles of coated formulations (F2, F3, F4, F5, F6, F7 and F8) at 

phosphate buffer pH 6.8. 

 

 

Figure 5.20: In vitro release profiles of matrix formulations (F9, F10, F11, F12, F13, F14, 

F15 and F16) at pH 6.8. 
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5.9.3. Drug release at pH 7.4 

Figure 5.21 shows drug release from coated pellets at phosphate buffer pH 7.4. Formulations 

F2 (5% EC), F3 (10% EC), F5 (5% Eudragit RS100) and F7 (5% Eudragit RL100) containing 

a low concentration of coating polymers showed approximately 85% drug released within 6-8 

hr. However, coated pellet formulations F4 (15 % EC), F6 (10% Eudragit RS100) and F7 (10% 

Eudragit RL100) minimized drug released with higher coating thickness in phosphate buffer 

pH 7.4. From figure 5.21, it is obvious that sustained drug release was achieved at higher 

polymer coating. Increased in coating thickness resulted in slower drug release from pellets 

which was in direct relation with drug molecules path length and high tortuosity (Akhgari and 

Tavakol, 2016; Chakravarthy et al., 2012).  

Figure 5.22 reveals drug release from matrix pellets at phosphate buffer pH 7.4. Matrix pellet 

formulations F9 (10% Eudragit RLPO), F10 (20% Eudragit RLPO), F13 (10% Eudragit RSPO) 

and F14 (20% Eudragit RSPO) containing a low concentration of polymeric content showed 

approximately 80% released of drug within 6-8 h. However, matrix formulation with higher 

polymeric percentages F11 (30 % Eudragit RLPO), F12 (40% Eudragit RLPO), F15 (30% 

Eudragit RSPO) and F16 (40% Eudragit RSPO) released up to 80 % drug at phosphate buffer 

pH 7.4 in 12 hour. From figure 5.22, it is evident that sustained drug release was attained at 

higher polymer content in matrix formulations, which was in direct relation with drug 

molecules path length and high tortuosity (Fan et al., 2001; Gopinath et al., 2012).  

Eudragit polymers have a low amount of quaternary ammonia group in their structure, which 

were responsible for low permeability, less swelling and hydration of pellets. Ionization of 

metha acrylic acid of Eudragit polymers causes electrostatic repulsion from the polymeric 

matrix or reservoir and drug release from pellets (Farooq et al., 2015). 
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Figure 5.21: In vitro release profiles of Loxoprofen sodium coated pellet formulations (F2, F3, 

F4, F5, F6, F7, and F8) at phosphate buffer pH 7.4. 

 

Figure 5.22: In vitro release profiles of Loxoprofen sodium matrix pellet formulations (F9, 

F10, F11, F12, F13, F14, F15 and F16) at pH 7.4. 
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5.10. Drug release kinetics  

Different kinetic models i.e. Zero order, First order, Higuchi, and Hixson-Crowell were applied 

to analyze the drug release from uncoated core pellets, coated and matrix pellets by using MS 

Excel (DD Solver) in dissolution medium of 0.1 N HCl 1.2, phosphate buffer 6.8 and 7.4 pH. 

Release kinetic parameters of all uncoated and coated pellets formulations are shown in table 

5.5. The uncoated formulation F1 followed first-order kinetics (R2= 0.9986) by showing the 

linear relationship, indicating concentration-dependent drug released at 1.2 pH. The kinetics of 

coated formulations F2, F3 and F4 were represented by Higuchi release model (R2 = 0.9651- 

0.9807) while formulations F5, F6, F7 and F8 followed zero order release model (R2 = 0.9972- 

0.9974) representing concentration independent drug release at 1.2 pH. The coated 

formulations F2, F3, F4, F5, F6, F7 and F8 followed Higuchi release model with linearity (R2 

= 0.9732- 0.9988) at pH 6.8 demonstrating drug release as the square root of time-dependent 

by Fickian diffusion (Farooq et al., 2015; Shoaib et al., 2006). 

 The coated formulations F2 (5% EC), F4 (15% EC) and F5 (5% Eudragit RS100) showed a 

linear relationship when applied to first order model (R2 = 0.9179- 0.9861) exhibiting 

concentration-dependent drug release at 7.4 pH (Table 5.7). The coated formulations F3 (10% 

EC), F6 (10% Eudragit RS100), F7 (5% Eudragit RL100) and F8 (10% Eudragit RL100) 

followed Higuchi release model with highest linearity (R2 = 0.9533- 0.9787) indicating release 

of drug from coated pellets as square root of time-dependent by Fickian diffusion (Gautam and 

Trivedi, 2012) (Table 5.7). Fickian diffusion release was followed through typical molecular 

diffusion of drug due to chemical potential gradient (Balant and Gex-Fabry, 1990; Shoaib et 

al., 2006).  

Release kinetic parameters of matrix formulations are shown in tables 5.6 & 5.8. The matrix 

pellet formulations F13 followed first-order drug release (R2= 0.9982) by showing a linear 

relationship, indicating concentration-dependent drug released at 1.2 pH. The formulations F9, 

F10, F11, F12, F14, F15 and F16 followed zero order release model (R2 = 0.9821- 0.9974) with 

concentration independent drug release. The drug release at 6.8 pH,  the matrix formulations 

F9, F10, F11, F12, F13, F14, F15 and F16 followed zero order release model with linearity (R2 

= 0.9684- 0.9978) demonstrating drug release from matrix formulations is independent of its 

concentration.  

The matrix formulations F9, F10 and F11 followed Higuchi release model with high linearity 

(R2 = 0.9711- 0.9962) indicating drug release from matrix pellets as the square root of the time-
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dependent process by Fickian diffusion at 7.4pH (Madoria and Maheshwari, 2012). Fickian 

diffusion release follows through usual drug molecular diffusion due to a chemical potential 

gradient (Shoaib et al., 2006; Wan and Lai, 1991). The matrix formulation F13 showed a linear 

relationship when applied to first order model (R2 = 0.9868) exhibiting concentration-

dependent drug release at 7.4 pH. The matrix formulations F12, F14, F15 and F16 followed 

zero order release (R2 = 0.9777- 0.9939) indicating the drug release from the matrix is 

independent of its concentration.  

5.11. Drug release mechanism 

The first 60% of drug release data were fitted into Korsmeyer-Peppas to explain release 

mechanism where n is release exponent, indicating the drug release mechanism (Table 5.5 and 

5.7). The drug release exponent n was used to describe the polymer function and 

physiochemical property of the drug.  In acidic medium, the uncoated formulation F1 and 

coated formulations F5, F6, F7 and F8 exhibited release exponent n value ranged from (0.906-

0.997) which showed super case II transport with polymer erosion and relaxation (Cox et al., 

1999; Singh et al., 2012), while formulations F2, F3 and F4 showed release exponent n value 

ranges from 0.589 – 0.706 indicated non-Fickian diffusion with anomalous release. The release 

exponent of all coated formulations F2, F3, F4, F5, F6, F7 and F8 at 6.8 pH varies from 0.570-

0.783 demonstrating non-Fickian diffusion with anomalous release. The coated formulation 

showed the highest correlation coefficient to evaluate drug release behavior at 7.4 pH. The 

release exponent n of all uncoated and coated formulations shown in table 5.5 and 5.7. The 

release exponent n of all coated formulations F2, F3, F4, F5, F6, F7 and F8 was ranged from 

0.559- 0.664 indicated non-Fickian diffusion (anomalous transport).  

 In acidic medium, the matrix formulation F9 and F14 revealed release exponent n value 0.939 

and 0.960, respectively which indicated super case II transport with polymer disentanglement, 

erosion and relaxation, while formulations F10, F11, F12, F13, F15 and F16 showed release 

exponent n value ranges from 0.720–0.863 showed non-Fickian diffusion with anomalous 

release (Table 5.6 ). The drug release mechanism at 6.8 pH, the release exponent n of matrix 

formulations F11, F13 and F15 ranges from 0.701-0.864 demonstrating non-Fickian diffusion 

with anomalous release, while the matrix formulations F9, F10, F12, F14 and F16 revealed 

release exponent n value varies from 0.906 – 1.161 exhibiting super case II transport with 

polymer erosion and relaxation (Table 5.8). Super case II transport associated with state 

transition and stress in polymers, which swell in biological fluids. Therefore, drug release from 
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such matrix system irrespective of geometric shape by two mechanisms simultaneously, first 

one by fickian diffusion and second is polymer relaxation and erosion (Cox et al., 1999; 

Subburayalu et al., 2013). 

The matrix pellets formulation F16 showed highest release exponent value (n= 0.944) to 

evaluate drug release behavior at 7.4 pH. The release exponent n of matrix formulations shown 

in table 5.8. The release exponent n of matrix formulations F9, F12, and F13 ranged from 

0.417- 0.471 indicated Fickian diffusion. The formulations F10, F11, F14 and F15 showed 

release exponent value varies from 0.685 - 0.832 demonstrating non-Fickian diffusion 

(anomalous release) with polymer disentanglement and erosion (Chamsai and Sriamornsak, 

2013; Puranik and Khan, 2013).  

The drug release from film coated pellet formulations were summarized as follow, polymeric 

membrane absorbs water and swells when coming in contact with the aqueous medium. The 

fast water penetration in polymeric film permeates toward drug core and dissolve the drug 

inside the core. The swelling of coated polymer increase until equilibrium achieved between 

elastic polymer strength and hydration, which enhance the diffusion mechanism (Bhoir and 

Agrawal, 2011; Mallipeddi et al., 2014). The formation of the pore on a polymeric membrane 

in dissolution medium controls the drug release due to difference in osmotic pressure continue 

water penetration in drug core pellets which is saturated with water and drug release 

mechanism will be diffusion control (Liu et al., 2012). The pellets swelling induced by water 

influx is leading to polymer network expansion and further increased in the permeability of 

polymeric membrane (Strübing et al., 2007; Zhang et al., 2014). 

The release of drug from matrix formulations concluded as follows, matrix pellets containing 

Eudragit RLPO and RSPO absorbs water from the aqueous medium and showed swelling of 

matrix. The swelling of matrix polymer increase until equilibrium achieved between hydration 

and elastic polymer strength, which increase the mechanism of diffusion.  Drug release in a 

swellable matrix controlled by a continuous change in dimensions of diffusive barrier that 

controls the movement of the drug though it because of externally thick layer formed around 

the matrix pellets (Puranik and Khan, 2013; Thakral et al., 2013). The swellable pellets induced 

polymer expansion network by water influx and further enhanced the permeability of 

polymeric content (Strübing et al., 2007). During in vitro dissolution,  formation of pore on 

polymeric matrix pellet restricts the drug release due to the difference in osmotic pressure 
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continue water penetration in matrix pellets which is saturated with water and drug release 

mechanism will be diffusion control (Liu et al., 2012). 

