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ABSTRACT 

Objective: The present research was undertaken to put emphasis on the development 

of galantamine HBr modified release pellets and to scrutinize the critical factors that 

can affect the quality and performance of the pellets prepared by the modified 

extrusion-pelletization technique and classical extrusion spheronization method. 

Materials and Methods: Modified release pellets of galantamine HBr (GH) were 

prepared using Compritol 888 ATO (COM) and ethyl cellulose (EC) as release 

retardants.  Avicel pH 101 was selected as an extruder aid. Before converting the wet 

extrudates in pellets, pregelatinized starch was sprinkled on the wet strands to 

improve the physical properties of the pellets and yield. Compatibility study was 

conducted between the drug and the excipients. Qualitative risk analysis was 

performed to identify the prospectively significant factors using failure mode effect 

analysis (FMEA). Central composite design (CCD) was adopted to locate the 

composition of formulation. The amounts of COM and EC were selected as 

independent variables. Cumulative % drug release at 2, 6, and 10 h were selected as 

dependent variables. The pellets were evaluated for size, shape, flow, % yield, % 

friability, drug content, in vitro drug release and drug release kinetic. Accelerated 

stability study was performed for the optimized batch. Influence of hydroalcoholic 

media was assessed employing the optimized formulation. 

Results and Discussion: FMEA revealed that the amount of COM and EC were the 

most critical formulation parameters. The results of FTIR and DSC revealed 

compatibility between the drug and the excipients. The spherical pellets exhibited 

good flow. The drug dissolution study of the batches, prepared according to the CCD, 

revealed modified drug release up to 12 h. Multiple regression analysis and analysis 

of variance were performed to identify statistically significant factors. Contour plots 

demonstrate the impact of the amount of Compritol and EC. Design Expert software 

was used to identify the optimized formulation. The dissolution data of the optimized 

batch were converted in predicted in-vivo profile. The predicted in vivo profile 

showed modified release up to 12 h.  



 

 

xii 
 

Conclusion: The amount of Compritol and EC were found to be statistically 

significant for the development of modified release pellets of galantamine HBr. 

Innovative finding of the present research is to explore the potential use of 

pregelatinized starch as a dry binder in the post extrusion step. Pellets with good 

quality and increased yield were obtained. Other dry binders such as PVP K 30 and L 

– HPC are also expected to work. 

KEYWORDS: Galantamine HBr, Compritol, ethyl cellulose pregelatinized starch, 

Modified extrusion spheronization method 

Graphical summary of the research work: 
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CHAPTER - 1 

INTRODUCTION 

1.1. Oral drug delivery system 

Oral drug delivery is one of the most convenient and suitable route for the delivery of most of 

the active pharmaceutical ingredients (APIs).  It is the most preferred route as it has lots of 

advantages as other routes. The oral route is widely accepted by patient as this route has the 

advantages like ease of administration, less toxicity, self-administration, convenient, economic 

etc. It has highest industrial applicability due to ease of manufacturing of oral solid or liquid 

dosage form, more patient compliance, ease of validation, cheapest process, well known 

dosage form, more compatibility. Especially oral solid dosage forms are more preferred and 

convenient in respect to industrial applicability and patient acceptance. Furthermore, numbers 

of limitations are also associated with the oral route and oral solid dosage form. The major 

limitation of conventional oral dosage form is fluctuation in plasma concentration of APIs 

which leads to undesirable therapeutic effect, might be death will occur due to high toxicity.  

The steady state plasma concentration of APIs or drug can be maintained by formulating 

controlled drug delivery system. (1). 

 



Introduction 
 

 

2 
 

1.2.  Controlled Release Drug Delivery system (CRDDS) 

The drug can be released in a controlled manner at a predefined rate by formulating the 

CRDDS. The CRDDS can be effective in both local as well as systemic delivery of drug. The 

drug is released in a continuous and predictable rate to maintain the steady state plasma 

concentration. Due to the less fluctuation in plasma concentration, maximum therapeutic 

effect will be obtained with minimum side effects and toxic effect. The CRDDS can be 

formulated by encapsulating the drug into the system which controls the release of drug to a 

particular site, varied from hours to months. The CRDDS offers lots of benefits over 

conventional dosage form like predefined release rate, reduces the frequency of dose 

administration, more industrial suitability, better therapeutic effect with less side effect and 

more patient compliance.(2) 

1.3. Advantages and Limitations of CRDDS (2) 

Clinical Advantages 

• Frequency of administration of drug is reduced 

• Increase patient compliance 

• Plasma concretion of drug remain constant 

• Less amount of drug will be required for therapeutic effect 

• Drug accumulation is less 

• Less local / systemic toxicity 

• More uniform drug concentration in body so better medical condition 

• Increase bioavailability of drug 

• Healthcare cost is reduced 

Commercial / Industrial Advantages (2)  

• Extension of product life cycle 

• Demonstration of innovative practice to the world 
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• Identification and differentiation of product 

• Higher profit due to high demand in the market 

• Add-in time for patent expiry 

Potential Limitations (2)  

• Onset of drug action is delayed  

• More chances of dose dumping due to some ingredient interaction with food or other 

beverages 

• First pass metabolism will be bypassed 

• More dependency on GI residence time 

• In some instances, accuracy of dose is questionable 

• Unit cost of product is high compared to conventional 

• Suitability of drug for SR is less in some cases 

1.4. Properties of drugs which make them unsuitable for CRDDS (2) 

Drug which show  

• Less absorption 

• Poor bioavailability 

• Short half-life 

• Fluctuation in plasma concentration 

• High toxicity due to narrow therapeutic range or window 

• Mechanism of absorption - Active absorption 

• Wide first pass effect 

1.5. Factors in the design of CRDDS  

The basic principle of a CRDDS is to improve the biopharmaceutical factors and PK – PD 

characteristics of an APIs which leads to maximize the utilization of drug for the treatment 
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without giving any side effect or toxic effect and disease should be cured within shortest time 

using minimum amount of drug, administered by foremost appropriate route(3). 

1.5.1. Biopharmaceutical Features of a Drug in the Design of CRDDS 

The enactment of a drug given as a CRDDS mainly relies on:   

• Release of drug from the dosage form 

• Movement of drug within the physique up to reaching its target 

The first one is to be governed by mainly on the designing of dosage form as well as the 

physicochemical belongings of the APIs while second one mainly depends on the PK – PD 

parameter of drug. To design the CRDDS, the second parameter is not in our hand but we can 

make it feasible by controlling the first one. In the first step, the rate liming step was drug 

release from the formulation and drug permeation from the bio-membrane. So, the API 

basically shown good absorption from bio-membrane, CRDDS was preferred and suitable.  

Molecular weight of the drug:  

Lower the relative molecular mass, quicker and whole the dissolution and then permeation 

through the membrane. The drugs which have maximum 150 Daltons for rounded particle and 

450 Daltons for linear particle can be passed through membrane by passive mechanism. The 

capability of molecule to pass through the bio-membrane is called as diffusivity and indirectly 

proportional to the molecular mass. The molecule which has maximum 600 Daltons can be 

absorbed via passive diffusion. Molecules which had high molecular mass, like peptides and 

proteins, are the poor candidates for the oral CRDDS. 

Solubility of the drug in water:  

The drug which has high solubility in water, specifically if dependent on pH of the media, 

serves suitable molecule to form CRDDS. A drug with smart liquid solubility, especially if 

pH-independent, serves as a good candidate for controlled-release dosage forms. e.g. 

Pentoxifylline. Minimum solubility required to form CRDDS is 0.1 mg/ml. APIs, which has 
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the pH dependent solubility and has non-aqueous solubility, are good candidates for 

formulating Parenteral CRDDS. Some drugs convert into precipitates, which act as a reservoir 

at that site and releases drugs in controlled manner. The pattern and way of drug release 

mainly relies of solubility of drug in media from the system. The bioavailability of slightly 

soluble drugs is mainly dependent on dissolution, so here dissolution rate is a critical factor for 

the formulation of CRDDS.  

Apparent Partition Coefficient/Lipophilicity of the APIs:  

The Lipophilicity of the molecules can be defined by its value of partition co-efficient. If it is 

high, lipophilicity is also high and leads to better absorption across the bio membrane. If the 

lipophilicity is very high, molecules can cross the BBB like barrier. Might be it is also 

affecting the solubility in aqueous media as it has a high lipophilicity. In such cases, the 

volume of distribution of this drug in body tissue is very high leads to better therapeutic effect. 

Even drugs can give their therapeutic effect in such tissues which has very less blood flow. 

The drug release from the system for such drug is again very crucial. 

Drug pKa and Ionisation at Physiological pH:  

The pH partition hypothesis explains the process of transport across the bio membrane of 

drugs which has more molecular weight than 100 Daltons. The active transport is mainly 

directed by the pKa of the drug, pH of active site and lipophilicity of drug. If the drugs are 

very week acid or base, they are unionized at each pH, leads to maximum absorption across 

the membrane.  The absorption of weak acid or base mainly depends on the pH of the 

physiological site. Maximum absorption of weak acid was obtained at acidic pH only and vice 

versa. The absoprption of the strong acidic or basic drug is very difficult as they are remained 

ionized at all body pH. 
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Figure 1. 1: Influence of pH and pKa on absorption 

Permeability of molecule:  

The three major drug characteristics that determine the permeability of drugs for passive 

transport across intestinal epithelium are –  

• Log P – lipophilicity of APIs – Already discussed above 

• Molecular weight of the APIs - Already discussed above 

•  Polarity of the molecule – depends on the H bond acceptor and donor of the drug 

molecule. 
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Drug Stability:  

APIs which are unstable in environment of GIT cannot be administered orally. The alternate 

route like transdermal or parenteral route will be preferred for more bioavailability. If the 

drugs are sensitive towards the stomach or acidic pH, they are directly targeted to intestine by 

using different approaches. If the drugs are not stable in intestinal pH, they are targeted to 

stomach by formulating GRDDS.  

Mechanism and Site of Absorption:  

If the site and mechanism of the absorption of a specific API is precise, it is the poor candidate 

to form CRDDS. Generally, Vitamin B12 has the absorption window at intestine only; they 

are poor candidate for CRDDS. 

1.5.2. Biopharmaceutic Features of Route of Administration:  

Oral route is the utmost favored as well as suitable route for the delivering of drug. Parenteral 

is also preferred as it has the maximum bioavailability. Sometimes, transdermal is also 

preferred to get local action of the drug or as an alternative to other route. Other routes of 

administration are less preferred due to complexity and less patient compliance.  

Oral Route:  

The first condition of this route is the, drug should be absorbed throughout the GIT. It should 

not be site specific and should not have the absorption window. The duration of action is 

mainly depends on the transit time, maximum duration of action may be expected up to 24 h 

only. The molecules which are unstable in GI conditions are poor candidate to form CRDDS. 

The solubility of the drug, if pH dependent, poor candidate to form CRDDS for oral. The 

maximum allowable dose is 1g for oral route of any drug. The drugs which show wide first 

pass metabolism are also poor applicants for oral delivery. 

Intramuscular/Subcutaneous Routes:  
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The route is preferred when there is a requirement of longer duration of action up to 1 year. 

The drug should be enough potent because 2ml or 2 g dose should be incorporated in the 

formulation. The pKa and lipophilicity of the drug, pH of the tissue fluid are important 

parameters which will decide the absorption of particular drug.  

Transdermal Route:  

The route is best alternative route for the oral and parenteral route as it has its unique 

characteristics. The drugs which show high first pass metabolism, instability in GI fluid are 

suitable candidate for this route. The dose of the drug should be less in this route. The 

important factors which affect the absorption are: Skin surface area, permeability of the skin, 

perfusion rate, pH of the skin, blood flow rate to the skin, pKa, lipophilicity and dose of the 

drug.  

1.5.3. PK parameters of the APIs 

Pharmacokinetic parameters of the drug are very crucial to determine the action and duration 

of the drug to the body. A detailed knowledge of absorption, distribution, metabolism and 

excretion is required to form CRDDS. Now-a-days, toxicity is also considered for the 

formulation of CRDDS.  