 

Table 5.5: Drug release kinetics of uncoated and coated formulations at 1.2 pH. 

 

Table 5.6: Drug release kinetics of matrix formulations at 1.2 pH. 

 

Formulations F1 F2 F3 F4 F5 F6 F7 F8 

Zero order  (r2) 0.9824 0.8591 0.9280 0.9358 0.9973 0.9974 0.9973 0.9972 

First order  (r2) 0.9986 0.9074 0.9589 0.9523 0.9865 0.9860 0.9840 0.9871 

Higuchi  (r2) 0.8934 0.9807 0.9698 0.9651 0.8709 0.8603 0.8581 0.8704 

Hixson-Crowell  

(r2) 

0.9666 0.8931 0.9500 0.9546 0.9875 0.9871 0.9859 0.9870 

Korsemeyer-

Peppas (r2) 

0.9765 0.9792 0.9590 0.9530 0.9878 0.9875 0.9873 0.9677 

Korsemeyer-

Peppas (N) 

0.906 0.589 0.698 0.706 0.966 0.992 0.997 0.965 

Formulations F9 F10 F11 F12 F13 F14 F15 F16 

Zero order (r2) 0.9964 0.9900 0.9872 0.9821 0.9871 0.9974 0.9950 0.9953 

First order (r2) 0.9885 0.9721 0.9661 0.9747 0.9982 0.9839 0.9821 0.9552 

Higuchi (r2) 0.8803 0.9225 0.9520 0.9193 0.9098 0.8719 0.9049 0.9651 

Hixson-Crowell 

(r2) 

0.9899 0.9694 0.9600 0.9692 0.9865 0.9845 0.9803 0.9484 

Korsemeyer-

Peppas (r2) 

0.9820 0.9838 0.9727 0.9628 0.9891 0.9851 0.9841 0.9863 

Korsemeyer-

Peppas (N) 

0.939 0.793 0.720 0.782 0.861 0.960 0.863 0.687 
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Table 5.7: Drug release kinetics of coated formulations at 6.8 and 7.4 pH. 

 

 

 

 

Drug release kinetics at pH 6.8 

Formulations F2 F3 F4 F5 F6 F7 F8 

Zero order  (r2) 0.7953 0.8354 0.9225 0.9087 0.9628 0.7840 0.8154 

First order  (r2) 0.9505 0.9514 0.9602 0.9528 0.9888 0.9532 0.9640 

Higuchi  (r2) 0.9894 0.9794 0.9732 0.9988 0.9939 0.9843 0.9787 

Hixson-Crowell  (r2) 0.9778 0.9646 0.9622 0.9805 0.9139 0.9547 0.9382 

Korsemeyer-Peppas 

( r2) 

0.9682 0.9612 0.9613 0.9832 0.9806 0.9622 0.9543 

Korsemeyer-Peppas 

(N) 

0.574 0.596 0.684 0.666 0.783 0.570 0.604 

Drug release kinetics at pH 7.4 

Zero order (r2) 0.7433 0.8791 0.9079 0.8323 0.7879 0.7932 0.8951 

First order (r2) 0.9179 0.9438 0.9861 0.9638 0.9636 0.9431 0.9674 

Higuchi  (r2) 0.8552 0.9549 0.9587 0.9493 0.9706 0.9533 0.9787 

Hixson-Crowell  (r2) 0.9043 

 

0.9211 0.9750 0.9544 0.9627 0.9454 0.9472 

 Korsemeyer-Peppas 

( r2) 

0.8719 0.9417 0.9722 0.9563 0.9663 0.9428 0.9677 

Korsemeyer-Peppas 

(N) 

0.610 0.642 0.664 0.609 0.559 0.578 0.651 
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Table 5.8: Drug release kinetics of matrix formulations at 6.8 and 7.4 pH. 

 

 

 

 

 

 Drug release kinetics at pH 6.8 

Formulations F9 F10 F11 F12 F13 F14 F15 F16 

Zero order  (r2) 0.9798  0.9684  0.9894  0.9950  0.9760  0.9937  0.9880  0.9978  

First order  (r2) 0.9246 0.8914 0.9403 0.9639 0.9692 0.9526 0.9737 0.9828 

Higuchi  (r2) 0.8305  0.7779  0.8605  0.8667  0.9134  0.8207  0.8807  0.8681  

Hixson-Crowell  

(r2) 

0.9558  0.9197  0.9674  0.9829  0.9575  0.9713  0.9790  0.9824  

Korsemeyer-

Peppas (r2) 

0.9701 0.9558 0.9690 0.9872 0.9602 0.9848 0.9743 0.9819 

Korsemeyer-

Peppas (N) 

0.973  1.161  0.864  0.929  0.701  1.056  0.852  0.906  

 Drug release kinetics at pH 7.4 

Zero order (r2) 0.4878 0.8785 0.7598 0.9777 0.5891 0.9795 0.9867 0.9939 

First order (r2) 0.9838 0.9619 0.9520 0.9609 0.9868 0.9599 0.9735 0.9611 

Higuchi  (r2) 0.9962 0.9711 0.9884 0.8957 0.9376 0.9000 0.8982 0.8588 

Hixson-Crowell  

(r2) 

0.9855 0.9544 0.9275 0.9456 0.9523 0.9632 0.9708 0.9809 

Korsemeyer-

Peppas (r2) 

0.9595 0.9524 0.9794 0.9665 0.9393 0.9645 0.9624 0.9753 

Korsemeyer-

Peppas (N) 

0.426 0.685 0.525 0.817 0.471 0.832 0.829 0.944 
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5.12. Comparison of dissolution profiles 

The dissolution data of all coated and matrix formulations were compared through similarity 

factor (f2). The f2 value of F4 versus F2, F3, F5, F6, F7 and F8 were calculated and shown in 

table 5.9.  The value of F4 versus F3, F5, F6 and F8 comparison having the f2 value > 50 

indicated similarity between dissolution profiles (Shoaib et al., 2006). 

 The f2 value of optimized formulation F4 versus matrix formulations F9, F10, F12, F13, F14, 

F15 and F16 were calculated and shown in table 5.9. The value of F4 versus F10, F12, F14 and 

F15 comparison having the f2 value > 50 indicated similarity between dissolution profiles 

(Farooq et al., 2015).   

Table 5.9: f2 value of different dissolution profiles of coated and matrix formulations. 

 

 

  

 

 

 

 

 

 

 

 

 

  

 

 

Serial no  Comparison of dissolution profile  f2 value  

1 F4 versus F2 45 

2 F4 versus F3 63 

3 F4 versus F5 55 

4 F4 versus F6 60 

5 F4 versus F7 46 

6 F4 versus F8 74 

7 F4 versus F9 29 

8 F4versus F10 44 

9 F4 versus F11 60 

10 F4 versus F12 60 

11 F4 versus F13 35 

12 F4 versus F14 58 

13 F4 versus F15 55 

14 F4 versus F16 45 
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5.13. Stability studies 

The Loxoprofen coated and matrix pellets were subjected to accelerated stability studies to 

analyze their physical appearance and percentage drug content. Selected formulations were 

placed in amber color glass bottles and stored at 40 oC/RH 75% for 6 months (Jain et al., 2010). 

The percentage drug content was determined at the end of 0, 3 and 6 months. (Sriamornsak et 

al., 2007) (Lee et al., 2010). The assay of three batches of optimized coated (F4) and matrix 

pellets (F12) was within an acceptable limit.  There was no change in color, shape, hardness, 

thickness, drug content and release characteristics of pellets. The results of the assay were more 

than 90%. Shelf life was calculated by using R Gui software and was found to be 12 months 

for coated SR pellets (F4) and 10 months for matrix SR pellets (F12). Kibria et al 2009 reported 

similar stability of sustained release Ambroxol Hydrochloride pellets stored at 40 oC/RH 75% 

for 3 months and showed no significant changes in quality control tests (Kibria et al., 2009). 

 

 

 

  Figure 5.23: Shelf life plot of SR coated formulation F4.  
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 Figure 5.24: Shelf life plot of SR matrix formulation F12. 
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5.14. HPLC METHOD DEVELOPMENT AND VALIDATION IN MOBILE PHASE 

This method was developed and validated according to ICH guidelines. 

5.14.1. Linearity (Calibration curve) 

Linearity or calibration curve is considered as efficient tool for drug quantification from 

samples. A calibration curve was established by injecting five injections of different 

concentrations and plotting peak area versus concentration that ranges from 0.1 ppm to 10 ppm 

(Figure 5.25). Nathakumar et al., 2016 performed similar methodology to determine the 

linearity of Loxoprofen sodium (Nanthakumar et al., 2016). Linearity results of selected 

concentrations of drug were found excellent with coefficient value R2=0.999. Figure 5.23 

shows good linearity behavior of a drug in selected chromatographic condition. 

 

 

 

 

 

 

 

 

Figure 5.25: Linearity curve of 0.1 ppm to 10 ppm of Loxoprofen sodium in mobile phase. 

5.14.2. Interday and Intra-day accuracy and precision 

The present study was validated for Inter day and Intra-day accuracy of method and recovery 

was calculated studies. Four concentrations of 0.1, 2, 6 and 10ppm were applied and their 

analytical recoveries were 97, 92, 96 and 99 % respectively for Loxoprofen sodium in mobile 

phase (Table 5.10). Analytical recovery of Loxoprofen sodium from mobile phase at four 

selected concentrations was found accurate and reproducible. Jhee et al also reported the 

similar finding of recovery values of Loxoprofen sodium (Jhee et al., 2007; Yang et al., 2016). 

Intra-day accuracy was explained in a range of 95, 97, 98 and 96% whereas inter-day accuracy 

of three consecutive days ranged from 97, 93, 98 and 95% respectively (Table 5.11).  Intra-day 
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precision values (% RSD) were found to be 2.20, 2.80, 1.5 and 2.4 % for Loxoprofen sodium 

in respective concentrations. Inter-day (% RSD) results were 1.12, 3.19, 0.80 and 3.20%, 

respectively (Table 5.11). Accuracy and precision variation were observed satisfactory due to 

less than 5% variation. Helmy et al observed similar results of Loxoprofen sodium method 

validation by HPLC method (Helmy, 2013). Figure 5.26 & 5.27 illustrate chromatogram of 

mobile phase, drug and internal standard (Ketoprofen) in mobile phase spiked with 

Loxoprofen. The retention time of Loxoprofen in mobile phase was 7.7±0.05 minutes.   

5.14.3. Specificity 

The specificity of method was characterized by performing separate injections of mobile phase, 

drug sample and drug sample with internal standard (Ketoprofen) to observe interference with 

active drug material. Figures 5.26 & 5.27 chromatograms of drug sample and drug sample with 

internal standard (Ketoprofen) confirmed the retention time at 7.7 ± 0.05 minutes. Nathakumar 

Nanthakumar R et al., 2011 used a similar method to determine the specificity of Loxoprofen 

developed HPLC method (Nanthakumar et al., 2016).  The satisfactory results indicating high 

specificity of a proposed chromatographic method for Loxoprofen determination (Eissa and 

El-Sattar, 2016). 

 

Table 5.10: Back-calculation of selected concentration of Loxoprofen in mobile phase.  

 

 

 

 

 

Concentration (ppm) Found (ppm) Mean ± SD (n=3) Recovery (%) 

0.1 0.097 ± 0.001 97 

2 1.85 ± 0.06 92.5 

6 5.76 ± 0.26 96 

10 9.9 ± 0.03 99 
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Table 5.11: Intra-day and Inter-day accuracy and precision of Loxoprofen in mobile phase. 

 

 

 

 

 

 Figure 5.26: HPLC chromatogram of Loxoprofen in mobile phase. 

 

 

Concentration (ppm) Intra- day ( n=5) Inter- day ( n=5) 

 Conc. found 

(Mean ± SD)  

RSD 

(%) 

Accuracy 

(%) 

 

Conc. found 

(Mean ± SD) 

RSD 

(%) 

Accuracy 

(%) 

 
0.1 0.095 ± 0.003 2.20 95 0.097 ± 0.001 1.12 97 

2 1.93 ± 0.05 2.80 97 1.85 ± 0.08 3.19 93 

6 5.88 ± 0.08 1.5 98 5.90 ± 0.06 0.80 98 

10 9.55 ± 0.21 2.4 96 9.47 ± 0.29 3.20 95 
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Figure 5.27: HPLC chromatogram of Loxoprofen and internal standard (Ketoprofen) phase. 

 

5.14.4. Lower limit of detection (LLOD) and lower limit of quantification (LLOQ) 

 Lower limit of detection (LLOD) and Lower limit of quantification (LLOQ) were 

accomplished and LLOD value was found to be 0.05 ppm, while LLOQ value was 0.01ppm 

for Loxoprofen sodium. The current method provided improved sensitivity and retention time 

as compared to previously described methods. Kashif et al employed HPLC method for 

Loxoprofen quantification and reported 0.01ppm LLOQ but 10 min retention time (Kashif et 

al., 2013). Similar retention time of Loxoprofen sodium by HPLC method was described by 

Maya S and Osama I (Eissa and El-Sattar, 2016). 

5.15. HPLC METHOD DEVELOPMENT AND VALIDATION IN HUMAN PLASMA 

The Loxoprofen HPLC method was successfully developed and validated in mobile phase in 

accordance with ICH guidelines. Now the method was developed and validated in human 

plasma to confirm its effectiveness for in-vivo pharmacokinetic and bioequivalence studies of 

Loxoprofen after administration of sustained release Loxoprofen pellets and immediate release 

marketed formulation. 
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 Mobile phase composed of acetonitrile and distilled water mixture (40:60) adjusted to pH 6.5 

with sodium dihydrogen phosphate at flow rate 1ml/min was used. The analysis was performed 

through High-Performance Liquid Chromatography consisting of Pump, LC- 10 VP 

(Shimadzu, Japan) and UV detector (SPD-10A Shimadzu, Japan). Digital ultrasonic sonicator 

(Clifton, Nickel-Electro Ltd, England) and the Analytical column (Mediterranea Sea C18 

column 250×4.6mm, 5um, Teknokroma, Spain) were selected for quantification of Loxoprofen 

sodium. 

5.15.1. Linearity (Calibration curve) 

Linearity or calibration curve is used as an effective tool for drug quantification from plasma 

samples. The linearity of the drug was assessed by injecting five injections of different 

concentrations and plotting peak area versus concentration that ranges from 0.1 ppm to 10 ppm 

(Figure 5.28). The drug showed considerable linearity with coefficient correlation value 

R2=0.999. Wang H et al found similar results of the linearity of Loxoprofen sodium in human 

plasma (Wang et al., 2007). Figure 5.26 shows excellent linearity behavior of a drug in human 

plasma according to ICH guidelines in specified chromatographic condition (Kang et al., 2011). 

 

 

Figure 5.28: Linearity curve of 0.1 ppm to 10 ppm of Loxoprofen sodium in human plasma. 

5.15.2. Interday and Intra-day accuracy and precision 

Four concentrations 0.1, 2, 6 and 10ppm of Loxoprofen were applied in human plasma and 

their recoveries were found to be 93, 90, 94 and 95%, respectively (Table 5.12). Analytical 

recovery of drug from human plasma at four selected concentrations indicating a good level of 

precision of the developed method. Similar results of accuracy were described at different 
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concentration of Loxoprofen sodium by HPLC method (Kim et al., 2002). Figures 5.29 & 5.30 

illustrates the chromatogram of blank plasma and blank plasma spiked with Loxoprofen. 

Chromatogram confirmed that there was no interference of plasma components with 

Loxoprofen peak. The retention time of Loxoprofen in plasma was 7.4±0.05 minutes (Figure 

5.31).   

 

Table 5.12: Back-calculation of selected concentration of Loxoprofen sodium in plasma. 

 

 

Table 5.13: Intra-day and Inter-day accuracy and precision of Loxoprofen sodium in plasma. 

 

 

 

Concentration (ppm) Found (ppm) Mean ± SD (n=3) Recovery (%) 

0.1 0.093 ± 0.02 93 

2 1.88 ± 0.08 90 

6 5.66 ± 0.41 94 

10 9.5± 0.10 95 

Concentration (ppm) Intra- day ( n=5) Inter- day ( n=5) 

 Conc. found 

(Mean ± SD)  

RSD 

(%) 

Accuracy 

(%) 

 

Conc. found 

(Mean ± SD) 

RSD 

(%) 

Accuracy 

(%) 

 

0.1 0.091 ± 0.002 2.19 91.8 0.098 ± 0.001 1.02 98 

2 1.86 ± 0.05 2.68 93 1.82 ± 0.06 3.29 91 

6 5.82 ± 0.08 1.37 97 5.94 ± 0.04 0.67 99 

10 9.38 ± 0.21 2.23 93.8 9.37 ± 0.29 3.09 93.7 
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Replicates of four concentrations 0.1, 2, 6 and 10 ppm of Loxoprofen sodium in plasma on the 

same day and three consecutive days were applied for determinations of accuracy and precision 

(Table 5.13). Intra-day accuracy was explained in a range of 91.8, 93, 97 and 93.8% whereas 

inter-day accuracy of three consecutive days ranged from 98, 91, 99, 93.7%, respectively 

(Table 5.13).  Intra-day values (% RSD) precision results were 2.19, 2.68, 1.37 and 2.23 % for 

Loxoprofen in respective concentrations. Inter-day (% RSD) results were 1.02, 3.29, 0.67, 

3.09% respectively (Table 5.13). Accuracy and precision variation were satisfactory due to less 

than 5% variation. Similar results described at different concentration of accuracy level of 

Loxoprofen sodium by HPLC method (Naganuma and Kawahara, 1990a).  Similar findings 

were observed by Jhee H et al after explaining Loxoprofen sodium method validation by HPLC 

method (Jhee et al., 2007). Results of inter-day and intra-day precision showed that method 

was precise, reliable and reproducible. 

5.15.3. Specificity 

The specificity of develope method for the quantification and pharmacokinetics of drug in 

plasma are very necessary, any excipient interruption can affect the results of the compound. 

Figures 5.29 & 5.31 illustrate chromatograms of blank plasma and blank plasma spiked with 

Loxoprofen sodium. By the column pre-treatment, an endogenous compound such as proteins 

was eluted and focused compounds were separated quickly with baseline resolution. It was 

revealed that system peaks or endogenous substance showed no chromatographic interference 

(Cho et al., 2006). Kashif et al developed a method in human plasma for pharmacokinetic 

determination of drug and confirmed its specificity for Loxoprofen sodium (Kashif et al., 

2013).   

5.15.4. Lower limit of detection (LLOD) and Lower limit of quantification (LLOQ) 

Lower limit of detection (LLOD) and Lower limit of quantification (LLOQ) studies were also 

determined. Samples of different concentration range were analyzed by injecting five 

replication of each injection. The minimum level of detection value was 0.05 ppm, while the 

lower limit of quantification was 0.01ppm for Loxoprofen sodium (Figure 5.30). Results were 

comparable with Kashif et al study for detection of Loxoprofen sodium in human plasma 

(Kashif et al., 2013). However, the current method presented improved sensitivity of 

Loxoprofen sodium as compared to previous literature (Cho et al., 2006; Lee et al., 2009; Wang 

et al., 2007). 

 



110 
 

 

 Figure 5.29: HPLC chromatogram of blank plasma. 

 

 

 Figure 5.30: HPLC chromatogram of LLOQ sample in plasma. 
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Figure 5.31: HPLC chromatogram of Loxoprofen sample in plasma. 

5.15.5. Stability studies 

 Freeze-thaw stability studies of two Loxoprofen sodium samples of concentration 0.1ppm and 

10ppm were accomplished for fresh and stored frozen samples-20 °C for one month. It was 

evident that samples were quite stable for a specified period of study. Percentage accuracy of 

0.1ppm concentration of fresh and after four-week samples were 98.6% and 92%, respectively.  

Percentage accuracy of 10ppm concentration of fresh and after four-week samples were 92% 

and 91%, respectively (Table 5.14) (Health and Services, 2001). The method showed excellent 

stability with % RSD 0.65-4.39%. Relative standard deviation (% RSD) was less than 5% 

which indicated that the proposed method has satisfactory precision and accuracy for LXP. 

Stability studies elucidated that there was no effect on the stability of Loxoprofen sodium 

samples (0.1ppm and 10ppm) stored at -20 °C for one month.  Cho- young et al showed similar 

findings of stability studies (Cho et al., 2006). These results recommended that plasma sample 

of Loxoprofen sodium can handled at normal laboratory condition without significant loss of 

compound. Hence, it was confirmed that this method has acceptability because of its 

convenience, simplicity, cost-effectiveness and faster than already other reported complex 

methods (Choo et al., 2001; Kanazawa et al., 2002).  
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Table 5.14: Long-term stability studies of Loxoprofen sodium in human plasma. 