Ka – Rate of Absorption of drug:  

The absorption should be continuous and enough for CRDDS. Absorption or permeability 

should not be rate limiting step for the CRDDS. The rate liming step should be the drug 

release from the system as Kr must be very less than that of the Ka. The drugs which show 

poor absorption are poor candidate for CRDDS. The drugs which are soluble at physiological 

pH but not absorbed through bio membrane remain unabsorbed at the site are also poor 

candidate. Accumulation of drug inside the body leads to toxicity.  
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Ke - Elimination Half-Life of drug:  

The rate of absorption should be same as that of the rate of elimination, is a perfect contender 

for the formulation of CRDDS. The drugs which has very short half-life i.e. less than 2 h, high 

dose of the drug is required to maintain constant plasma concentration. They are not ideal 

candidate for CRDDS. Drugs which have half-life varied from 2 -4 h are ideal candidate for 

the formulation of CRDDS. The drugs which have very high half-life are of no use to form 

CRDDS. Generally if CRDDS is formed, the half-life is changed. In some instances the 

predicted half-life is less than that of actual half-life. The drug half-life is straight 

proportionate to the pharmacological response. The mean residence time of CRDDS resides 

very high compared to that of conventional dosage form.  

Metabolism rate of drug:  

The drugs should have its predefined metabolic pathway and rate of metabolism. The drugs 

which are broadly metabolized are good candidate for CRDDS but the rate of metabolism 

should be less for such drugs. The metabolic rate is chiefly reliant on the route of delivery. 

The drugs which are able to reduce or increase the metabolism rate are poor candidate for 

CRDDS as it is difficult to sustain steady state blood concentration of the molecule.  

DI - Dosage Form Index:  

The dosage form index should be near to one as it is the ratio of maximum Css to minimum 

Css. The very high value of DI indicates the fluctuation in plasma concentration. The objective 

behind to form CRDDS is to keep steady state plasma concentration of the drug.  

1.5.4. Pharmacodynamic Features of a API 

Drug Dose:  

The ideal dose should not be more than 1g. It is very difficult to administer the dose more than 

1 g. Also it is very complex to form the CRDDS if the dose of the drug is high. 
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Therapeutic Range:  

Therapeutic range of the drug should be wide enough as there should not be any effect of 

variation in drug release from the system. If the amount of molecule goes beyond the upper 

limit, it leads to toxic effect.  

TI - Therapeutic Index:  

The drugs which have the narrow therapeutic index are difficult to form CRDDS. Very 

accurate and precise management is required to form the CRDDS which never leads to 

variation in drug release. The therapeutic level is very close to the toxic level. If the release is 

slightly high, leads to toxicity. The drugs which has narrow therapeutic window and short half 

– life are administered twice in a day to maintain the Css. 

Relationship between PK –PD:  

The therapeutic consequence of the API should be dependent on the concentration of API. It 

should be proportional to each other.  If it is not, poor candidate for CRDDS 

1.6. Approaches of CRDDS 

The numbers of approaches are used to formulate the CRDDS. Mainly based on technical 

sophisticated methods are preferred over other methods as it has flexibility and variety to form 

CRDDS. They are categorized into three classes. 

A. Rate Programmed DDS 

B. Stimuli activated DDS 

C. Site targeted DDS 

Rate Programmed DDS: 
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These are the systems which has the predefined rate of drug release. They are mainly divided 

into three classes.  

• Dissolution controlled DDS 

• Diffusion controlled DDS 

• Diffusion and dissolution controlled DDS 

The classification of the rate programmed DDS is shown in the below Fig 1.2(4) 

 

Figure 1. 2: Classification of rate programmed DDS 

Dissolution controlled DDS: 
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The rate limiting step of this DDS is dissolution of the API which is mainly because of the less 

solubility of the API or its salt which is converted when comes in the contact with body fluid 

or slow dissolution of polymeric membrane or matrix. 

 

Figure 1. 3: Dissolution controlled DDS 

Diffusion controlled DDS: 

In this type of the DDS, the rate determining stage is not the dissolution of API but the 

diffusion from the system to body fluid. It may be in the matrix system of reservoir system. In 

the system, the API is embedded in the polymeric environment. Polymeric matrix may be 

swellable or non-swellawble relies on the characteristics of the excipient. The reservoir 

system, the API is coated by the polymeric membrane. The matrix and reservoir systems are 

shown in Fig. 1.4 and 1.5 respectively. 
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Figure 1. 4: Matrix system (a) Non-swellable matrix, (b) swellable matrix 

 

Figure 1. 5: Reservoir System 

Diffusion and dissolution controlled DDS: 

In such cases, drug is encapsulated as a core inside the partially soluble membrane which is 

made up of the two or three excipients. Here, the rate limiting step is both i.e. dissolution of 

API inside a system as well as passage out of dissolved API from a system. The system is 

represented in the Fig. 1.6. 
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Figure 1. 6: Diffusion and dissolution controlled drug delivery system 

Drug - Ion interchange resin complex: 

The numerous molecules are ionic by their nature. They are mixed with opposite charged ion 

exchange resin to make complex. Exchanger should be non-toxic. The amount of complexing 

agent and nature of complexing agent decides the release pattern of the drug form the 

complex.  

pH independent formulation: 

The pH of the body fluid is a crucial factor in the drug solubility and dissolution. This system 

is designed to overcome the limitation of pH reliant dissolution. This can be overcome by 

adding the buffering agent in the formulation which gives resistant effect towards the pH of 

dissolution medium as well as gives drug release throughout the GIT. 

Osmotic pressure Controlled DDS: 

Unlike the diffusion, Osmosis is the principle for this system. Osmotic pressure is generated 

inside the formulation by adding osmotic agent. The constant zero order will be obtained by 

formulating osmotic DDS. OROS is the example of such a system. The API is mixed with the 

osmogent and enclosed in the semipermeable membrane which controls the flow rate of 
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incoming water. As the water comes inside, solubilize the osmogent, create osmotic pressure 

and releases the API from the aperture. The osmotic DDS is shown in Fig. 1.7. 

 

Figure 1. 7: Osmotic drug delivery system 

Altered density system: 

The residence time of the GIT is a vital variable for duration of action of the API. It will be 

altered by changing the density of the system. Low density approach and high density 

approach are used. In low density methodology, the density of formulation is reduced by 

preparing hollow core in the formulation or by adding the swellable excipient in the 

formulation. In the high density approach, heavy metal beads are incorporated to make it 

dense. There may be toxicity due to the use of heavy metal inside the formulation (3, 4). 

Mucoadhesive system: 

The formulation incorporates the bio adhesive polymer which adheres to the bio membrane 

and release the drug for longer duration of action and at specific site (3, 4). 

1.7. Pellets as multiparticulate dosage form 

In early 1950, the notion of multiple units as new realm has been proposed. They can be 

understood as the oral dosage forms having small multiple units in one unit. They may have 

same or different characteristics depending on the purpose for which they have been designed. 
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Overall they are being used for modifying and altering the release of drug.(5) The multiple 

units explained above are designated as pellets, spherical granules or spheroids. Pelletisation is 

defined as a technique of cluster of fine particles of APIs and other material that carries out the 

transformation of uneven, tiny and fine particles of drug as well as other excipients into 

uniform shape and sized easy flowing, round or semi-round units that are called as pellets.  

Pelletization process comprises several unit operations. The size of the pellets varied between   

500 to 2000µm, still there is possibility of formulating different size, but it relatively depends 

upon the technique or method that have been applied and for what purpose it is. Pellets are 

being formulated as novel DDS that releases the drug at a predefined rate has just established 

substantial consideration.  

Just like other multiparticulate systems (MUPs), various mini-tablets can also be packed in to 

hard gelatin or HPMC capsules or can be compressed in to the tablets. After disintegration 

these sub-units are released depending on different mechanisms as multiple dosage forms. 

There is an issue of high production cost for incorporation in the capsules so the concern of 

the formulators is being increasing for the development of multiple unit dosage forms 

incorporated into tablets. MUPs offer various benefits above single unit system. The 

formulation of multi particulate DDS can be modified to show altered way of activity, 

providing more effect, and also helps in reducing the dose of API and minimum side effects. 

Yet it is expensive than  the single dose therapies for short  term,  but  reduces  dosing 

frequency in long term therapy. (6)(7) 

1.8. Advantages of multiparticulate drug delivery system  

• Local concentration of bioactive agent is high 

• Reduction in variation in GI residence time 

• Dose dumping is avoided 

• Proper distribution in GIT leads to predicted drug release and absorption 

• Less inter and intra unpredictability in molecule absorption through GIT 

• Less fluctuation is observed in plasma concentration 
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• Less side effect or toxic effects, maximum bioavailability 

• Improved distribution and avoid local irritation. 

• Good flow properties. 

• Uniform pellet size and shape  

• Friability is reduced. 

• Improved stability, patient comfort and compliance. 

• Helps to modify the release pattern. (8)(9) 

1.9. Pellets and pelletization techniques 

Pellet has been accustomed describe a spread of consistently made, geometrically outlined 

agglomerate obtained from numerous beginning materials utilizing completely different 

process conditions. They contain multiples of  free-flowing,  round  or  semi round solid units 

which are smaller in size varies from 0.5 to 1.5 mm. Basically, they are proposed for  oral  

route only. Different manufacturing process can be used for the production of pellets, but these 

criteria needs to be fulfilled: 

• Should have uniform spherical pellets with smooth surface 

• Particle size should be 500 - 2000µm 

• The dose of the drug should not be too high 

• Pellets due to their ideal characteristics have made their role vital in industry.  And   it  

is  due  to their  freely-flowing  characteristics of  Pellets that they can  be easily 

packed   and  hence flexibility  can be achieved for  the  plan and formulation of a 

dosage form which has the same weight. It is a good candidate for coating as it has 

smooth uniform surface and less surface area. (10) The drugs which are incompatible 

with each other can be formulated easily in this dosage form. (10) Different release 

pattern and or at different site is possible by making different pellets of different drugs 

and filled into same capsule.(10–12)  

1.10. Product Characteristics of the Pellets 
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• Good sphericity  

• Good flow behaviour  

• Accuracy of dose is increased 

• Good dispensability and compressibility 

• Dense assembly 

• High bulk density and dense surface. 

• Low friability 

• Narrow size distribution 

1.11. Factors affecting pellet properties 

1.11.1. Drug substance and excipient factors 

Morphological properties of the pellets: 

Particle size is the most significant factor affecting the properties of pellets. If the particles are 

too fine then they leave will pellet surface easily leading to friability problem. Fines also cause 

pellets to be hard affecting release profile or disintegration. If particle size distribution of raw 

material is uniform it provides good mechanical strength. (13) 

Solubility: 

Solubility of drug substance in pellets affects its properties such as disintegration time, 

alteration in moisture content as well as friability.(14) 

1.11.2.  Formulation factors 

Water content: 

The amount of water in formulation determines hardness, mechanical strength, as well as 

surface characteristics of pellets.(15) 

 Excipient concentration:  
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Excipient having variable physical and chemical characteristics affects final property of the 

product too. For example hygroscopic excipients if used in-excessive concentration decreases 

pellet hardness.(16) 

1.11.3.  Technique dependent factors 

Type of extrusion process:  

Pellet property depends on what type of process it is prepared from such as hot melt extrusion, 

cold extrusion, and agglomeration.(17)(18) 

Extruder speed:  

The operating speed of extruder is the parameter which determines size, shape, and strength of 

formed pellets. Extrusion screen size; the screen size of extruder is key factor determining size 

and shape of pellets formed.(19) 

 

FIGURE 1. 8: Instrumentation of Extruder 

1.12. Pelletisation techniques 

• Pelletisation by extrusion spheronisation 
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• Compression 

• Cryopelletization 

• Drug layering 

• Globulation 

• Freeze Pelletisation 

• Balling (20)  

1.13. Methods of preparation of pellets 

There are number of techniques available for manufacturing of pellets. Out of these all 

methods, drug layering and compaction are preferred over other technique. Especially in the 

compaction methodologies, extrusion – spheronization has extensively accepted technique for 

the formulation of pellets. Again it is divided into two sub type: Hot melt extrusion and cold 

extrusion. Cold extrusion is preferred as it has simple functionality, high suitability with drug 

and excipient, less labor. The other methods are also available for pelletization like 

Globulization, balling and compression but not preferred due to complexity of method. Here, 

it is provided with diagrammatic representation of pelletization stages along with principles 

involved. 
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FIGURE 1. 9: Scheme of pelletization stages in extrusion and spheronization 

1.14. Extrusion-spheronization 

Extrusion: The wet mass of drug and excipient is compacted in such a way that its volume is 

reduced and density is increase by removing the entrapped air in the mass and converts into 

cylindrical shape i.e. extrudes by passing through the sieve, screen or die. 