 

5.16. Pharmacokinetic studies 

In present Pharmacokinetic study of immediate release marketed formulation (Roxonin) was 

taken as reference and optimized sustained release coated formulation (F4) was used as a test 

product. Single centred, single dose, open labelled, two treatment, two sequence, two period’s 

randomized crossover study was held in Abbassi Shaheed Hospital, Karachi after approval 

from ethical review board, University of Karachi, Pakistan. The study was conducted according 

to FDA guidelines. After taking informed and signed consent forms, immediate release 

marketed tablets were administered to healthy male volunteers and plasma samples were 

withdrawn at a time interval of 0, 0.5,1, 1.5, 2, 2.5, 3, 4, 6, 8, 12 hour. In sustained release 

coated pellet formulation (F4), sampling time was 0, 0.5,1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 14 and 24 

hour. The concentration of Loxoprofen was estimated by using a validated HPLC method. Hwa 

Jhee et al 2007 explained the bioequivalence and pharmacokinetic profile of Loxoprofen in 

healthy human volunteers (Jhee et al., 2007). Choo K et al., 2001 studied the pharmacokinetics 

of Loxoprofen tablet in healthy Korean volunteers (Choo et al., 2001). 

5.16.1. Non-compartmental analysis   

Non- compartmental analysis was carried out using Kinetica version 5.1 (Thermo Electron, 

USA). Previously, the non-compartmental methodology was employed for Loxoprofen 

pharmacokinetic parameters determination by kashif et al., 2013 (Kashif et al., 2013). Sally A 

Helmy et al., 2013 also used non-compartmental approach for pharmacokinetic determination 

of Loxoprofen in Egyptian male volunteers (Helmy, 2013). In the present study, the non-

compartmental method was used for pharmacokinetic parameters calculation of Loxoprofen 

sodium immediate-release marketed brand and sustained release coated pellet formulation.  

Samples Low concentration (0.1ppm) High concentration (10ppm) 

Fresh plasma After one month Fresh plasma After one month 

Mean ± SD 0.098±0.001 

 
 

 

  

0.092 ± 0.004 9.9±0.064 

 
 

 

  

9.12 ± 0.40 

RSD (%) 1.02 

  

4.34 0.65 

  

4.39 

Accuracy (%) 98.6 

  

92 99 

  

91 
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5.16.2. Pharmacokinetic analysis of immediate release marketed formulation (Roxonin) 

5.16.2.1. Cmax, Tmax, and AUC 

Average Cmax and Tmax values of immediate release marketed tablet (Roxonin) were 8.74 ± 

0.034 µg/ml and 1.5 ± 0.69 hr for phase I studies (Table 5.17, Figure 5.32) and 8.732 ± 0.053 

µg/ml and 1.5 ± 0.056 hr for phase II volunteers in fasting state (Table 5.18, Figure 5.33). Sally 

helmy, 2013 reported 7.2 ± 2.1 µg/ml Cmax and 0.8 ± 0.2 hr Tmax of Loxoprofen 60 mg (Helmy, 

2013). Hyun Kang et al., 2011performed Loxoprofen bioequivalence studies on twenty-four 

Korean healthy male volunteers and their average Cmax and Tmax values reported were 4.13 ± 

0.90 µg/ml and 0.5 ± 0.15 hr (Kang et al., 2011).  

AUClast and AUCtotal values of immediate release marketed tablet (Roxonin) were 24.53 ± 0.13 

and 24.54 ± 0.13 µg/ml×h for phase I, 24.56 ± 0.11 and 24.57 ± 0.12 µg/ml×h for phase II 

volunteers (Table 5.17 & 5.18). Kashif et al., 2013 obtained AUC 16.133 ± 0.343 µg/ml×h for 

Loxoprofen IR tablet in six healthy volunteers (Kashif et al., 2013).  Young Cho et al., 2006 

determined AUC value in the range of 446.37 ± 100.08 µg/ml×min in Korean healthy male 

volunteers (Cho et al., 2006). The results of Cmax, Tmax, and AUC confirmed that there was a 

minimum difference between observed and previous reported literature. 

5.16.2.2. Clearance and volume of distribution 

The mean clearance and volume of distribution values of immediate release marketed tablet 

(Roxonin) for phase I were 2.445 ± 0.013 L/ h and 3.28 ± 0.625 L while in phase II mean 

clearance and volume of distribution values were 2.442 ± 0.010 L/ h and 3.48 ± 0.125 L (Table 

5.17 & 5.18). 

5.16.2.3. Half-life, AUMC and MRT 

The average half-life of Roxonin IR tablet in phase I was observed to be 0.931 ± 0.177 hr and 

0.990 ± 0.036 hr for phase II (Table 5.17 & 5.18). Naganuma H and Kawahara Y, 1990b 

reported half -life 1.15 ± 0.07 hr in sixteen healthy volunteers after a single oral dose of 

Loxoprofen 60 mg (Naganuma and Kawahara, 1990b). Poonam Chand L et al., 2011 

determined half -life 1.15 ± 0.07 hr in bioequivalence studies of Loxoprofen tablets (Loya et 

al., 2011). Young Cho et al., 2006 reported half-life value in the range of 64.46 ± 9.68 min in 

male Korean volunteers (Cho et al., 2006). 
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AUMC values of immediate release marketed brand (Roxonin) in phase I and phase II studies 

were 76.79 ± 0.76 µg. h2/ml and 76.98 ± 0.616 µg. h2/ml, respectively (Table 5.17 & 5.18).  

MRT values determined in phase I and phase II were 3.12 ± 0.015 hrs and 3.13 ± 0.012 hrs, 

respectively. Naganuma H and Kawahara Y, 1990b reported Loxoprofen 60mg mean residence 

time 1.57 ± 0.05 hrs after single oral administration to volunteers (Naganuma and Kawahara, 

1990b). 

5.16.3. Pharmacokinetic analysis of optimized coated pellets formulation in fasted state 

5.16.3.1. Cmax, Tmax, and AUC 

Average Cmax and Tmax values of optimized sustained release coated formulation (F4) were 5.04 

± 0.021 µg/ml and 6.01 ± 0.192 hr for phase I and 5.08 ± 0.012 µg/ml and 6.02 ± 0.206  hr for 

phase II volunteers in fasted state (Table 5.19 & 5.20) (Figure 5.34 & 5.35). Naganuma H and 

Kawahara Y, 1990b presented 4.92 ± 0.22 µg/ml Cmax and 0.52 ± 0.04 hr Tmax for immediate 

release Loxoprofen tablet (Naganuma and Kawahara, 1990b). Hyun Kang et al., 2011 reported 

average Cmax 4.13 ± 0.90 µg/ml and Tmax 0.5 ± 0.15 hr in bioequivalence studies of two 

Loxoprofen immediate-release tablets (Kang et al., 2011).  

In the current study, average AUClast and AUCtotal values were evaluated through non -

compartmental model approach. AUClast and AUCtotal values of optimized sustained release 

coated formulation (F4) were 27.74 ± 0.18 and 27.77 ± 0.18 µg/ml×h for phase I and 27.67 ± 

0.090 and 27.70 ± 0.088 µg/ml×h for phase II volunteers (Table 5.19 & 5.20). Jhee et al., 2007 

reported AUClast 3.98 ± 2.01µg/ml×h and AUCtotal 4.68 ± 1.89µg/ml×h (Jhee et al., 2007). 

Young Cho et al., 2006 exhibited AUC value 446.37± 100.08 µg/ml×min in a pharmacokinetic 

study of Loxoprofen in Korean male healthy volunteers (Cho et al., 2006).  

5.16.3.2. Clearance and volume of distribution 

The mean clearance and volume of distribution of optimized sustained release coated 

formulated pellets were 2.16 ± 0.014 L/ h and 6.73 ± 0.149 L for phase I while in phase II mean 

clearance and volume of distribution values were 2.165 ± 0.006 L/ h and 6.70 ± 0.293 L (Table 

5.19 & 5.20). 

5.16.3.3. Half-life, AUMC and MRT 

The optimized sustained release coated formulated pellets in phase I exhibited an average half-

life 2.16 ± 0.39 hr and 2.14 ± 0.089 hr for phase II (Table 5.19 & 5.20). Sally helmy, 2013 
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reported half -life 1.7 ± 0.4 hr in pharmacokinetic and bioequivalence study of immediate 

release Loxoprofen 60 mg in twenty-four volunteers (Helmy, 2013). Poonam Chand L et al., 

2011 determined half -life 1.15 ± 0.07 hr of immediate release Loxoprofen tablets (Loya et al., 

2011). Hwa Jhee et al., 2007 reported half-life 1.37 ± 0.61 hr for pharmacokinetic and 

bioequivalence study in male volunteers (Jhee et al., 2007). 

Optimized coated pellets showed AUMC values of 173.46 ± 1.46µg. h2/ml and 173.25± 

0.76µg. h2/ml for phase I and phase II studies, respectively (Table 5.19 & 5.20).  MRT values 

of phase I and phase II were 6.24 ± 0.019 hrs and 6.25 ± 0.011 hrs, respectively. Naganuma H 

and Kawahara Y, 1990b estimated immediate release Loxoprofen mean residence time 1.57 ± 

0.05 hrs (Naganuma and Kawahara, 1990b). 

5.16.4. Pharmacokinetic analysis of optimized coated pellets formulation in fed state 

5.16.4.1. Cmax, Tmax, and AUC 

Pharmacokinetic analysis of optimized formulation was evaluated in fed state to access the 

effect of food intervention on pharmacokinetic parameters. Average Cmax and Tmax values of 

optimized sustained release coated formulation (F4) were 4.79 ± 0.050 µg/ml and 8.013 ± 0.129 

hr for phase I, 4.81 ± 0.057 µg/ml and 9.02 ± 0.11  hr for phase II volunteers in fed state (Table 

5.21 & 5.22) (Figure 5.36 & 5.37).  K-S Choo et al., 2001 presented Cmax  7827± 2073 ng/ml 

and Tmax 0.56 ± 0.13 hr after single immediate release Loxoprofen tablet to Korean male 

subjects (Choo et al., 2001).  Kashif et al., 2013 evaluated average Cmax 6.19 ± 0.216 µg/ml 

and Tmax 82.36 ± 7.46 minutes in pharmacokinetic study of Loxoprofen in healthy volunteers 

(Kashif et al., 2013).  

 The non-compartmental model approach was employed to determine average AUClast and 

AUCtotal values. AUClast and AUCtotal values of optimized sustained release coated formulation 

(F4) were 29.75 ± 0.73 and 29.77 ± 0.74 µg/ml×h for phase I and 29.70 ± 0.72 and 29.76 ± 

0.87 µg/ml×h for phase II volunteers (Table 5.21 & 5.22). Naganuma H and Kawahara Y, 

1990b reported AUC value 10.07 ± 2.47µg/ml×h after intravenous injection of Loxoprofen 

racemate to rats (Naganuma and Kawahara, 1990b). K-S Choo et al., 2001 presented AUC 

value 12866 ± 2650 ng/ml×h in a pharmacokinetic study of Loxoprofen in Korean male 

subjects (Choo et al., 2001). 
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 5.16.4.2. Clearance and volume of distribution 

The mean clearance and volume of distribution of optimized sustained release coated 

formulated pellets were 2.01 ± 0.047 L/ h and 7.71 ± 0.036 L for phase I and 2.02 ± 0.046 L/ 

h and 7.72 ± 0.040 L for phase II study in fed state (Table 5.21 & 5.22). Naganuma H and 

Kawahara Y, 1990b reported steady state volume of distribution 494 ± 84 ml/kg in a 

pharmacokinetic study of Loxoprofen racemate intravenous administration in rats (Naganuma 

and Kawahara, 1990b). 

5.16.4.3. Half-life, AUMC and MRT 

The optimized sustained release coated pellets in fed study phase I exhibited average half-life 

1.74 ± 0.075 hr and 1.76 ± 0.076 hr for phase II (Table 5.21 & 5.22). Naganuma H and 

Kawahara Y, 1990b reported Loxoprofen half-life 0.75 ± 0.03 hr after intravenous injection to 

rats (Naganuma and Kawahara, 1990b). Hwa Jhee et al., 2007 reported half-life 1.37 ± 0.61 hr 

pharmacokinetic and bioequivalence study in male volunteers (Jhee et al., 2007). Sally Helmy, 

2013 reported half - life 1.7 ± 0.4 hr pharmacokinetic and bioequivalence of immediate release 

Loxoprofen 60 mg in twenty-four volunteers (Helmy, 2013). Kashif M et al., 2013 determined 

half -life 82.36 ± 7.46 minutes in pharmacokinetic study of Loxoprofen tablet in six healthy 

volunteers (Kashif et al., 2013). Optimized coated pellets formulation presented AUMC values 

in phase I and phase II fed state studies were 229.72 ± 6.11µg. h2/ml and 228.95 ± 6.43µg. 

h2/ml, respectively (Table 5.21 & 5.22).  MRT values of phase I and phase II were 7.71 ± 0.036 

hrs and 7.75 ± 0.045 hrs, respectively. Naganuma H and Kawahara Y, 1990a reported mean 

residence time 1.57 ± 0.05 hr of Loxoprofen (Naganuma and Kawahara, 1990a) whereas, in 

another study Naganuma H and Kawahara Y, 1990b reported mean residence time of 

Loxoprofen racemate 0.82 ± 0.03 hr after intravenous injection to rats (Naganuma and 

Kawahara, 1990b). 

5.17. Bioequivalence studies 

According to FDA guidelines, Bioequivalence studies were designed (FDA, 2014). Immediate 

release marketed formulation (Roxonin) was coded as "A" while sustained-release coated 

pellets test formulation was coded as "B" (Table 5.15). Optimized sustained release coated 

pellets in a fasted state were coded as reference formulation "C" and same formulation in fed 

stated was coded as test formulation "D" (Table 5.16). 
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This study was single centred, single dose, open labelled, two treatment, two sequence, two 

period’s randomized crossover conducted in 12 healthy volunteers in fasted and fed state. 

Human volunteers were selected on the base of their medical history, clinical evaluation, 

physical examination and demographic profile. Plasma concentration of each volunteer was 

calculated by using a validated chromatographic method. The pharmacokinetic parameters 

were calculated by Kinetica software (version 5.0 Thermoelectron, corp). Bioequivalence 

parameters Cmax, Tmax, and AUC of immediate release tablet as a reference (Roxonin) and 

sustained release formulated pellets were compared by ANOVA method. Geometric mean ratio 

and schirmann’s two one-sided t-test were used to evaluate the bioequivalence between 

immediate release tablet as a reference (Roxonin) and sustained release formulated pellets. 

Significant difference level was desired at P ˂ 0.05 (Kaushal et al., 2016). The formulations 

were considered bioequivalent if 90 % confidence interval (Cl) of reference and test 

formulation were ranged within 80-125% after data analysis through logarithmically 

transferred forms. The acceptable range 80-125% was according to FDA guidelines, which was 

determined the maximum allowable difference (±20%) in pharmacokinetic parameters (FDA, 

2014). 

5.17.1. Bioequivalence studies of immediate release tablet (Roxonin) and optimized 

coated pellets in fasted state 

Bioequivalence studies of immediate release marketed reference formulation "A" and sustained 

release coated pellets test formulation "B" were carried out in fasting condition (Table 5.15). 

Mean Cmax of reference and test formulation were 8.74 ± 0.038 µg/ml and 5.04 ± 0.021 µg/ml. 

whereas, average AUClast and AUCtotal values of reference formulations were 24.53 ± 0.134 

µg/ml×h and 24.56 ± 0.011 µg/ml×h and  for test formulations 27.74 ± 0.180 µg/ml×h and 

27.76 ± 0.180 µg/ml×h (Table 5. 17&5.19) (Figure 5.38). The mean Tmax value of reference 

and test formulations were 1.5 ± 0.69 and 6.01 ± 0.192 hr. Hyun Kang et al., 2011 determined 

the bioequivalence of two Loxoprofen formulations in Korean volunteers and found no 

significant difference in AUC and Cmax of reference and test formulations with 90% confidence 

intervals (Cl) (Kang et al., 2011). Helmy et al., 2013 compared the pharmacokinetic and 

bioequivalence of two immediate release Loxoprofen tablets and found similar Cmax, AUC and 

Tmax values in both reference and test formulations (Helmy, 2013).  
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5.17.1.1 Statistical analysis for bioequivalence  

Bioequivalence studies were assessed by Latin square design using two-way analysis of 

variance (ANOVA) for crossover study and standard 90% confidence intervals (Cl) of ratio 

test/ reference was calculated. Cmax, AUC and Tmax were considered as primary variables for 

bioequivalence studies and their values were analyzed according to FDA guidelines. Different 

parameter such as sequence effect, period effect, formulation and subject effect of one period 

was determined by Latin square ANOVA (Kaushal et al., 2016). The formulation was 

considered bioequivalent if the difference between two compared parameters were found 

insignificant (P > 0.5) and 90% confidence interval (Cl) of these parameters would be 80-125% 

which confirmed the interchangeability of formulation (FDA, 2014; Helmy, 2013).   

Log transformed data was calculated by Latin square design ANOVA with 80-125% for 90% 

confidence interval (Cl) and non-significant limits were P > 0.5. The mean AUClast values were 

24.54 ± 0.13 µg/ml×h and 27.70 ± 0.088 µg/ml×h while AUCtotal values were 24.57 ± 0.12 

µg/ml×h and 27.74 ± 0.18 µg/ml×h for reference and test formulations, respectively. The 

geometric mean values of AUClast for log-transformed data was 24.53 ± 1.00 and 27.67 ± 1.00 

for reference and test formulations (Table 5.23). AUCtotal values of the geometric mean ratio 

were 24.57 ± 1.00 and 27.76 ± 1.00 for same reported formulations. Values of 90% confidence 

intervals (Cl) of AUClast were 99.98% (99.71-100.29%) and for AUCtotal these values were 

99.97% (99.53-100.40%) (Table 5.23). Schirmann’s two one-sided test provided the upper and 

lower value of t, which were 213.77 and 63.86 for AUClast, 130.8 and 38.13 for AUCtotal 

respectively. The calculated Cmax values were 8.74 ± 0.538 µg/ml and 5.04 ± 0.0212 µg/ml for 

reference and test products (Table 5.23). The geometric mean values of Cmax for log-

transformed data were 8.74 ± 0.004 and 5.04 ± 0.004 for same formulations. The geometric 

mean ratio was 1.7356, with 90% confidence interval (Cl) limit of 1.7303-1.7411. The results 

of 90% confidence interval (Cl) confirmed that Cmax and Tmax values were outside the 

bioequivalence limit of 80-125%. 

Non-log transformed data was also calculated by Latin square design ANOVA with 80-125% 

for 90% confidence interval (Cl) and non-significant limits were P > 0.5. The effect of the 

period, subject sequence and sequence in both test and reference formulations were found 

insignificant. The mean AUClast values were 24.54 ± 0.13 µg/ml×h and 27.70 ± 0.088 µg/ml×h 

while AUCtotal values were 24.57 ± 0.12 µg/ml×h and 27.74 ± 0.18 µg/ml×h for reference and 

test formulations, respectively. The geometric mean values of AUClast for non-log transformed 
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data was 1.12805 for reference and test formulations (Table 5.25). AUCtotal values of the 

geometric mean ratio were 1.1302 for same reported formulations. Values of 90% confidence 

intervals (Cl) of AUClast were 99.99% (99.71-100.28%) and for AUCtotal these values were 

99.96% (99.52-100.40%) (Table 5.25). Schirmann’s two one-sided test provided the upper and 

lower value of t, which were 213.77 and 68.86 for AUClast, 130.8 and 38.13 for AUCtotal 

respectively. The calculated Cmax values were 8.74 ± 0.538 µg/ml and 5.04 ± 0.0212 µg/ml for 

reference and test products (Table 5.25). The geometric mean values of Cmax for non-log 

transformed data were 8.74 ± 1.004 and 5.04 ± 1.004 for same formulations. The geometric 

mean ratio was 0.5761, with 90% confidence interval (Cl) limit of 0.5743-0.5779. The Tmax 

values of reference and test formulations were 1.50 ± 0.056 and 6.01 ± 0.192, respectively. The 

geometric mean ratio was 4.01, with 90% confidence interval (Cl) limit of 4-4.  

The results revealed that all values of 90% confidence intervals (Cl) for AUClast and AUCtotal 

were found within FDA acceptable limits i.e., 80-125% and Schirmann’s two one-sided t-test 

further validated the results (Table 5.23& 5.25). Therefore, these two formulations were 

considered bioequivalent because statistically no significant difference was observed. The 

results of the current study were in good agreement with the results of previous study which 

was conducted in normal healthy volunteers and peak plasma level, area under curve and half-

lives were compared which emphasize the validity of present results (Helmy, 2013; Kang et 

al., 2011; Loya et al., 2011).  

5.17.1.2. Statistical analysis of other pharmacokinetic parameters of immediate release 

tablet (Roxonin) and optimized coated pellets in fasted state 

In addition to Cmax, AUC and Tmax, other pharmacokinetic parameters values were evaluated 

by the non-log and log transformed method. Same acceptable limit of 90% confidence interval 

(Cl) (80-125%) was set as standard with P > 0.5 value of non- significant data.  Geometric 

mean values of AUMC, T½, MRT, Clearance and Vd were successfully determined with non-

log transformed data by using kinetic software (version 5.1 Thermoelectron, corp).  