Spheronisation: The extrudes were broken down into small rods and then converted into 

spherical particle by applying friction through friction plate which was rotated to high speed. 

(20) 

Process of extrusion and spheronisation:  

Extrusion spheronisation involves main five steps: 

• Blending of dry powder of drug and excipient 
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• Addition of granulating liquid to prepare dough mass 

• Formation of plastic mass from the dough mass 

• Formation of extrudates using extrusion from the die or sieve 

• Spheronization - conversion of extrudes into spheres or pellets using cross hatch plate 

• Dry the pellets to control the moisture content. 

• Sieving  - to get desired size pellets (5)  

Types of extruders:  

Extruders are mainly categorised on the basis of the mechanism by which the material is 

conveyed from the inlet to outlet and also on the device which are used to pass the material to 

form cylindrical uniform extrudes. Generally, types of extruders are roll and ram extruder, 

screw extruder, sieve and basket extruder. 

The spheronizers are designed mainly on the friction plate on which extrudes are converted 

into spheres by applying friction force. Various types of friction plates are available like: cross 

hatch plate, radial plate. 

Currently, the instruments are coming up with extruder and spheronizer in a single platform. 

The instruments are very compact, required less step and energy, less time, less labour and 

also resolved number of other limitation of multi-step extrusion and spheronisation process. 

(20)  
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TABLE 1. 1: Type of extruders (21) 
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FIGURE 1. 10: Screw extruder diagram; (A) axial (B) radial (21) 

 

FIGURE 1. 11: Diagram of (A) sieve extrusion instrument, (B) basket extrusion instrument. 
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FIGURE 1. 12: Pellet mill with (A) internal roller, (B) roller external to die, (C) roller on flat die plate [21] 

 

FIGURE 1. 13: Ram extruder 
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FIGURE 1. 14: Diagram of spheronization instrument 

 

FIGURE 1. 15: Diagram of different spheronization plate (A) cross-hatch friction plate (B) Friction plate’s 

dimensions in mm (C) Side view of the friction plate 
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1.15. Different spheronization aids 

The properties of the extruder aid are important for the formulation of moistened mass and 

pellets. Each excipient has not the property to make the perfect wet mass which can be 

converted into extrudes and finally forms to pellets. Due to this limitation, the less number of 

excipients are suitable for the manufacturing of pellets. The ideal characteristics of moisten 

mass are: 

• The wet mass should remain homogenous throughout extrusion process 

• The wet mass should kept solvent around it so it gives fluidity, enough flow and 

lubricating effect to the particles(22)  

• The extrudes remain plastic in nature so maintain the shape of extrudes 

• The solvent of the wet mass should act as a lubricant during the spheronization step 

The different extruder aids that can be utilized for extrusion are as follows: 

Microcrystalline cellulose (MCC): 

MCC is the foremost choice to formulate pellets as it has all the properties which were 

discussed above. It is called as “gold standard” for the formulation of pellets using cold 

extrusion spheronization process. 

Advantages: 

• Better water holding capacity gives a perfect wet mass which gives better lubricant and 

binding effect, facilitate extrusion, maintain the shape of extrudes and controlled 

spheronization 

• Avoid the separation of wet mass throughout the process step by regulating the 

movement of solvent 

• Should give high yield of the pellets with good morphological and mechanical property 

• Available in different grades  

• Can keep wide range of water level, so provide better quality of the pellet by 

controlling process parameters 
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• Compatible with variety of ingredients 

• Easily available, economic, non-toxic 

Recently, no other excipients replace the MCC for the formulation of desired quality pellets 

through extrusion- spheronization method.  

Though, MCC formulations have some disadvantages: 

• The disintegration time of the MCC pellets is slightly high as immediate release (IR) 

dosage form so it leads to delay in drug release which is overcome by the adding 

disintegrant in the formulation, so difficult to formulate IR pellet using MCC. 

• The MCC has the adsorbent like property. The MCC adsorb some drug to their 

surfaced leads to delayed or incomplete drug release. Eg. ranitidine 

Henceforth, the thrust area for the research is to find the alternative of MCC for the 

manufacturing of pellets using extrusion method. But because of some unique advantages 

associated with the MCC, no one can substitute MCC. Some alternatives like PGS, 

carrageenan, pectinic acid were proposed as substitute. However, each and every alternative 

has its own limitation to form the uniform spherical consistent pellets. So, No other excipient 

substitutes the MCC. In this research, in the preliminary study, we have also focused to 

scrutinize good extruder aid to form pellets with desired characteristics. 

Powdered cellulose: 

The powdered cellulose is also obtained from the similar reagent as MCC. The acidic 

hydrolysis is not performed in the manufacturing of it in compared to MCC. The 

characteristics of powdered cellulose are: 

• Contains separate crystalline and amorphous portion 

• No need to add binder in granulating liquid 

• Non-spherical and porous pellets will be obtained 

• More porous structure leads to immediate dissolution 

• Generally not much more advantages over MCC 
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Starch (derivatives): 

Properties 

• Non-spherical pellets obtained 

• New amylose starch can be a potential candidate 

• Insoluble in cold water, yields dispersion of starch in water  

• Good pellets can be formed but addition of low density binding agent is required 

• Lead to immediate release of poorly soluble drugs 

• Can be easily coated 

• Through a partial pregelatinization process, the link amongst the two parts of polymers 

is fragmented, giving Starch 1500® by means of an operative functional stability and 

extraordinary belongings.(23)(24) 

• Starch 1500® partially pregelatinized maize starch outcomes in fractional 

solubilization, enlarged unit size.  

• Better flow and compression property 

• Act as a multifunctional excipient 

• Protect the moisture sensitive drugs from degradation 

• Widely accepted in tablet and capsule 

• Good carrier for low dose APIs 

• Solubility is pH independent 

• Inert, non-toxic, free flowing, excellent choice for dry process 

Chitosan: 

Properties 

• Cationic in nature. 

• Solubility in water is highly pH dependent 

• Soluble in acidic condition and insoluble in basic condition media 
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K- carrageenan: 

Properties 

• Faster drug release. 

• Good for poorly soluble drugs. 

• Diffusion controlled drug release. 

Pectinic acid: 

Properties 

• Water soluble and gel forming polymer 

• Shows swelling with water. 

• Cross linking with calcium lead to decrease in swelling 

• Not universally accepted. 

Hydroxypropylmethyl cellulose (HPMC) and hydroxy ethyl cellulose (HEC):  

Properties 

• Water soluble polymers. 

• HPMC swell in water while HEC remains intact and erode slowly. 

• Used for sustained release. 

Polyethylene oxide (PEO): 

Properties 

• They are high molecular weight substances. 

• Soluble polymers for the immediate release drug release. 

• Not for high drug loading. 

Processing parameters like feeder and extrusion rate, spheronization speed spheronization time 

affect the pellet characteristics.  
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Cross linked polyvinyl pyrolidone (PVP): 

Properties 

• Synthetic in nature 

•  Aqueous insoluble polymer. 

• Act as disintegrant. 

• Exist in two grades: fine and coarse 

• Coarse grade can’t be used for pellet.  

• Has less cohesiveness and mechanical strength. 

• Less information is available regarding inclusion of drugs, dissolution profile, and       

mechanical properties. 

• Lower friability. 

Glyceryl monostearate (GMS): 

Properties 

• High amount of GMS is required and in turn high amount of water is required but 

require less water than MCC. 

• Hence drying time is reduced as compared to MCC. 

• High water content increase the pellet size, hence not a good option. 

1.16. Quality by Design Approach 

Pharmaceutical product or process development mainly involves different ancient and 

scientific approaches. It mainly depends on the testing of product or process performance. It 

leads to more viability in product during manufacturing. Even it leads to poor utilization of 

resources and thus more financial problems occurred. Quality of the product was tested at the 

end of product manufacturing by different end product evaluation. So, it is called Quality by 

Testing – QbT (25). 
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The main principle of QbD is, quality cannot be added at the end of production, it is built 

inside the product during the controlled development of product or method. Quality assures 

the better therapeutic effect with more safety and efficacy with less side or toxic effect. It also 

utilizes all the resources on the optimum level leads to growth of an organization. Quality 

gives better satisfaction to customers. Quality gives the better impression to the industry and 

makes them world class from a small level. Client weights the excellence in quality, 

dependableness, less price and well-timed performance. Client satisfaction is often achieved 

by 2 ways in which that is options and no deficits in merchandise. Quality gives the robust 

product, ease of use, flexibility, minimum or no deficits with best outcome. Excellence in 

product leads to more price control, better time management and increases output. Quality 

approach can identify the loopholes of the product development. QbD approach mainly 

focuses on the preventive actions rather than the corrective actions. Therefore, the standards 

are built up inside the merchandise or the methods which leads to successful formulation with 

desired output. Ultimately, systemic and scientific approach is preferred to develop a product 

or technique. 

The scientist, Joseph Moses came up with the idea of QbD. Joseph believed that; the scientist 

has to plan to develop the excellence inside the product or process from first to last stage. 

Planning is an important tool in QbD. If planning is improper, lead to failure of product.  

Joseph advised the people to employ the QbD for the development of any kind of process or 

merchandise. Especially, in Pharmaceutical field, number of potent medicaments are used 

which leads to toxicity or side effects, the QbD approach is helpful. The lots of money has 

been invested for the development of successful product which yield better therapeutic effect 

with less side effect as well as gives reproducible effect. In Pharmaceutical field, numerous 

emphases were given on the quality of the product. To build the excellence in the product, 

QbD is advantageous over QbT. The unit process of any formulation consists of number of 

unit operations. In each unit operation, enormous variables are affecting the product 

simultaneously leads to failure of product. The critical factors are identified by applying 

quality risk management. Furthermore, exercise is done to control the variable. The design 

space for the optimized conditions is explored which leads to better product with less chance 

of failure. So, the final product is developed with consistent quality, gives better therapeutic 
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effect with more safety and efficacy ultimately helps industry to get fame and name as well as 

financial stability (25). 

Advantages of Quality by Design approach: 

• Systemic and scientific approach 

• Safety and efficacy are the integral part of QbD 

• Development of pharmaceutical process based on logical manner 

• Designing of product  

• Qualitative and quantitative risk based approach are used 

• QTPP has been decided first 

• By considering QTPP, CQAs were defined with its justification 

• Development of robust, accurate and precise method 

• It is a regulatory need for the product development 

• Lots of business profits by employing QbD 

• Reduces errors and avoid cost of post approval changes (26) 

ICH guideline and QbD:  

The fundamental ideologies of QbD are scientific and systematic product development. Also, 

risk analysis, lifecycle approach and development of technique are briefed in all ICH 

guidelines i.e. ICH Q8 Pharmaceutical Development, ICHQ9 Quality Risk Management, and 

ICH Q10 Pharmaceutical Quality System. 

1.17. Elements of QbD 

Different elements of pharmaceutical development comprise, 

• Outline the QTPP 

• Scrutinization of CQAs  

• Identification of CMAs and CPPs using qualitative and quantitative methods 

• Optimization of process or product using DoE 
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• Identification of design space  

• Implementation of control strategies 

• Uninterrupted up gradation 

 

FIGURE 1. 16: Elements of QbD 

QTPP - Quality target product profile: 

The QTPP in a very simple ways defines as goal to achieve for a specific product or process. 

Food and drug administration outlines it as the superiority outcomes associated to safety and 

efficacy of the process or product. It might be contain dosage form, dose, delivery route, APIs 

criteria, PK parameters of drug. For oral solid dosage form, route of administration should be 

oral, dosage form should be any solid dosage form,  dosage strength should be same as that of 

the marketed form and APIs criteria should be same as that of the standard API specification 

(27, 28). Therefore, a generic product is anticipated to own similar QTPP to that of innovator 

product.(29) 
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CQA - Critical quality attributes:  

The next step is to identify the CQAs relevant to the QTPP of the product. The chemical, 

biological or microbiological variable that should affect the quality of the product are called as 

CQAs. The CQAs are the subdivision of the QTPP which are significantly affected by the 

different variables (30, 31). QTPP are the outlines of the quality definition while the CQAs are 

the interior quality criteria.  CQAs are framed by the thorough knowledge of the process or 

product or extensive literature search. Quality risk management is applied to identify the 

CQAs (29). 

QRM - Quality risk management: 

QRM is defined as organized technique for the evaluation, regulate, communication and 

appraisal of risks to the excellence of the API product throughout the merchandise lifespan. 

The objective behind it, is so to recognize hazards inside a method or event, examining the 

consequence of these hazards, and proceed suitable actions to alleviate such hazards if 

considered undesirable (29, 32). 

1.18. Regulatory parts of QbD - FDA perception 

In 2005 USFDA requested collaborating companies to submit chemistry producing 

management (CMC) data representative submission of QbD as a share of NDA. It includes 

detailed thoughtful of method; the aim is cleared prior before the beginning of technique. 

Strategy house as well as actual time unharnesses risk evaluation square measure alternative 

variables for employment of QbD. ICH Q8, Q9 and Q10 guidelines provides rigorous 

necessities concerning excellence of merchandise. FDA also statuses the reputation of 

excellence of therapeutic merchandises by incorporating Process Analytical Technology 

(PAT) which is an outline for advanced development of product (33). 

QbD eventually assistances to execute Q8 and Q9 guidelines. FDA’s view of QbD is ‘‘QbD is 

a organized approach to merchandise and method design and development’’. This thought was 
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putative by FDA in 2004 and comprehensive explanation was given in ‘pharmaceutical 

cGMPs for 21st century – a risk based approach’.(25) 

In brief, 

• Developing the standard methods leads to assurance of excellence in product and better 

therapeutic effect 

• Identification of significant factors which affect the quality of the product and its 

performance 

• Correlation of variables to the responses to be measured  

• Interrelated controlling strategies as well as actions are adapted to house the actual 

time technical information  

• Consistent quality should be maintained(25) 

1.19. Alzheimer Disease 

Alzheimer’s disease (AD) is a neurodegenerative disease as well as foremost origin of 

dementia. The most common syndroms of the dementia are the memory loss, problem with 

some basic physical activities, language problem and also other problems. These are mainly 

due to the damage occurred in the neurons of the brain which control the basic cognitive 

functions. Might be in other part of the brain or neurons are also damaged which leads to 

problem in eating, swallowing, walking and other basic routine work. In the last stage of AD, 

the person required utmost personal care as the person is totally bed-ridden. (34)  

1.19.1. Symptoms of AD 

Generally AD has mainly three stages: 

A. Mild or early phase 

B. Moderate phase 

C. Severe or last phase 
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The symptoms of AD in each and every stage are different as per the patient condition. It is 

also differ from person to person. Even numbers of person are also suffering from other 

diseases with AD. The general list of symptoms is as follows: 

• Injury in the neurons of the brain 

• Not capable to perform their task independently 

• Facing problem in daily or routine functions 

• Problem in driving of vehicles in early stage 

• Problems in walking, eating, reading, swallowing and other physical works 

• Memory loss 

• Problem in communication 

• Facing problems in dressing, travelling and other activities too. 

• Change in behaviour, feeling nervousness 

• Bed ridden in the last stage, required utmost care 

• Skin infection, blood clotting and organ paralysis (34). 

1.19.2. Signs of AD 

• Memory loss that disturbs routine life 

• Challenges in designing or unravelling difficulties 

• Worry in execution of familiar works  

• Misperception with time or place 

• Trouble in identification of images and special relations 

• Facing difficulties in talking or lettering 

• Overlooking belongings and trailing the skill to review steps 

• Misplacing stuffs and misplaying the skill to review steps 

• Reduced or deprived conclusion 

• Extraction from communal events(34) 

1.19.3. Diagnosis of AD 
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There is not a single task to identify or diagnose the AD. The group of physicians like 

neurologist and geriatrician utilizes the different approaches to find the AD from its following 

activities: 

• Patient history, if any medical history or psychiatrical history or history related with 

change of routine activities 

• Asking family person or friend to gather the history of change in behaviour or 

psychology 

• Supervise under the psychological test or other pathological examinations 

• Perform brain imagining analysis to identify the neuron damage 

• Beta- amyloid level also from the brain imagining analysis or any other specific 

method 

Diagnosis of the AD is not a simple task as person is continuously not supporting to the 

physician. The person to person feedback related to the patient is different. It may require 

many week to month to identify that weather the person is suffering from the AD or not. Even 

interpretation of medical test or psychological test is also critical (34). 

1.19.4. Characteristics of AD 

• Most frequent reason of dementia; approximately 60 to 80 % of cases. Autopsy 

identifications display that around 50% of the persons include exclusively AD pathology; 

several of the residual person has proof of supplementary pathologic deviations linked to 

another dementias. This is named as mixed pathology. 

• Problem in memorizing earliest chats, words or task is frequent a preliminary signs of 

dementia.  Depression is also a primary symptom. Afterwards, other signs of dementia are 

weakened communication, confusion, mix-up, poor decision, social changes and, 

ultimately, trouble in talking, eating and walking.  

• Revised tips for identification AD were planned and revealed in 2011. They counsel that 

AD’s be thought-about a slowly progressive nervous disorder that begins well before 

clinical sign evolve.  
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• The symbol pathologies of AD are the continuously increase in the beta amyloid in the 

brain. It may be inside or outside the neuron depends upon the severity. It leads to 

breakage to the messenger system which leads to each and every functions of the body 

which are controlled by brain and its systems. (34) 

1.19.5. Pathophysiology of AD 

Pathophysiology of the AD is not clear in the recent time. It was very complex and quite 

difficult to understand. Many researchers come forward and put their hypothesis. Numbers of 

hypothesis were accepted because they have developed mainly on the causative factors. 

Amongst these all hypothesis like  cholinergic, Ab, tau and inflammation hypothesis, are well 

accepted (35). The pathology of AD is shown in Fig. 1. 17. 

 

FIGURE 1. 17: Pathophysiology of Alzheimer’s disease 
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1.19.6. Treatment of AD 

The recent medication available for AD, are not able to stop the sign or even cure the AD. 

They are just used to reduce the severity of symptoms for a short period of time. So, thrust 

area for research to identify the perfect and precise treatment for the cure of AD. 

Types of drugs: 

The USFDA has permitted mainly two categories of medicines for the management of AD. 

A. Cholinesterase inhibitors – Donepezil, Galantamine HBr (GH) 

B. Mementine 

They might be used alone or in combination with one another depends on the condition of the 

person and stage of the Alzheimer disease.   

In the AD, damage of the brain neurons continuously increases leading to worsen condition of 

the cognitive functions. As earlier discussed, not a single medicine is avalible to stop the 

damage of neurons. They will help to diminish the level of some damage by altering the level 

of some chemicals which are involved in cognitive functions. Physicians are always 

prescribing the medicine in combination to control the situation.  

Cholinesterase inhibitors are only permitted to treat the early treatment and even for 

moderated Alzheimer. Again they are not completely giving relief from the signs of disease 

but reduce up to some level. They are used in the symptoms like problems of thinking process, 

behavioral changes, confused behavior and remembering of task or activities.  

Cholinesterase inhibitors are worked mainly on the principle of reduces the breakdown of 

acetylcholine. Acetylcholine is an important hormone for the messenger system. Three 

cholinesterase inhibitors are usually prescribed: 

• Donepezil (Aricept)  

• Rivastigmine (Exelon)  

• Galantamine (Razadyne)  
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Additionally, a 2nd medicine named Memantine is also official by the FDA for handling of 

modest to severe AD. It controls the action of glutamate, a compound tangled in data dealing 

out, storing and recovery. Mementine enhances the capabilities to do daily work, enhances the 

mental ability. The side effects associated with this drug are pain in the body, misperception, 

faintness.  

 

FIGURE 1. 18: Treatment of Alzheimer disease 

1.20. Drug Profile (36–38): 

Proper name: galantamine hydrobromide 

Chemical name: (4aS,6R,8aS)-4a,5,9,10,11,12-hexahydro-3-methoxy-11- methyl-6H-

benzofuro[3a,3,2-ef][2]benzazepin-6-ol hydrobromide 
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(or)  

6H-Benzofuro[3a,3,2-ef][2]benzazepin-6ol,4a,5,910,11,12- hexahydro-3-methoxy-11-methyl-

,hydrobromide,(4aS,6R,8aS)- 

Molecular formula and molecular mass: C17H21NO3.HBr, 368.27 g/mol 

Structural formula: 

 

FIGURE 1. 19: Structure of GH 

Physicochemical properties:  

• White crystalline powder 

• Slightly aqueous solubility 

• Basically insoluble in Et-ol 

• Soluble in 0.1 N NaOH 

Physical Description: Solid 

pH: 4 to 5.5  

Melting Point: 269-270 °C 

Solubility: Water Solubility: Aproximately10 mg/mL (HBr salt) 
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It is impartially soluble in hot water; easily soluble in alcohol, acetone, and chloroform. It is 

less soluble in benzene, ether. 

LogP: 1.8 

pKa: 7.97 

BCS Class: Class I Drug 

Mechanism of action of GH: 

The mechanism of GH is not identified totally. Might be GH act as reversible and competitive 

inhibitors of acetylcholinestrase. Ultimately, it leads to reduce the breakdown of acetylcholine 

hormone. It is mainly involved in the messenger system of the body. If it increases in the 

body, might be cognitive dysfunction will not be there. It improves the all cholinergic 

functions of the body. If this principle is correct, GH’s result may diminish as the syndrome 

course spreads as well as less cholinergic neurons persistent functionally important. There is 

no proof that GH changes the progression of the fundamental dementing route. 

PK characteristics of GH: 

Absorption – absorbed throughout the GIT 

Oral bioavailability – 90% 

Elimination half –life – 7h 

Dose – 8 to 32 mg/ day 

Tmax – 1- 2 h 

Cmax – 40-50 ng/ml 

Vd – 175 l 

Plasma protein binding – 18% 
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Metabolism – by cytochrome P450 enzymes (CYP2D6 and CYP3A4) 

Renal clearance - 65ml/min and 20-25% of the total plasma clearance of about 300ml/min. 

1.21. Excipient profiles 

1.21.1. Microcrystalline cellulose 

• Non-proprietary Names 

BP:  Microcrystalline cellulose;  

JP:  Microcrystalline cellulose;   

PhEur:  Cellulous microcrystalline;  

USPNF: Microcrystalline cellulose. 

• Synonyms: 

Avicel  PH,  Celex,  cellulose  gel,  Celphere,  Ceolus  KG,  crystalline  cellulose  E460, 

Emcocel, Ethispheres, Fibrocel, Pharmacel, Tabulose, Vivapur. 

• Chemical Name and CAS Registry No.: Cellulose and 9004-34-6 

• Empirical Formula and Molecular Weight: (C6H10O5) n ≈36 000 where n = 220 

• Structure: 

 

FIGURE 1. 20: Structure of MCC 
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Functional Category: 

• Used as absorbent 

• Used as suspending agent in suspension 

• Diluent in solid dosage form 

• Disintegrating agent in tablet 

Applications: 

• Explored as multifunctional ingredient in solid oral dosage form 

• Used as binder or disintegrant 

• Used as an extruder aid in the formulation of pellets 

• Employed in both wet granulation as well as direct compression 

• Act as an adsorbent for some drugs 

• Used as carrier in the formulation of liquisolid compact technique 

• Also used in food and cosmetic industries 

Description: 

• MCC is purified, partially depolymerised cellulose 

• Whitish in colour 

• It has no taste or no odour 

• Porous in nature 

•  Available in varied particle size and moisture content 

Stability and Storage Conditions: 

• Stable but hygroscopic 

• Kept in well closed container 

• Keep away from hot and moist place 

Table 1. 2: Use of MCC 

Depends on Concentration used Percentages 
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Adsorbent 20-90 

Anti- adherent 5-20 

Capsule binder/ diluents 20-90 

Tablet disintegrant 5-15 

Tablet binder/ diluents 20-90 

Compatibilities: 

• Incompatible with strong oxidizing agents 

Regulatory Status: 

GRAS listed permitted for use as a food additive in Europe. Included in the FDA IIG oral 

dosage form and also involved in non-parenteral medicines licensed in the UK. It is involved 

in the Canadian List of Acceptable Non-medicinal ingredients. 