The geometric mean ratio of log transformed data were 0.4439 (90% Cl; 0.4419 -0.4459) of 

AUMC, 0.4958 (90% Cl; 0.4372-0.5622) of T½, 0.5009 (90% Cl; 0.4995-0.5024) of MRT, 

1.1299 (90% Cl; 1.1257-1.1341) of clearance, 0.5199 (90% Cl; 0.5044-0.536) of Vd (Table 

5.23). 
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The geometric mean ratio of non-log transformed data were 2.2526 (90% Cl; 2.2425 -2.2628) 

of AUMC, 2.0169 (90% Cl; 1.7785-2.2872) of T½, 1.9961 (90% Cl; 1.9903-2.001) of MRT, 

0.94020.8850 (90% Cl; 0.8817-0.8883) of clearance, 1.9231 (90% Cl; 1.8657-1.9824) of Vd 

(Table 5.25). These geometric mean values were outside the limit of bioequivalence except 

clearance which was found within limit (Nasiri et al., 2018). 

5.17.2. Bioequivalence studies of optimized coated pellets in fasted and fed state 

Optimized sustained release coated pellets in a fasted state were coded as reference formulation 

"C" and same coated pellets formulation in fed stated was coded as test formulation "D" (Table 

5.16). 

The Mean ± SD value of Cmax of optimized coated SR pellets under fasted and fed conditions 

were 5.06 ± 0.021 µg/ml and 4.70 ± 0.057 µg/ml respectively. The average AUClast and 

AUCtotal values of reference formulations were 27.67 ± 0.90 µg/ml×h and 27.70 ± 0.088 

µg/ml×h (fasted) and for test formulations 29.75 ± 0.73 µg/ml×h and 29.76 ± 0.732 µg/ml×h 

(fed) (Table 5.19 & 5.21) (Figure 5.39). Mean Tmax value of reference (fasted) and test 

formulations (fed) were 6.02 ± 0.206 and 8.01 ± 0.129 hr. Fast vs fed comparison revealed that 

food content influence the absorption of the drug in both reference and test formulations but 

the results were within FDA bioequivalence limit. No significant effect was on the 

bioavailability of Loxoprofen sodium because SR pellet formulation rapidly emptied from 

stomach during the digestive phase. Hwa Jhee et al., 2007 determined pharmacokinetic and 

bioequivalence study of two brands of Loxoprofen in Korean healthy volunteers and found no 

significant difference in AUC and Cmax of reference and test formulations which were within 

bioequivalence limit with 90% confidence of interval (Jhee et al., 2007). Punamchand Loya et 

al., 2011 compared the bioequivalence of two Loxoprofen tablets and found Cmax and AUC 

values in the range of 80-125% for both reference and test formulations (Loya et al., 2011). 

5.17.2.1. Statistical analysis for bioequivalence  

Bioequivalence studies of optimized coated pellets formulations were determined by Latin 

square design by using two-way analysis of variance (ANOVA) for crossover study and 

standard 90% Cl of ratio test/ reference was calculated. According to FDA guidelines, primary 

variables such as Cmax, AUC and Tmax were considered for bioequivalence studies and their 

values were analyzed.  Different parameter such as sequence effect, period effect, formulation 

and subject for one period were determined by Latin square ANOVA (Kaushal et al., 2016). 

The formulation was considered bioequivalent if the difference between two compared 
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parameters were found insignificant (P > 0.5) and confidence interval 90% Cl of these 

parameters would be 80-125% (Hanif et al., 2018b; Wang et al., 2007).   

Log-transformed data was calculated by Latin square design ANOVA with 80-125% for 90% 

confidence interval (Cl) and non-significant limits were P > 0.5. The calculated Cmax values 

were 5.04 ± 0.212 and 4.79 ± 0.057 for reference (fasted) and test (fed) brands respectively. 

The geometric mean values of Cmax for non-log transformed data were 5.04 ± 1.004 and 4.79 

± 1.01 for same formulations. 90 % confidence interval (Cl) value of Cmax was 100% (99.52-

100.48%) (Table 5.24). Schirmann’s two one-sided test reported upper and lower value of t, 

which were 103.1 and 65.10 for Cmax, respectively for the above reported formulations (Table 

5.24). 

The mean AUClast values were 27.67 ± 0.18 µg/ml×h and 29.75 ± 0.736 µg/ml×h while AUCtotal 

values were 27.76 ± 0.180 µg/ml×h and 29.77 ± 0.736 µg/ml×h for reference (fasted) and test 

formulations (fed) respectively. The geometric mean values of AUClast for log-transformed 

data were 27.67 ± 0.003 and 29.74 ± 0.024 for reference and test formulations (Table 5.24). 

AUCtotal values of geometric mean values were 27.76 ± 1.006 and 29.766 ± 1.02 for the same 

formulations. Values of 90% confidence intervals (Cl) of AUClast was 100% (98.60-101.42%) 

and for AUCtotal these values were 100% (98.87-101.14%) (Table 5.24). Schirmann’s two one-

sided test elucidated the upper value of t 37.91 and lower value 19.38 for AUClast, and was 

40.25 and 24.56 for AUCtotal, respectively for same reported formulations (Table 5.24).  

Non-log transformed data was also evaluated by Latin square design ANOVA with 80-125% 

for 90% confidence interval (Cl) and non-significant limits were P > 0.5. The calculated Cmax 

values were 5.06 ± 0.212 and 4.81 ± 0.057 for reference (fasted) and test (fed) brands 

respectively. The geometric mean values of Cmax for non-log transformed data were 5.06 ± 

1.005 and 4.81 ± 1.022 for same formulations. 90 % confidence interval (Cl) value of Cmax was 

100% (98.63-101.37) (Table 5.26). Schirmann’s two one-sided test reported upper and lower 

value of t, which were 35.15 and 22.56 for Cmax, respectively for the above reported 

formulations.  

The mean AUClast values were 27.74 ± 0.18 µg/ml×h and 29.75 ± 0.736 µg/ml×h while AUCtotal 

values were 27.76 ± 0.180 µg/ml×h and 29.77 ± 0.736 µg/ml×h for reference (fasted) and test 

formulations (fed) respectively. The geometric mean values of AUClast for non-log transformed 

data were 27.74 ± 1.00 and 29.75 ± 1.02 for reference and test formulations (Table 5.26). 

AUCtotal values of geometric mean values were 27.70 ± 1.003 and 29.766 ± 1.02 for the same 
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formulations. Values of 90% confidence intervals (Cl) of AUClast was 100% (98.86-101.14%) 

and for AUCtotal these values were 100% (98.60-101.41%) (Table 5.26). Schirmann’s two one-

sided test elucidated the upper value of t 46.76 and lower value 24.48 for AUClast, and was 

39.97 and 19.47 for AUCtotal, respectively for same reported formulations.  

The 90% confidence intervals (Cl) for Cmax, AUClast and AUCtotal in fasted versus fed condition 

was within the range of bioequivalence within FDA acceptable limits i.e., 80-125% and 

Schirmann’s two one-sided t-test further validated the results. Therefore, these two 

formulations were considered bioequivalent because statistically no significant difference was 

observed. The results of analysis exhibited that non-significant effect in the period, subject 

sequence and sequence whereas, the significant effect shown in the formulation. Punamchand 

Loya et al. compared the bioequivalence studies of single dose (60mg) Loxoprofen tablet 

(locally manufacture in India) with Roxonin (reference) tablet in a fasted state (Loya et al., 

2011). 

5.17.2.2. Statistical analysis of other pharmacokinetic parameters of optimized coated 

pellets in fed and fasted conditions 

Besides Cmax, AUC and Tmax, other pharmacokinetic parameters values were also calculated by 

the non-log and log transformed method. Same criteria of 90% confidence interval (Cl) (80-

125%) was established as standard for non-significant data with P > 0.5 value.  Geometric 

mean values of AUMC, T½, MRT, Clearance and Vd were successfully determined with non-

log transformed data through kinetic software (version 5.0 Thermoelectron, corp). The 

geometric mean ratio of log transformed data was 0.7551 (90% Cl; 0.7433-0.3406) of AUMC, 

1.2229 (90% Cl; 1.19-1.25) of T½, 0.8096 (90% Cl; 0.8071-0.8121) of MRT, 1.0734 (90% Cl; 

1.0617-1.0852) of clearance, 1.3245 (90% Cl; 1.2878-1.3623) of Vd (Table 5.24). 

The geometric mean ratio of non-log transformed data was 1.3239 (90% Cl; 1.3076-1.3406) of 

AUMC, 0.8090 (90% Cl; 0.7895-0.8291) of T½, 0.5009 (90% Cl; 0.995-0.5024) of MRT, 

0.9402 (90% Cl; 0.9314-0.9491) of clearance, 0.7811 (90% Cl; 0.7338-0.8315) of Vd (Table 

5.26). These geometric mean values were outside the limit of bioequivalence but the clearance 

was found within limits and bioequivalence can be concluded (Hanif et al., 2017; Nasiri et al., 

2018).The results revealed that all pharmacokinetic parameters showed insignificant effect in 

period, sequence and subject sequence while significant effect was found in formulation. The 

analysis demonstrated that no significant difference was observed in coated pellets formulation 

under fasted and fed conditions for Cmax and AUC only.  
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Table 5.15:  Details of volunteers participated in pharmacokinetic studies of immediate 

release Roxonin 60 mg tablet and sustained release Loxoprofen sodium 60 mg pellets (F12) 

under fasted state. 

 

A = Roxonin (Fasted) 

B = F12 (Fasted)  

 

 

 

 

 

 

 

 

 

 

 

 

S. 

No 

Volunteer 

Code 

Sequence Age 

(Yr) 

Weight 

(Kg) 

Height 

(ft.in) 

Blood 

Pressure 

(mmHg) 

Phase I 

Blood 

Pressure 

(mmHg) 

Phase II 

1 V1 AB 22 65 5'7" 120/75 110/70 

2 V2 BA 23 67 5'8" 120/70 110/65 

3 V3 AB 24 70 5'10" 110/65 105/65 

4 V4 BA 24 65 5'1" 110/70 120/75 

5 V5 AB 21 66 5'9" 125/80 120/70 

6 V6 BA 22 62 5'6" 120/80 110/70 

7 V7 AB 23 63 5'7" 110/65 105/65 

8 V8 BA 25 65 5'8" 110/70 115/65 

9 V9 AB 22 66 5'9" 125/80 115/70 

10 V10 BA 23 62 5'7" 125/75 110/65 

11 V11 AB 25 72 5'10" 125/85 110/70 

12 V12 BA 23 68 5'8" 125/70 120/80 
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Table 5.16:  Details of volunteers participated in pharmacokinetic studies of sustained release 

Loxoprofen sodium 60 mg pellets (F12) under fasted and fed states.   