1.21.2. Compritol 888 ATO: 

Chemical name: Glyceryl dibehenate EP/NF, Glyceryl behenate Ch.P 

Trade name: COMPRITOL 888 ATO / COM 888 ATO CG 

Handling: 

• No additional conditions are required 

• Non-inflammable but keep away from explosion or explosive material 

• Non-toxic 

• Economic 

• Highly compatible with number of excipients and drugs 

Storage: 

• No additional or some special storage required. 

Form: Powder 
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Colour: Whitish 

Odour: Weak, characteristic 

Boiling point/Boiling range: > 250,0 °C 

• Vary fine white coloured powder of uniform size and shape, 50µm particle size 

• Lipid material used as controlled release polymer in oral solid dosage form 

• Used as lubricant in different dosage form 

• Can be coated on solid units to control the release of drug 

• Highly compatible 

• Inactive, non-toxic and safe 

• Used as surface active agent, emulsifier and viscosity providing agents in cosmetics 

Formulation techniques and dosage forms 

• Formulation of SR, ER and CR matrix system 

• Used in hot melt extrusion to form pellets 

• Used as lubricant in tablet or capsule 

In nutshell,  

Multiparticulate drug delivery systems comprise different dosage forms like granules, pellets, 

minitablets, etc. These can be broadly defined as solid oral dosage system consisting of 

discrete multiple units which can be filled in capsule or compressed to form tablets or 

formulated as oral suspension(1,2). Multiparticulate nature of pellets offer some vital 

pharmacological, as well as technical advantages above classical single-unit solid dosage 

forms, including more stable plasma profiles, little risk of local side effects and dose dumping, 

improved bioavailability, good flow properties, and easy coating (41). 

Pelletization is an agglomeration technique that interprets fine powders or granules of bulk 

medicine and other ingredients into little, free-flowing, round or semiround units, denoted to 

as pellets. The size of the pellet varied from 500 to 1500 µm (21). Various methods can be 
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used to formulate pellets (42). Between numerous techniques, cold extrusion is the most 

frequently and efficiently used techniques (43). Extrusion-spheronization has been highly 

explored but not much accepted by industry due to its complication as a multi-stage process 

and requires some special instruments like extruder spheronizer, extruder die and friction plate 

in spheronizer. Due to these all problems alternate Pelletization method is required (39). 

AD is a common form of neurodegenerative disorder and the 6th foremost reason of passing 

away in the old people (44). AD is the main reason of dementia and one of the biggest health-

care challenges of the 21st century (45, 46). Globally, India houses the second most number of 

persons travail from dementia with an probable 4.1 million people suffering from it as per the 

‘Dementia India’ report published by the Alzheimer’s and Related Disorders Society of India. 

This is expected to double by 2035.(47) 

Gingko biloba, Acetylcholinesterase inhibitors, methylphenidate and a diversity of non-

pharmacological interventions were found to be fruitful in reducing apathy in patients with 

AD. Presently, GH is the latest one suggested and official by FDA to improve the cognitive 

functions, and subsequently to treat the Alzheimer’s patients(48). So, modified release 

pharmaceutical formulations of GH are urgently needed to improve its efficacy. (49, 50) 

GH is a FDA approved drug for the treatment of AD. It act a selective and reversible 

acetylcholinestrase inhibitor. No one drug is able to stop the symptoms of AD but give 

relaxation in the symptoms of AD. Controlled medication with less side effect and maximum 

therapeutic effect is required for the treatment of AD (49–51). So, the objective of the present 

study was to formulate the robust dosage form which gives drug release in controlled manner 

to alleviate the symptoms of AD. 

Estimating an IVIVC is a required feature for any drug dissolution test to create relevance and 

self-assurance in assessing the quality and safety of solid oral dosage products, such as tablets 

and capsules (52). For development of IVIVC, convolution and deconvolution methods are 

commonly preferred. Deconvolution utilizes in vivo release profile of the formulation and 

compared with the in vitro drug release profile. So to perform this method, clinical study has 

to do and in vivo data should be available with the scientist. Unlike deconvolution, 

convolution method utilizes the in vitro drug release data of the optimized formulation. The 
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pharmacokinetic data like Cmax, tmax and AUC are predicted using software and compared 

with the actual reported values. It requires very simple PK data compared to deconvolution 

method. So, convolution technique is preferred over deconvolution for the formulation 

scientist.(53) 

Food and Drug Administration given out an alert on “risks of ethanol induced dose dumping 

from oral sustained/controlled release dosage forms”. The vulnerability of controlled release 

formulations, when co-ingested with alcohol, represents a current major concern of regulatory 

agencies (54–56). Burst drug release may be due to the sensitivity of some excipients with 

alcohol (57). As per the report of World Health Organization (WHO), more than 3 million 

people died due to the harmful effect of alcohol (58).  Therefore, FDA has decided to assess 

the robustness of the dosage form in the presence of alcoholic media in the early development 

of product. 

So, the objectives of the current research was to develop and characterize functional and 

alcohol resistant drug delivery system of antialzheimer drug considering the concepts DoE and 

QbD using classical and modified processing technique incorporating release retardants.  

So, the main objectives of the current research are: 

• The primary objective of the present work was to formulate the good quality of pellets 

with better morphology and high yield employing the modified processing step. 

• The secondary objective was to modulate the drug release incorporating hydrophobic 

release retardants such as COM and EC. 

• Identification of critical parameters from the risk analysis approach. FMEA was used 

for the identification of significant parameters which will affect the final quality of 

pellets. 

• To evolve mathematical model to establish the correlation of the independent variables 

with dependent variables. 

• To find out the optimum conditions of critical factors for the formulation of good 

quality pellets. 

• Development and evaluation of functional drug delivery system of Antialzheimer drug 

considering the concepts DoE and QbD. 
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• Development of modified extrusion spheronization technique for the formulation of 

modified release pellets to improve the flow, yield and other physical characteristics as 

well as to control the drug release up to 12h. 

• The size of the pellets should be close to the 1 mm. The % friability should be less than 

1%.  

• The critical quality attribute was drug release at different time interval which should be 

compared with drug release profile of the marketed formulation. 

• Exploration the novel step i.e. use of pregelatinized starch as a binder cum lubricant 

extragranulary after the extrusion step, to improvise physical characteristics of pellets 

as well as modulate the drug release. 

• Extrapolation of in vivo plasma concentration-time profile using dissolution data by 

employing back calculation of Wagner – Nelson approach. 

• Another important goal of the current research was to formulate robust formulation in 

presence of alcohol which should be safe and devoid of any side effects or toxic 

effects. 

• Assessment of stability of the optimized GH modified release pellets by accelerated 

stability study for the period of 6 months at 75% RH and 40 ˚C. 

• Development of non-infringing formulation or process for the formulation of pellets. 

 
 



 

 

 

In Literature and in life we ultimately pursue, not 
conclusions, but beginnings. 
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CHAPTER - 2 

REVIEW OF LITERATURE 

Yan H 2016 et al developed a newer wax based floating SR dispersion containing pellets of a 

protacatechunic acid. It was developed for sustaining gastric residence time and therefore 

increased absorption from stomach and ultimately leads to higher bioavailability. Initially, the 

core of the formulation was prepared using Avicel, coated with the EC and protacatechunic 

acid solution using fluidized bed process. The formulation remained in floating state up to 12 

h which was really desired for the stomach specific action. Stability study indicate the product 

stability.(58) 

Akhgari A. 2011 et al developed and assessed the pellets using extrusion-spheronization 

technique incorporating acacia and tagacanth as extruder aid or polymer. The effect of drug 

amount and ratio of both polymers was evaluated for the dissolution study of the pellets. Two 

different category drugs were selected as a model for the study. The optimization of pellets 

was performed employing 32 factorial design. The dissolution rate, sphericity and the friability 

of the formulation were influenced by the quantity and type of the drug, and the proportion of 

the polymers. The pellet shape, drug release and mechanical strength were affected by the 

amount of drug and amount of polymer. Acacia and tagacanth were expected to use in the 

pellet formulation.(40) 
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Bose A. 2013 et al formulated the SR matrix tablet of Itopride employing HPMC as well as 

PVP by means of polymer for 12 h. response surface methodology, CCD was employed for 

the development of formulation using quantity of HPMC and quantity of PVP as an 

independent factors and drug release as responses to be measured. The design batches were 

assessed for different parameters. The optimized formulation was then exposed to SEM to 

disclose its release outline. The dissolution study indicate the drug release prolonged for 12 h 

by employing both the polymer in suggested amount. Amount of lactose also influenced the 

dissolution study. The newer formulation may improve the therapeutic effectiveness than the 

conventional dosage form (59). 

Gangurde A 2017 et al developed an innovative method of extrusion spheronization to 

improve the stability of drug. Choline bitartrate used as a drug and soya bean oil as 

encapsulating agent for the process. A newer extrusion technique was demonstrated. Pellets 

were evaluated for different evaluation parameters. More than 90% encapsulation efficiency 

was obtained. The stability study indicates the stability of the product. One of the key finding 

of the research was to use extrusion spheronization technique for the production of 

microcapsules. Hydrogenated soya bean oil was found to be crucial for the formulation of 

pellets. (60) 

Eva Bolcskei 2014 et al has prepared the matrix pellets using two different equipments which 

were developed for the formulation of pellets. The basic aim was to develop and optimized the 

process using lab scale instruments. Avicel, eudragit and diclofenac were integrated for 

formulation of matrix pellets. All batches were assessed for different physicochemical 

characteristics and release profile. Pellets were differ in size, shape and also dissolution profile 

due to the influence of instrument specification and process conditions.(61) 

Chang 2014 et al develop and validate the IVIVC study for propranolol ER matrix 

formulation. In the formulation, hydrophilic polymer was explored. The dissolution profile 

was obtained by performing the standard method specified in Pharmacopoeia. In vivo plasma 

concentrations time profile plus PK varibles were achieved once delivering oral, ER system 

and IR marketed tablet in male beagle dogs. The in vitro release profile was equated to the in 

vivo data and model was developed. The model was validated using percentage prediction 
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error. The % prediction error was found below 10% which indicate the model was valid for 

the study.(62) 

Fahmy 2012 et al studied qualitative risk analysis approach - FMEA and quantitative 

preliminary screening design, Plackett–Burman Design (PBD) for the identification of 

significant CMAs in addition to CPPs which were affect the quality of immediate release 

tablet of Ciprofloxacin Hydrochloride. The dry granulation technique was employed for the 

formulation of tablet. Initially, all the factors were outlined based on the preliminary study and 

prior knowledge. Risk assessment using FMEA model was performed as per the guideline and 

identified some crucial factors which were affecting the quality of product. The identified 

factors were further quantitatively assessed using PBD. The final outcome of the research was 

reduction in number of experimental trials. FMEA model and PBD was found to be promising 

approach for screening of parameters.(63) 

Singhvi 2013 et al predicted the in vivo absorption profile from the in vitro dissolution 

records by means of numerical convolution approach of Milacipran formulations. Immediate 

and matrix release tablets of Milnacipran was used for the same. Convolution method was 

used for the extrapolation of in vivo profile. The PK variables were predicted and compared 

with the standard data. Percentage prediction errors were calculated for the formulation. It was 

found less than which confirm that predicted data were similar to reported data. The major 

outcome of the study was to predict the in-vivo response before conducting the in vivo study 

which reduces the overall product development cost.(52) 

Kan 2014 et al developed the enteric coated pellets employing QbD approach. Fluidized bed 

coater was used for the formulation of pellets. Risk assessment was performed to recognize 

the important elements. Initially FMEA model was used to identify the significant factors. 

Total eight were screened from FMEA model. The eight factors were further quantitatively 

assessed using Plackette - Burman design.  Pareto ranking analyses specified that the amount 

of triethyl citrate (X1), amount of glycerol monostearate (X2) and the weight gain after 

coating (X7) were the supreme important variables influencing the chosen responses amongst 

all the variables. Optimization of formulation and process were carried out to identify the main 

and interaction effect as well as to identify the design space. Due to extreme point generation 
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by the model, a robust method and formulation was developed employing the QbD 

approach.(64) 

Kuna 2013 et al studied the chronic effects of GH on cholinergic structure of mice brain. The 

goal of the research was to check the prolong influence of drug on morphometric, social and 

cholinergic structure in mice in the lack of the AD. Albino mice (1 month age) were selected 

for study. 5mg/kg body weight dose were administered to all mice up to 6 months. Morris 

water maze technique was used to assess the behavior of the experimental and control mice 

and weights as well as size were assessed. ACh and acetylcholinesterase amount were 

measured in diverse area of the brain at specified interval. High agitations in the cholinergic 

system in all sections of brain were observed which leads to behavioral changes. Children 

have to avoid these kinds of memory enhancers.(48) 

Gohel 2005 et al proposed the simple mathematical approach for back calculation of Wagner-

Nelson approach to forecast the blood concentration from dissolution profile. The literature 

reported values of dissolution were used to feed the data. The Vd, Ke and bioavailability 

factor were required to forecast plasma concentration. The in vivo blood quantity of drug with 

respect to time as well as Cmax, tmax and AUC was predicted using the simple Excel sheet. 

The predicted data were compared with reported value and method was validated.(65) 

Muley 2016 et al studied the extrusion- spheronization method for the formulation of pellets. 

The author has described all the methods available for the pellet formulation with their unique 

advantages and limitation. Each method was described by its unit operation. In the second 

part, all the formulation, process and instrumental factors were discussed thoroughly for the 

formulation of pellets. The evaluation parameters were also explained. Additionally, effect of 

variables on responses were discussed which might be useful for the optimization of pellet 

formulation via extrusion spheronization method.(21) 

Desai 2017 et al had proposed the novel orodispersible formulation of cholecalciferol 

employing cold extrusion method. The goal of the current research was to overcome the 

limitation of existing pediatric formulation in the market by preparing newer orodispersible 

pellets. Generally, children were suffering from calcium deficiency which can be overcome by 

different liquid formulation or powder. The existing formulation had numerous limitations. 
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The newer orodispersible formulation was prepared using extrusion spheronization method. 

The critical factors which were affecting to the quality of pellets were scutinized and 

discussed. The formulation was found to be more stable and overcome all the limitations 

associated with the available formulation.(66) 

Roy 2009 et al formulated the pellets for the pulsatile drug delivery. For chronographic 

approach means to release the API at definite time and place after lag phase, attract the 

formulator to prepare the pulsatile drug delivery system. Various strategies had been explored 

for the pulsatile drug delivery, here pellets were formulated. Unique advantages of 

multiparticulate over single unit dosage form with advantages of pulsatile system were 

explored. Also, development of low density floating mulatiparticulate system was addressed. 

Also the industrial suitability of each formulation was discussed for further development.(67) 

Raval 2013 et al developed Budesonide SR enteric coated pellets for intestinal delivery. The 

API is used as a powerful glucocorticoid, employed in management of ulcerative colitis as 

well as Crohn’s disease. Cold extrusion technique was adopted for the manufacturing of 

pellets. Budesonide is unstable in acidic condition so pre-requisite to target in intestine for 

maximum bioavailability. The 32 factorial design was employed to optimize the pellets. 

Eudragit S 100 was employed for enteric coating. Pellets were characterized by different 

evaluation parameters like morphological characteristics, mechanical strength and dissolution 

study. DSC and FTIR results indicate no relations amongst Budesonide and excipients. SEM 

images suggest sphericity and smooth surface. In vitro drug releases suggest no drug was 

observed in stomach condition and controlled release in intestinal condition up to 12h. Better 

bioavailability will be obtained by formulating sustained release intestinal targeted pellets. 

(68) 

Wang 2014 et al developed the naproxen containing core pellets using cold extrusion method 

employing QbD approach. Initially risk assessment was performed using FMEA model. Total 

eight factors were selected form the FMEA, which were further screened by Plackett–Burman 

design. Out of eight, total three critical factors were screened which were affecting the QTPP 

and CQA. Spheronization speed, extrusion speed and CMC-Na concentration were selected as 

independent variable and pellets were optimized using design of experiment – Box–Behnken 
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design. Design space was finally obtained which can meet the QTPP specification. This study 

demonstrated the formulation of naproxen core loaded pellets using extrusion spheronization 

method employing QbD.(69) 

Yang 2016 et al prepared the novel GH sustained release capsule. The multiparticulated drug 

delivery system was adopted as it has numerous benefits over single unit dosage form. The 

novel system was compared with the marketed formulation. The results of dissolution study 

indicate prolonged release up to 12 h over marketed formulation. The f2 value suggests 

similarity in drug release of both the formulation. Higuchi model was best fitted. In vivo study 

was performed in beagle dog which also indicated better and controlled dissolution profile was 

perceived in novel formulation associated to brand product.(49) 

Zhang 2010 et al demonstrated the DDSolver programme for the study of dissolution kinetic 

data. It was really very problematic to calculate the API release kinetics and statistics applied 

to drug release data.  It was an add-in programme which can be directly incorporate in the MS 

Excel. The author had described the method to measure the resemblance amongst the two 

different dissolution profiles, fitting release profile by means of a nonlinear optimization 

technique and dissolution kinetic data calculation. It was available freely on internet. The 

program was accomplished of playacting most existing techniques for examining dissolution 

profile, including exploratory data examination, univariate ANOVA, ratio test method, factor 

f1, f2, the Rescigno indices, the closeness of data of difference method, the multivariate 

statistical distance process, the model-dependent approach, the bootstrap f2 method, and Chow 

and Ki’s time series method. Sample runs of the program established that the results were 

acceptable, and DDSolver might be useful for data treatment.(70) 

Gurram 2016 et al formulated and optimized disintegrating MCC pellets using extrusion 

process method. The propylene glycol which acts as a non- aqueous vehicle, in the alternate 

for water, was explored in the alternate of water for water sensitive API. Aspirin was 

employed by means of a model API. Initially, PBD was used to recognize the important 

factors from the Pareto chart. CCD was employed for the optimization of formulation using 

disintegration time, sphericity and yield as dependent varibles. The optimized region was 

identified using the Design of experiment. The pellets of optimized batch were further coated 
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with Eudragit L 100 to maximize the dissolution of API in lower part of GIT. The newer 

approach was demonstrated to avoid water and other organic solvent to formulate pellets using 

cold extrusion method.(71) 

Goyanes 2011 et al developed the newer co-processed Avicel containing pellets. In the 

addition to Avicel, Eudragit E and sorbitol was mixed in pellets. The effect of each ingredient 

was assessed on the disintegration time (DT) and release pattern. Pellets were evaluated for its 

morphology, flow and mechanical strength. DT and release pattern was also explained for 

pellets. Pellets showed excellent flow, mechanical strength with smooth surface and uniform 

spherical shape. Hydrochlorthiazide was chosen as model API which has low aqueous 

solubility. Pellets showed higher drug release compared to alone MCC. The amount of 

Eudragit E and sorbitol were found critical for the drug release and DT. As the quantity of 

sorbitol escalations, the DT reduces. (72)  

Goyanes 2014 et al developed the newer co-processed MCC based pellets. In the addition to 

MCC, Eudragit E, chitosan and sorbitol was mixed in the system. The effect of each ingredient 

was assessed on the DT and release pattern was observed. Pellets were evaluated for its 

morphology, flow and mechanical strength. DT and release pattern was also studied for 

pellets. Pellets showed excellent flow, mechanical strength with smooth surface and uniform 

spherical shape. Hydrochlorthiazide, indomethacin, nifedipine, furosemide, ibuprofen and 

prednisolone were chosen as model AIs which has poor aqueous solubility. Pellets showed 

higher drug release compared to alone MCC. The amount of Eudragit E and sorbitol were 

found critical for the drug release and DT. As the quantity of sorbitol escalations, the DT 

reduces.(73) 

Idris M. El-Mahdi 2017 et al studied the effect of spheronizer disc to formulate the pellets 

using cold extrusion method. The process was widely explored for the formulation of pellets at 

industrial scale. There are number of instrument factors which are affecting to the quality of 

procut. Ketoprofen was chosen as a model API for pellet system. Two types of spheronizer 

plates – cross hatch plate and radial plate were used. The other independent parameters were 

selected like Avicel amount, spheronizer speed and spheronization time. All the assessment 

parameters were performed for each batch. Level of MCC was significant for the formulation 
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uniform spherical particle. Higher yield with uniform size and shape was observed with the 

radial friction plate.(74) 

Jedinger 2015 et al studied the alcohol induced dose dumping effect on hot melt extruded 

pellets including of waxy polmers. Calcium stearate, COM and Precirol were used as waxy 

polymer and paracetamol or codeine phosphate was chosen as model APIs. Both the 

formulation influenced by the amount of ethanol, showed the high drug release. Paracetamol 

was highly soluble in alcohol so showed high drug release in alcohol containing media. 

Codeine was less soluble in alcohol but the matrixing agent disrupted its structure in the 

presence of alcohol so yield high drug release. While, the calcium stearate loaded pellets did 

not show any sign of dose dumping in alcoholic media due to their less wettability (75). 

Michie 2012 et al demonstrated the effect of spheronizer disc on physical characteristics of 

formulation and dissolution of drug from the pellets. Diclofenac was chosen as an API. 

Extrusion spheronization technique employing sieve extruder was expored to formulate 

pellets. Screen size was varied to assess its effect on pellet property. Three different types of 

spheronizer plates  were used. Spherical shape, uniform smooth surfaces were obtained in 

each batch. Striated edge pattern was more effective to prepare the porous pellets which gave 

faster drug release if required but the mechanical strength of these pellets was very poor. Yield 

values varied by up to 20%.  The dissolution was marginally affected by the change in friction 

plate.(18) 

Podczeck 2013 et al demonstrated the influence of spheronizer speed and standing time of 

estrudes on the physical characteristics of pellets. The pellets were formulated through cold 

extrusion technique employing 52 factorial design. In which, Standing time and rotational 

speed of spheronizer were taken as independent variable, varied at different 5 levels. 

Diclofenac sodium was employed as model API. Extrudes were manufactured by screen 

extruder. The pellet size was obtained between 0.71–1.44 mm, significantly affected by the 

both factors. Pellets manufactured at the least speed were non uniform and oval. Tensile 

strength and density of the pellets were affected by the standing time of extrudes and speed of 

spheronization. There was no effect on dissolution of both the factors. (19) 
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Mallipeddi 2014 et al explained the influence of fine and course sized EC for the 

manufacturing of pellets for cold extrusion process. The pellets were formulated using MCC, 

PEO, EC and water.  CCD was used to optimize pellets and to assess the influence of each 

independent variable on dependent factors. The pellets were characterized by different 

parameters like % yield, shape, size, friability and dissolution profile. Spherical pellets with 

smooth surfaces were obtained in each batch irrespective of the content and type of ingredient. 

High yield was observed with coarse particle EC than the fine particle EC but the 

disintegration time was less and mechanical strength was high in the case of fine particle EC. 

Observed responses were same as that of the predicted responses. Fine powdered EC is a good 

excipient for the pellet formulation. (76) 

Singh 2012 et al formulated the solid dipersion which then incorporated into pellets which 

gave high solubility with controlled release of drug. Pellets were formulated by cold extrusion 

process.  Pellets were assessed for different evaluation parameters. Pellets were found 

spherical with smooth surfaces. Optimization of pellets was performed sin central composite 

design. Amount of polymer was found to be significant for the formulation of pellets. Design 

space was obtained from the design. (77) 

Theleritis 2017 et al reviewed the treatment available for the Alzheimer disease (AD). 

Pharmacological and non-pharmacological treatments were available to AD. Author had 

searched all the database available to treat the AD. Apathy is important recurrent 

neuropsychiatric signs come across in AD. Gingko biloba, Acetyl cholinesterase inhibitors, 

methylphenidate and other non-therapeutical treatment are also effective to treat AD.  Not 

only pharmacological treatment was effective in AD but non pharmacological treatments were 

effective to control the AD in initial stage. Management of apathy with AD is a complex and 

unrevealed field. Consistent as well as organized treatment with non- therpaetical treatment 

will be effective to alleviate the symptoms of AD (47). 