C = F12 (Fasted) 

D = F12 (Fed)  

S. 

No 

Volunteer 

Code 

Sequence Age 

(Yr) 

Weight 

(Kg) 

Height 

(ft.in) 

Blood 

Pressure 

(mmHg) 

Phase I 

Blood 

Pressure 

(mmHg) 

Phase II 

1 V1 CD 24 68 5'9" 110/65 115/70 

2 V2 DC 23 69 5'7" 125/80 110/65 

3 V3 CD 25 71 5'9" 110/65 110/70 

4 V4 DC 22 67 5'6" 125/85 120/80 

5 V5 CD 21 65 5'7" 125/70 110/70 

6 V6 DC 23 64 5'7" 120/80 110/65 

7 V7 CD 21 62 5'8" 110/65 105/65 

8 V8 DC 23 67 5'9" 110/70 120/75 

9 V9 CD 21 62 5'6" 125/80 115/70 

10 V10 DC 23 66 5'7" 125/80 120/80 

11 V11 CD 25 70 5'9" 120/80 110/65 

12 V12 DC 24 65 5'7" 110/70 110/70 
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Table 5.17: Pharmacokinetic parameters of immediate release marketed tablet in fasted state phase 1. 

Volunteers 

Cmax 

µg/mL 

Tmax 

h 

HVD 

h 

AUClast 

µg/mL*h 

AUCtotal 

µg/mL*h 

AUMCtotal 

µg/mL*(h)² 

T1/2 

h 

MRT 

h 

Clearance 

L/h 

Vz 

L 

MRTlast 

h 

V1 8.768 1.5 2.096 24.517 24.522 76.871 0.889 3.134 2.446 3.141 3.133 

V2 8.783 1.5 2.098 24.493 24.50 76.899 1.036 3.138 2.448 3.660 3.136 

V3 8.749 1.5 2.105 24.441 24.442 75.795 0.975 3.101 2.454 1.681 3.101 

V4 8.786 1.5 2.105 24.635 24.642 77.414 1.038 3.141 2.435 3.648 3.138 

V5 8.762 1.5 2.103 24.460 24.466 76.276 1.010 3.117 2.452 3.575 3.115 

V6 8.671 1.5 2.119 24.579 24.586 77.234 1.025 3.141 2.441 3.609 3.138 

V7 8.707 1.5 2.115 24.731 24.735 77.958 1.008 3.152 2.425 3.529 3.149 

V8 8.762 1.5 2.145 24.743 24.748 77.685 1.004 3.138 2.424 3.513 3.137 

V9 8.689 1.5 2.105 24.411 24.416 76.215 1.018 3.121 2.457 3.609 3.119 

V10 8.777 1.5 2.084 24.421 24.426 76.308 0.998 3.124 2.456 3.539 3.122 

V11 8.747 1.5 2.114 24.646 24.649 77.279 0.967 3.135 2.434 2.345 3.134 

V12 8.776 1.5 2.108 24.316 24.321 75.547 1.002 3.106 2.467 3.566 3.104 

Mean 8.748 1.5 2.108 24.533 24.538 76.791 0.991 3.129 2.445 3.285 3.127 

SD 0.038 0 0.015 0.134 0.135 0.761 0.177 0.015 0.013 0.625 0.015 

%CV 0.436 0 0.710039 0.548 0.549 0.991 19.0341 0.491 0.548 19.032 0.478 
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Table 5.18: Pharmacokinetic parameters of immediate release marketed tablet in fasted state phase 2. 

Volunteers 

Cmax 

µg/mL 

Tmax 

h 

HVD 

h 

AUClast 

µg/mL*h 

AUCtotal 

µg/mL*h 

AUMCtotal 

µg/mL*(h)² 

T1/2 

h 

MRT 

h 

Clearance 

L/h 

Vz 

L 

MRTlast 

h 

V1 8.729 1.5 2.104 24.424 24.428 76.472 0.879 3.130 2.456 3.116 3.128 

V2 8.767 1.5 2.105 24.644 24.650 77.424 1.017 3.141 2.434 3.571 3.138 

V3 8.728 1.5 2.100 24.408 24.414 76.108 1.015 3.117 2.457 3.599 3.115 

V4 8.812 1.5 2.107 24.604 24.608 76.862 0.989 3.123 2.438 3.482 3.122 

V5 8.821 1.5 2.092 24.638 24.642 76.999 0.987 3.124 2.434 3.462 3.123 

V6 8.676 1.5 2.124 24.734 24.738 77.895 0.999 3.148 2.425 3.496 3.147 

V7 8.730 1.5 2.107 24.622 24.627 77.510 0.991 3.147 2.436 3.484 3.145 

V8 8.682 1.5 2.114 24.507 24.512 76.687 1.017 3.128 2.447 3.592 3.126 

V9 8.689 1.5 2.111 24.667 24.672 77.695 1.006 3.149 2.432 3.530 3.147 

V10 8.747 1.5 2.110 24.627 24.632 77.549 1.002 3.148 2.436 3.519 3.146 

V11 8.761 1.5 2.096 24.482 24.486 76.404 0.993 3.120 2.450 3.511 3.119 

V12 8.643 1.5 2.122 24.425 24.428 76.219 0.990 3.120 2.456 3.506 3.118 

Mean 8.732 1.5 2.108 24.565 24.569 76.986 0.991 3.133 2.442 3.489 3.131 

SD 0.054 0 0.009 0.110 0.110 0.616 0.037 0.013 0.011 0.125 0.012 

%CV 0.616 0 0.449 0.449 0.448 0.801 3.703 0.406 0.448 3.591 0.405 



127 
 

Table 5.19: Pharmacokinetic parameters of sustained release optimized coated pellets in fasted state phase 1. 

 

Volunteers 

Cmax 

µg/mL 

Tmax 

h 

HVD 

h 

AUClast 

µg/mL*h 

AUCtotal 

µg/mL*h 

AUMCtotal 

µg/mL*(h)² 

T1/2 

h 

MRT 

h 

Clearance 

L/h 

Vz 

L 

MRTlast 

h 

V1 5.058 6 4.835 27.785 27.809 173.379 2.114 6.235 2.157 6.581 6.216 

V2 5.021 6 4.858 27.625 27.654 172.925 2.153 6.253 2.169 6.740 6.232 

V3 5.049 6 4.789 27.731 27.758 173.619 2.135 6.255 2.162 6.656 6.234 

V4 5.013 6 4.974 27.753 27.785 174.167 2.214 6.268 2.159 6.897 6.244 

V5 5.056 6 4.890 28.002 28.029 175.545 2.119 6.263 2.141 6.546 6.243 

V6 5.054 6 4.827 27.620 27.647 172.226 2.163 6.229 2.170 6.774 6.208 

V7 5.037 6 4.772 27.908 27.935 175.287 2.103 6.275 2.147 6.517 6.255 

V8 5.013 6 4.830 27.653 27.679 172.299 2.149 6.225 2.167 6.720 6.204 

V9 5.017 6 4.819 27.433 27.463 170.766 2.213 6.218 2.185 6.976 6.195 

V10 5.068 6 4.797 27.798 27.825 173.226 2.156 6.225 2.156 6.709 6.205 

V11 5.029 6 4.779 27.542 27.573 172.597 2.214 6.259 2.176 6.949 6.235 

V12 5.068 6 4.861 28.040 28.071 175.528 2.190 6.253 2.137 6.754 6.229 

Mean 5.040 6 4.836 27.741 27.769 173.463 2.161 6.246 2.161 6.735 6.225 

SD 0.021 0 0.056 0.181 0.180 1.468 0.039 0.019 0.014 0.149 0.019 

%CV 0.421 0 1.156 0.652 0.650 0.846 1.838 0.306 0.650 2.222 0.302 
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Table 5.20: Pharmacokinetic parameters of sustained release optimized coated pellets in fasted state phase 2. 

Volunteers 

Cmax 

µg/mL 

Tmax 

h 

HVD 

h 

AUClast 

µg/mL*h 

AUCtotal 

µg/mL*h 

AUMCtotal 

µg/mL*(h)² 

T1/2 

h 

MRT 

h 

Clearance 

L/h 

Vz 

L 

MRTlast 

h 

V1 5.088 6 4.763 27.632 27.660 172.659 2.150 6.242 2.169 6.729 6.221 

V2 5.067 6 4.765 27.715 27.742 173.657 2.128 6.259 2.162 6.641 6.239 

V3 5.068 6 4.777 27.692 27.720 173.499 2.155 6.259 2.164 6.729 6.237 

V4 5.098 6 4.727 27.769 27.795 174.454 1.984 6.276 2.158 6.179 6.257 

V5 5.098 6 4.734 27.595 27.622 172.691 2.155 6.252 2.172 6.754 6.231 

V6 5.098 6 4.757 27.659 27.692 172.903 2.248 6.243 2.166 7.028 6.219 

V7 5.097 6 4.765 27.727 27.756 173.539 2.165 6.252 2.162 6.754 6.231 

V8 5.079 6 4.797 27.641 27.672 173.148 2.211 6.257 2.168 6.916 6.234 

V9 5.088 6 4.787 27.757 27.782 174.012 1.982 6.263 2.159 6.176 6.244 

V10 5.108 6 4.775 27.780 27.804 173.520 2.091 6.241 2.157 6.509 6.223 

V11 5.078 6 4.753 27.667 27.699 173.490 2.215 6.263 2.166 6.922 6.239 

V12 5.080 6 4.766 27.455 27.487 171.464 2.251 6.238 2.183 7.088 6.213 

Mean 5.087 6 4.764 27.674 27.702 173.253 2.145 6.254 2.165 6.702 6.232 

SD 0.012 0 0.019 0.090 0.088 0.765 0.089 0.011 0.006 0.293 0.012 

%CV 0.255 0 0.418 0.326 0.318 0.442 4.154 0.182 0.319 4.377 0.196 
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Table 5.21: Pharmacokinetic parameters of sustained release optimized coated pellets in fed state phase1. 