Barros 2015 et al formulated the pellets of live probiotic bacteria, Lactobacillus casei using 

extrusion spheronization method. L.casei bacteria were very sensitive in stomach fluid and 

highly effective in intestinal area. To overcome this problem, Eudragit was used to coat he 

pellets which protect the bacteria form the acidic condition. Bacteria were incorporated into 
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granulating liquid. Pellets were prepared with the MCC, cross linked alginate and lactose. The 

process was carried out normally. Only in drying 1 log reduction of microbes was observed. 

Eudragit coating protected the bacteria from the stomach fluid. MCC and alginate gave faster 

disintegration in the intestine. Pellets were successfully delivered to intestine yield better 

absorption and more bioavailability.(78) 

US8318230 discloses use of starch for the formulation of pellets by the cold extrusion method. 

The excipient is also used for other oral solid dosage form preparation. It is also employed for 

altered drug release formulation (79). 

 

US5350584 describes process for preparing spheronized particles from a pharmaceutical 

formulation containing a charged resin and medicament. These spheronized particles may then 

be used in the production of drug delivery devices.(80) 

 

EP0415357 describes the making of pellets comprising polyvinylalcohol (PVOH) by melt 

extrusion with the extrusion being carried out in the temperature varied from 150-195°C. (81) 

 

US20070075453 discloses a innovative method to form thermoplastic resin complex. The 

mixture contains thermoplastic polymer, plasticizer and other required additives. The mixture 

remains in solid form at room temperature. The newer mixture was successfully prepared the 

pellets using hot melt extrusion in desired temperature limits (82).  

 

US5747067 described a co-processed mixture of Avicel and CaCO3 having a particle size 

range of 7 to 22 µm. The purpose of co-processed excipient was to increase bulk density and 

thereby reducing the tablet size. (83) 

 

US20120178822 described the formulation of co-processed excipient using PVP and calcium 

stearate. The different ratio of both the excipients were taken and mixed to form a new co-

processed excipient. It is really improving the solubility when mixed with poorly water soluble 

drug (84). 
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WO2013175405 described a co-processed excipient comprising of PVP and mannitol solid 

dispersion. The dispersion was prepared in different ration of both the excipients. The pellets 

was prepared which were spherical, uniform and smooth surfaces.(85) 

 

WO9803064 disclosed a composition useful as an excipient for active agents in solid dosage 

forms which comprises a superdisintegrant and a co-disintegrant comprising diatomaceous 

earth, calcium silicate or a porous hydrophilic zeolite in an amount sufficient to provide fast 

breakdown of solid dosage form when immersed in media.  

EP1923054 disclosed an immediate disintegrating dosage form which is administered via oral 

route containing Sphingosine-1 phosphate receptor modulator. The different amount of silicate 

is varied in comparison to disintegrant. The disintegrant and silicate is added individually. (86) 

 

 

 

 

 

 

 

 

  



 

 

There is no such thing as a failed experiment, only 
experiments with unexpected outcomes. 
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CHAPTER - 3 

MATERIAL AND METHODS 

3.1. Materials 

TABLE 3. 1:  List of Materials 

All ingredients, solvents and reagents were of analytical or pharmaceutical grade. Distilled water was used during 

the course of the study. 

3.2. Instruments 

TABLE 3. 2: Specification of instruments 

Sr. No. Instrument Model 

1. Electronic Weighing Balance Sartorius - BT224S, Japan. 

Sr. No. Materials Source 

1 GH Zydus Research Centre, Ahmedabad. 

2 Avicel PH 101 Sigma Aldrich Pvt. Ltd., India 

3 Pregelatinized starch Colorcon Asia Pvt. Ltd, Goa 

4 Isopropyl Alcohol Baroda pharmaceutical Pvt. Ltd, Vadodara 

5 Dichloromethane Baroda pharmaceutical Pvt. Ltd, Vadodara 

6 EC S. D. Fines Chemicals, Ahmedabad 

7 COM Gattefoss India Pvt. Ltd, Mumbai. 
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2. UV Visible Spectrophotometer UV-1650, Pharmaspec, Shimadzu Ltd, Japan. 

3. FTIR Spectrophotometer WQF-520, USA. 

4. Pan Coater Chronimach Instrument Pvt. Ltd, Ahmedabad 

5. Capsule Filling and Sealing Machine In house 

6. Dissolution apparatus Electrolab TDT 08L, Mumbai, India 

7. Roche Friabilator Electrolab India Pvt. Ltd., Mumbai 

8. Kalveka Sieve shaker Karnavati Engineering Pvt. Ltd., India 

9. Differential Scanning Calorimeter  Perkin Elmer, DSC-pyris-1 and USA 

10. Scanning Electron Microscope SHIMADZA SSX-550, Japan 

11. Mixer Remi Laboratory Instruments Pvt. Ltd., India 

12. Melting Point Apparatus In house 

13. Bulk Density Apparatus Electrolab India Pvt. Ltd., Mumbai 

3.3. Methodology 

Pre-formulation study was carried out which emphases on profound understanding of 

physicochemical characteristics of the drug that could affect drug performance and 

development of a stable, safe and effective dosage forms. A number of pre-formulation studies 

which were performed discussed in following sections. 

3.4. Determination of melting point of GH 

Melting point of GH was identified using capillary technique. In this technique, the capillary 

tube was sealed with gentle heating from one end. Then the small quantity of drug, GH was 

placed into the one sided sealed capillary. Capillary was dipped into the tube containing the oil 

phase in such a way that the sealed part of the capillary containing drug was dipped into the 

oil. Gently heat the oil bath in the increments of 10 ºC. As soon as the drug has started 

melting, immediately stop the heating and note down the temperature. 

3.5.  Spectrophotometric method for estimation of GH: 

Stock solution:  
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The stock solution of GH was made by precisely weighing 100 mg of drug GH. The drug was 

transferred into 100 ml volumetric flask which contains 50 ml distilled water. The solution 

was shaken for fewer minutes for complete solublization of drug. Volume was made up to 

100ml to make the solution of 1000 μg /ml. The final solution was sonicated for 5 min to 

remove the entrapped air or for complete solublization of drug and stored in cool place.  

Working solutions:  

The stock solution was suitable diluted to make 20 – 100 μg /ml using dist. water. The 

absorbance of these solutions was determined in UV spectrophotometer at λmax 289 nm and 

calibration curve of absorbance vs. concentration was plotted.(88–90) 

3.6. Differential Scanning Calorimetry (DSC) study 

The thermal events of the sample during the course of heating were observed using differential 

scanning calorimeter (Perkin Elmer, DSC-pyris-1, and USA). The instrument was 

standardized by Indium and Zinc using their standard melting point and enthalpy change. GH 

(approximately 2mg) was weighed accurately and placed on the Aluminum pan. The pan was 

heated in the increment of 100 ˚C starting from the 50 to 500 ˚C. The purging of chamber was 

performed by Nitrogen gas. The melting point and other thermal events of the sample was 

observed and compared with the reported values. (91–93) 

3.7. Fourier transform infra-red (FTIR) study 

The FTIR spectra of pure drug were recorded on a FTIR spectrophotometer (FTIR-WQF-520). 

The spectra were recorded in the 4000–400 cm-1 wavelength region. The GH was mixed with 

Potassium Bromide. Sample holder was filled with the required amount and placed in the path 

of light to obtain the FTIR spectra. (93)  

3.8. Drug excipient compatibility studies 

3.8.1 Differential Scanning Calorimetry (DSC) study 
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The thermal events of the sample during the course of heating were observed using differential 

scanning calorimeter (Perkin Elmer, DSC-pyris-1, and USA). The instrument was 

standardized by Indium and Zinc using their standard melting point and enthalpy change. GH 

or COMP or mixture of GH and COMP (approximately 2mg) was weighed accurately and 

placed on the Aluminum pan. The pan was heated in the increment of 100 ˚C starting from the 

50 to 500 ˚C. The purging of chamber was performed by Nitrogen gas. The melting point and 

other thermal events of the sample was observed and compared with the reported values. (91–

93) 

3.8.2. Fourier transform infra-red (FTIR) study 

The FTIR spectra of (Pure drug, physical mixture of drug and final formulation) were 

recorded on a FTIR spectrophotometer (FTIR-WQF-520). The spectra were recorded in the 

4000–400 cm-1 wavelength region. The GH was mixed with Potassium Bromide. Sample 

holder was filled with the required amount and placed in the the path of light to obtain the 

FTIR spectra. (93)  

3.9. Screening of Extrusion-Spheronization aid 

Screening of Extrusion-spheronization aid was done on the basis of flow ability, 

compressibility and pellet size and sphericity parameters. Avicel pH 101, Avicel pH 102 (94), 

Avicel PH 200 (95), Microcrystalline Cellulose (96, 97), Pregelatinized starch, Dibasic 

calcium phosphate (98) and lactose (99, 100) were used as extrusion-spheronization aids for 

formulation of pellets as shown in Table 3.3. GH ER pellets were formulated using cold 

extrusion method. COM and EC were used as sustained release polymer. The amount of both 

the polymer was kept constant. Wet mass was prepared employing iso-propyl alcohol and 

dichloromethane (1:1) as granulating liquid. All other processing parameters were kept 

constant. Amongst all these, Avicel pH101 have excellent flow property, compressibility, 

spherical in shape and desired pellet size.  
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TABLE 3. 3: Screening of Extrusion – spheronization aid 

Batch No. B 1 B 2  B 3 B 4 B 5 B 6 B 7 

Lactose (gm) 20 -- -- -- -- -- -- 

Dibasic Calcium 

Phosphate (gm) 

-- 20 -- -- -- -- -- 

PGS (gm) -- -- 20 -- -- -- -- 

MCC (gm) -- -- -- 20 -- -- -- 

Avicel PH 101 (gm) -- -- -- -- 20 -- -- 

Avicel PH 102 (gm) -- -- -- -- -- 20 -- 

Avicel PH 200 (gm) -- -- -- -- -- -- 20 

COM (%) 15 % 15 % 15 % 15 % 15 % 15 % 15 % 

EC (%) 5 % 5 % 5 % 5 % 5 % 5 % 5 % 

IPA: DCM 1:1 1:1 1:1 1:1 1:1 1:1 1:1 

Spheronisation time 

(min) 

10 10 10 10 10 10 10 

Speed of spheronizer 

(rpm) 

1500 1500 1500 1500 1500 1500 1500 

3.10. Preliminary batches of pellet formulation 

Preliminary batches were formulated using modified method using different laboratory scale 

instruments.  Formulation of pellet was comprised of following main five steps: 

• Wet massing 

• Extrusion using sieve 

• Sprinkling of PGS on wet extrudates 

• Cutting through mixer 

• Spheronization using pan coater 

• Drying 

The dry ingredients were weighed accurately, sieved using 40 mesh sieve and were mixed 

geometrically in a mortar pastel. The powder mixture was granulated with binder solution to 
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form moistened mass. The moistened mass was manually extruded using sieve number 16 at 

room temperature (27◦C). Extrudates were then lubricated with pregaltinized starch to improve 

the flow property and yield of the pellets. The extrudates were then transferred to a mixer to 

reduce the length of cylindrical extrudes at low shear for 3 min. Extrudes were spheronized in 

a pan coater at 30 rpm for 15 minutes to get spherical pellets. Fig. 3.1 showing extrudes and 

pellets prepared by above modified method. Spheronized pellets were then oven-dried at 40°C 

for 60 min. These pellets were screened using 16 mesh sieve and evaluated. Pellets were 

evaluated for pellet size, shape, compressibility and flowability parameters.  

Initially, first two batches were prepared using modified method without drug as shown in 

Table 3.4 to assess whether the method was able to prepare pellets of desired properties or not. 

Then after other preliminary batches were prepared using COM and or mixture of COM and 

EC solution in IPA: DCM (1:1) with GH to assess whether the concentration of polymers were 

enough to sustain the drug release or not as shown in Table 3.5. 