 

Volunteers 

Cmax 

µg/mL 

Tmax 

h 

HVD 

h 

AUClast 

µg/mL*h 

AUCtotal 

µg/mL*h 

AUMCtotal 

µg/mL*(h)² 

T1/2 

h 

MRT 

h 

Clearance 

L/h 

Vz 

L 

MRTlast 

h 

V1 4.763 8 5.430 29.444 29.470 226.764 1.981 7.694 2.036 5.819 7.677 

V2 4.779 8 5.559 29.641 29.660 227.395 1.713 7.666 2.022 4.998 7.654 

V3 4.837 8 5.381 29.826 29.848 230.396 1.738 7.718 2.010 5.041 7.705 

V4 4.803 8 5.189 29.238 29.257 224.859 1.702 7.685 2.051 5.0351 7.673 

V5 4.779 8 5.199 29.287 29.311 225.448 1.758 7.692 2.047 5.192 7.676 

V6 4.794 8 5.467 29.655 29.675 227.722 1.705 7.674 2.022 4.974 7.662 

V7 4.790 8 5.388 29.756 29.776 230.511 1.709 7.741 2.015 4.968 7.728 

V8 4.772 8 5.430 29.760 29.782 231.04 1.733 7.757 2.015 5.038 7.743 

V9 4.692 8 5.399 29.009 29.032 223.262 1.754 7.690 2.066 5.229 7.675 

V10 4.770 8 5.175 29.531 29.552 229.333 1.728 7.760 2.030 5.064 7.746 

V11 4.806 8 5.394 29.959 29.983 233.117 1.747 7.775 2.001 5.045 7.760 

V12 4.907 8 6.105 31.924 31.946 246.893 1.725 7.728 1.878 4.674 7.715 

Mean 4.791 8 5.426 29.753 29.774 229.728 1.749 7.715 2.016 5.090 7.701 

SD 0.050 0 0.244 0.736 0.736 6.113 0.075 0.036 0.047 0.266 0.036 

%CV 1.048 0 4.498 2.475 2.473 2.661 4.303 0.475 2.349 5.236 0.475 
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Table 5.22: Pharmacokinetic parameters of sustained release optimized coated pellets in fed state phase 2. 

Volunteers 

Cmax 

µg/Ml 

Tmax 

h 

HVD 

h 

AUClast 

µg/mL*h 

AUCtotal 

µg/mL*h 

AUMCtotal 

µg/mL*(h)² 

T1/2 

h 

MRT 

h 

Clearance 

L/h 

Vz 

L 

MRTlast 

h 

V1 4.780 8 5.440 29.468 29.470 227.764 1.941 7.686 2.039 5.909 7.697 

V2 4.872 8 5.569 29.652 29.660 228.395 1.722 7.676 2.022 4.947 7.634 

V3 4.857 8 5.428 29.830 29.848 229.396 1.759 7.728 2.012 5.141 7.664 

V4 4.773 8 5.181 29.231 29.249 225.859 1.761 7.693 2.054 5.015 7.716 

V5 4.779 8 5.198 29.290 29.301 226.528 1.748 7.676 2.077 5.092 7.696 

V6 4.799 8 5.471 29.677 29.685 223.692 1.715 7.693 2.032 4.996 7.691 

V7 4.791 8 5.378 29.773 29.786 231.511 1.729 7.761 2.017 4.931 7.701 

V8 4.783 8 5.445 29.782 29.793 230.104 1.773 7.777 2.011 5.108 7.774 

V9 4.736 8 5.400 29.102 29.132 222.622 1.734 7.672 2.069 5.206 7.693 

V10 4.766 8 5.169 29.436 29.452 231.623 1.798 7.790 2.036 5.093 7.732 

V11 4.807 8 5.406 29.831 29.843 234.711 1.721 7.784 2.012 5.029 7.794 

V12 4.927 8 6.094 31.942 31.956 247.233 1.701 7.730 1.892 4.692 7.707 

Mean 4.803 8 5.432 29.751 29.764 229.953 1.758 7.722 2.023 5.096 7.708 

SD 0.057 0 0.243 0.733 0.732 6.434 0.063 0.045 0.046 0.287 0.0432 

%CV 1.197 0 4.477 2.464 2.460 2.798 3.626 0.588 2.322 5.638 0.561 
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Table 5.23: Mean log-transformed pharmacokinetic non- compartmental parameters of IR 

marketed tablet vs SR Loxoprofen sodium (60 mg) pellets.  

Parameter IR Tablet SR Pellets Geomean Ratio Cl 

Cmax 1.61748 2.16887 1.7356 1.7303-1.7411 

AUClast 3.3205 3.20001 0.8864 0.8839 -0.8890 

AUCtotal 3.3239 3.20152 1.1302 1.1248 -1.1356 

AUMCtotal 5.1557 4.34359 0.4439 0.4419 -0.4459 

T1/2 0.7599 0.05834 0.4958 0.4372 -0.5622 

MRT 1.83202 1.14083 0.5009 0.4995 -0.5024 

Clearance 0.77178 0.89392 1.1299 1.1257 -1.1341 

VZ 1.90713 1.25317 0.5199 0.5044 -0.5360 

 

Table 5.24: Mean log-transformed pharmacokinetic non- compartmental parameters of  

      SR fasted vs SR fed pellets 

Parameter Fasted  

pellets 

Fed  

Pellets 

Geomean Ratio Cl 

Cmax 1.61748 1.56707 1.0517 1.0467-1.0568 

AUClast 3.3205 3.3926 0.93039 0.9170 -0.9436 

AUCtotal 3.3239 3.3933 1.0719 1.0599 -1.0842 

AUMCtotal 5.1557 5.4365 0.7511 0.7433 -0.7671 

T1/2 0.7599 0.5586 1.2229 1.19 -1.256 

MRT 1.83202 2.0432 0.80963 0.8071 -0.8121 

Clearance 0.77178 0.70095 1.7034 1.0617 -1.0852 

VZ 1.90713 1.62609 1.3245 1.2878 -1.3623 
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Table 5.25: Mean non-log transformed pharmacokinetic non- compartmental parameters of 

IR marketed tablet vs SR Loxoprofen sodium (60 mg) pellets.  

Parameter IR Tablet SR Pellets Geomean Ratio Cl 

Cmax 1.61748 2.16887 0.57614 0.5743-0.5779 

AUClast 3.3205 3.20001 1.1280 1.1248 -1.1313 

AUCtotal 3.3239 3.20152 1.1302 1.1248 -1.1356 

AUMCtotal 5.1557 4.34359 2.2526 2.2425 -2.2628 

T1/2 0.7599 0.05834 2.01692 1.7785 -2.2872 

MRT 1.83202 1.14083 1.9961 1.9903 -2.0019 

Clearance 0.77178 0.89392 0.88502 0.8817 -0.8883 

VZ 1.90713 1.25317 1.92316 1.8657 -1.9824 

 

 

Table 5.26: Mean non-log transformed pharmacokinetic non- compartmental parameters of 

SR fasted vs SR fed pellets.  

 

 

Parameter Fasted 

Pellets 

Fed 

Pellets 

Geomean Ratio Cl 

Cmax 1.62186 1.57319 0.9525 0.93924 - 0.96594 

AUClast 3.32289 3.39265 1.07225 1.0601 -1.0845 

AUCtotal 3.32153 3.39339 1.0745 1.0595 -1.0897 

AUMCtotal 5.15594 5.43658 1.32399 1.3076 -1.3406 

T1/2 0.77018 0.55834 0.809092 0.78952 - 0.82915 

MRT 1.83202 1.14083 0.500977 0.49952 - 0.50244 

Clearance 0.77009 0.70849 0.940257 0.93143 - 0.94917 

VZ 1.9014 1.65441 0.781152 0.7338 - 0.83156 
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Figure 5.32: Semi-log plot of plasma drug concentration versus time after administration of 

immediate-release marketed formulation to human volunteers of phase 1 in fasted state. 

 

 

Figure 5.33: Semi-log plot of plasma drug concentration versus time after administration of 

immediate-release marketed formulation to human volunteers of phase 2 in fasted state. 
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Figure 5.34: Semi-log plot of plasma drug concentration versus time after administration of 

optimized coated pellet formulation to human volunteers of phase 1 in fasted state. 

  

Figure 5.35: Semi-log plot of plasma drug concentration versus time after administration of 

optimized coated pellet formulation to human volunteers of phase 2 in fasted state. 
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Figure 5.36: Semi-log plot of plasma drug concentration versus time after administration of 

optimized coated pellet formulation to human volunteers of phase 1 in fed state. 

 

 

Figure 5.37: Semi-log plot of plasma drug concentration versus time after administration of 

optimized coated pellet formulation to human volunteers of phase 1 in fed state. 
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Figure 5.38: Semi-log plot of plasma drug concentration versus time of IR Loxoprofen sodium 

marketed tablet versus optimized SR coated pellets after administration to human volunteers 

in fasted state. 

 

          

Figure 5.39: Semi-log plot of plasma drug concentration versus time of optimized SR coated 

pellets after administration to human volunteers in fasted and fed state. 

. 
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6. Conclusion 

Development of different sustained release uncoated, coated and matrix pellets of Loxoprofen 

sodium by extrusion-spheronization. All formulations indicated excellent flowability. Pellets 

formulated with hydrophobic polymers minimized the Loxoprofen release in acidic medium. 

The sustained drug release was found at higher polymeric concentration and viscosity of 

Ethylcellulose 10 cps, Eudragit RS100, Eudragit RL100, Eudragit RSPO and Eudragit RLPO 

in basic medium. Kinetics of drug release was best explained by First order release model and 

Higuchi release model. The mechanism of drug release followed non-Fickian diffusion 

(Anomalous release). Image analysis and SEM revealed that all formulations were smooth in 

surface and spherical in nature. FTIR, TGA and X-RD spectra indicated the absence of any 

physical interaction between drug, polymer and excipients. According to ICH guidelines, 

accelerated stability studies of selected formulations were conducted by using R software and 

calculated shelf life was 12 months.  

The validation results proposed that the current method is accurate, specific, precise, linear and 

reproducible for estimation of Loxoprofen in mobile phase and human plasma. The proposed 

method showed the excellent stability of Loxoprofen with an accuracy of less than 10% and 

reagents were low-cost and readily available. Pharmacokinetic parameters such as Cmax, Tmax, 

MRT, AUC, AUMC, Clearance, HVD and half-life were calculated in local population and its 

comparison with literature. In vivo bioequivalence studies was established after comparing 

optimized SR coated pellets with IR marketed formulation in fasted state and optimized SR 

coated pellets (F4) in fasted versus fed state.  The results revealed 90% confidence intervals 

(Cl) for AUClast and AUCtotal in optimized SR coated pellets with IR marketed formulation in 

fasted state. 90% confidence intervals (Cl) for Cmax, AUClast and AUCtotal of optimized SR 

coated pellets (F4) in fasted versus fed condition was within the range of bioequivalence within 

FDA acceptable limits i.e., 80-125% and Schirmann’s two one-sided t-test further validated 

the results. Findings of in-vitro drug release, in-vivo pharmacokinetics and bioequivalence 

studies significantly supported that optimized coated pellets of Loxoprofen sodium 

demonstrate potential use for extended-release drug delivery. 
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