    

 (A)                                                                             (B) 

    

FIGURE 3. 1: The extrudes and pellets prepared by modified method 
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TABLE 3. 4: Composition of preliminary batches 

Ingredients B 8 B 9 

COM 10% 10% 

EC 5 % 5 % 

Pregelatinized Starch --- 2 % 

IPA: DCM 1:1 1:1 

Avicel PH 101 q.s. to 100 % q.s. to 100 % 

 

TABLE 3. 5: Composition of preliminary batches 

Ingredients B 10 B 11 B 12 B 13 B 14 

GH (g) 1.6 1.6 1.6 1.6 1.6 

COM (g) 2 3 4 4 4 

EC (g) 1 1 1 2 3 

Pregelatinized Starch (g) 0.4 0.4 0.4 0.4 0.4 

IPA:DCM 1:1 1:1 1:1 1:1 1:1 

Avicel Ph 101 (g)  15 14 13 12 11 

Batch size = 20g 

Each capsule contains 200 mg pellet eq.to 16 mg GH 

All the preliminary batches were assessed for its flowability, morphological characteristics,  

mechanical strength and dissolution behavior.(101)  

3.11. Method – 1 for the formulation of GH ER pellets 

The drug and the excipients except pregelatinized starch were blended. A mixture of isopropyl 

alcohol and dichloromethane containing COM and EC was used to prepare wet mass for 

extrusion step. The mass was transferred to the sieve No. 16, and then passed through the 

sieve by applying a little force. Pregelatinized starch was sprinkled on the wet extrudates to 

improve the morphological characteristics, mechanical strength of the pellets and to increase 

the yield of the pellets. The extrudates were then transferred to a mixer to reduce the length of 

cylindrical extrudes at low shear for 3 min. Extrudates were then transferred to pan coater 

containing baffles for spheronization. Spheronization was performed at 30 rpm for 15 min at 

room temperatures. The wet pellets were dried in a hot air oven at 40°C for 1 h. Finally, the 
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pellets were screened using a 16–20 mesh and then stored in sealed glass jars. The schematic 

diagram of method is presented in Fig. 3.2. 

 

FIGURE 3. 2: Formulation of pellets by modified pelletization method - 1 

3.12. Quality by design-enabled systematic development of drug loaded 

pellets 

The GH modified release pellets were optimized using Quality by Design (QbD) approach. 

QbD approach integrates the following sequential steps (Fig. 3.3) to obtain the optimized 

formulation with desired quality target product profile. 

• Define quality target product profile (QTPP) 

• Identification of critical quality attributes (CQA) 

• Identification of critical manufacturing attributes (CMA) and critical process 

parameters (CPP) using Ishikawa diagram and risk assessment approach 

• Optimization of pellet formulation using design of experiment (DoE) 

• Validation of model and identification of design space 
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FIGURE 3. 3: Schematic flow diagram of QbD approach 

3.12.1 QTPP for the GH ER Pellet   

The QTPP is “a prospective outline of the standard characteristics of a drug product that 

ideally are going to be achieved to confirm the specified quality, taking into consideration of  

safety and effectivity of the drug product.” (102) The QTPP is the most important element of 

QbD approach as it forms the foundation for the development of process or product. By 

initiating the defining target first in mind, a robust formulation or process is developed with 

desired controlling strategies that gives assurance that product will perform in a best way. 

(103) 

It should comprise patient-relevant product performance and physical characteristics. QTPP 

were selected as per ICH Q8 guideline. QTPP should be precise and specific. The examples of 

QTPP are dosage form and its strength, route of administration, drug and its product releated 

parameters and PK parameters. The QTPPs are exclusive for each case as it depends on the 

target or goal to be achieved. For selection of QTPP, prior knowledge related with drug or its 

product, pharmacokinetic study and perfect planning is required. (30) 

3.12.2. Identification of Critical Quality Attributes (CQAs) of GH ER pellet 

A critical quality attribute (CQA) is “a physical, chemical, biological, or microbiological property or 

characteristic that should be inside an appropriate boundary, range, or distribution to ensure the desired 

product quality.” The determination of a CQA from the QTPP is based on the severity of harm to a 

patient should the product drop outside the satisfactory limit for that attribute. (104) 

Define QTPP Identify CQAs 

Identify CMA 
and CPPs 

using Ishikawa 
Diagram and 

Risk 
Assessment

Formulation of 
Pellet using 

DOE 
technique

Optimize
d 

Formulat
ion
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All quality features are target constituents of the drug product and may be accomplished by a 

precise and perfect quality management system, acceptable formulation/method design and 

development. From the angle of pharmaceutical development, we have a tendency to solely 

examine the set of CQAs of the drug or its product that even have a high potential to be 

compact by the formulation or process variables. Our investigation culminates in an 

appropriate control strategy.(104) 

The identification of potential CQAs means the selection of those characteristics which 

influence the product quality and can be studied and controlled. They are usually related with 

the drug substance, excipients, intermediates (in-process materials) and drug product. Potential 

drug product CQAs should be derived from the QTPP and/or prior knowledge. The 

determination and selection of CQAs in this case was also based on prior knowledge and data 

from the relevant literature.(28). The schematic diagram is shown in Fig. 3.4. 

 

FIGURE 3. 4: Determination of CQAs 

3.12.3. Identification of Critical Process Parameters (CPPs) and Critical Material 

Attributes (CMAs) 

Those method parameters whose inconsistency affects the CQAs and therefore the desired 

quality should be chosen. These are the CPPs and CMAs, selection of which requires the 

knowledge of the different manufacturing methods and their applicability. The CPPs choice 

relies on previous information, prior sensible investigations and information from the relevant 
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source (28, 105). In this research, CQAs were selected based on the prior knowledge, 

conducted preliminary trails and literature search.  

3.13. Risk assessment and analysis 

Risk analysis was performed by Failure mode effect analysis (FMEA) to recognize the 

prospectively significant variables which will affect the drug release and quality of pellets.  

The FMEA approach was used to perform the qualitative risk assessment, which could 

recognize the CQAs that have the highest chance of causing product failure, i.e., not meeting 

the QTPP. Initially, all the factors, which were affect the product quality directly or indirectly, 

are systematically gathered based on the preliminary trials or literature survey. These all 

factors are categorized into different types and arranged systematically into the fishbone or 

Ishikawa diagram. The parameters outlined in the Ishikawa diagram aided in the identification 

of the failure modes (i.e., the ways or modes by which a system, process step, or piece of 

equipment might fail). FMEA are also used to define the effects or consequences of specific 

failure modes. Using FMEA, the modes of failure can be prioritized for risk management 

purposes according to the seriousness of their effects, how often they arise and how 

effortlessly they can be identified. From this information, the variables (CQAs) that need to be 

further studied and controlled can be identified. Another significant feature of FMEA, 

particularly for larger establishments, is that the process of doing the analysis facilitates 

scientifically assembling the recent knowledge within the organization, and with a knowledge 

management system, it permits the information on risk to be stored for future use. This is 

important for companies in which turnover results in the loss of institutional memory. (64, 

106, 107) 

To begin the FMEA, we broke the failure modes down into material, men, environment, 

machine, process and measurement. The process failure modes were further broken down by 

unit operations. In FMEA, Risk Priority Numbers (RPNs) were calculated for each variable 

based on the occurrence of the risk, severity of the risk and detectability of the risk of the 

variable. FMEA defines the RPN as: 
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……………….Equation 3.1 

Where, O is the probability of an incident occurring; we graded these as 5, prospective to 

occur; 3, 50:50 accidental of occurring; and 1, not likely to occur. The second constraint S, the 

severity, which is a measure of how severe of an effect a given failure mode would cause; we 

ranked these as 5, severe effect; 3, moderate effect; and 1, no effect. The final parameter D is 

the detectability or the ease that a failure mode can be detected, because the more detectible a 

failure mode is, the less risk it presents to product quality. For D, we ranked 1 as easily 

detectable, 3 as moderately detectable, and 5 as hard to detect.(64)  

The threshold of RPN was kept 60. By calculating RPN, if any variable with RPN value 60 or 

more than that considered as a significant factor. This factor had the substantial effect on the 

product quality or safety or efficacy. These parameters were selected further for detailed study 

to control its effect by deciding some strategies. Parameters with less than 60 RPN score were 

immediately considered as non-significant and removed from the further study.(65, 103)  

The initial quality risk assessment has allowed the highest risks to be identified. The highest 

risks have been identified as those associated in vitro drug release. The concentration of COM 

and concentration of EC have been identified as main parameters affect the quality of 

sustained release pellets as these parameters got highest RPN score in the FMEA model. 

3.14. Optimization employing response surface methodology - central 

composite design (CCD) 

The CCD has widely been used for fitting a second-order model and to require a minimum 

number of experiments to be performed. The amount of COM and EC were scrutinized as 

independent variables, varied at three different levels to formulate thirteen batches while 

cumulative % drug release at 2 h, cumulative % drug release at 6 h and cumulative % drug 

release at 10 h were chosen as responses. Table 3.6 shows arbitrary chosen acceptance range. 
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The design consisted of thirteen experimental points that included fractional 22 factorial 

points, four star points and five replicates at the center point as shown in Table 3.7 and Table 

3.8. 

TABLE 3. 6: Coded and actual level of independent variables used for Central Composite Design and 

Responses to be measured 

Variables Symbol Xi 
Coded values 

-1.414 -1 0 1 1.414 

Concentration of COM (%) X1 4.36 10 15 20 25.63 

Concentration of Ethocel (%) X2 4.36 10 15 20 25.63 

Responses to be studied 

Response Y Acceptable range 

Y1 =Drug release at 2h (% CDR) 40-50 

Y2 = Drug release at 6h (% CDR) 70-80 

Y3 = Drug release at 10h (% CDR) NLT 85 

 

TABLE 3. 7: Block design of thirteen batches 

Run X1 X2 

1 0.00 0.00 

2 -1.00 -1.00 

3 0.00 0.00 

4 0.00 0.00 

5 -1.00 1.00 

6 0.00 0.00 

7 1.41 0.00 

8 0.00 1.41 

9 0.00 0.00 

10 1.00 1.00 

11 -1.41 0.00 

12 1.00 -1.00 

13 0.00 -1.41 

 

TABLE 3. 8: Formulation of GH Pellets 

Batch GH (g) 
Conc. of 

COM (g) 

Concentration of 

ethocel (g) 

Pregelatinized 

Starch (g) 

IPA: 

DCM 

Avicel 

PH 101 
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(g) 

G 1 1.6 3 3 0.4 1:1 12 

G 2 1.6 2 2 0.4 1:1 14 

G 3 1.6 3 3 0.4 1:1 12 

G 4 1.6 3 3 0.4 1:1 12 

G 5 1.6 2 5.12 0.4 1:1 10.88 

G 6 1.6 3 3 0.4 1:1 12 

G 7 1.6 5.12 3 0.4 1:1 9.88 

G 8 1.6 3 5.12 0.4 1:1 9.88 

G 9 1.6 3 3 0.4 1:1 12 

G 10 1.6 4 4 0.4 1:1 10 

G 11 1.6 0.87 3 0.4 1:1 14.13 

G 12 1.6 4 2 0.4 1:1 12 

G 13 1.6 3 0.87 0.4 1:1 14.13 

Batch size = 20g 

Each capsule contains 200 mg pellet eq.to 16 mg GH 

 

The quadratic model was produced for individual response variable using MLRA - multiple 

linear regression analysis. Each targeted response parameter was statistically scrutinized by 

one way ANOVA at 0.05 probability (P) level. The terms who received high probability value, 

were considered non-significant and eliminated in backward removal step. The regression 

coefficients of these variables were also eliminated from the equation and it was re-estimated.  

Each model was studied for goodness of fit based on three R2 value (model R2, adjusted R2, 

predicted R2), residual plot and lack of fit analysis.(72)  

A polynomial equation, with six coefficients to estimate, was produced for the account of the 

measured responses as function of the process variables. The data obtained for the three 

responses in each trial were fitted to classical second-order polynomial model. The 

mathematical model was expressed as follows, (108) 

Second-order polynomial model: 

.Equation 3.2 
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Where, y is the measured response, b0 is an intercept and b1–b5 are the regression coefficients, 

X1, X2 represents the main effect, X1
2, X2

2 the quadratic effect, and X1X2 is the interaction 

effect. The effects were evaluated statistically at 0.1 level (α = 1.141).  

The quadratic model produced by regression analysis was engaged to construct three 

dimensional and two dimensional contour plots. The conclusion of the relationship between 

the response and the variable can be drawn by interpreting the contour plot.(108) 

3.15. Optimization data analysis and validation of optimization model 

The most important responses Y1, Y2 and Y3 were optimized concurrently by MLRA 

technique using a desirability purpose as presented by Derringer and Suich (109). Individual 

response was connected with its partial desirability function, wherein a value of 0 directed an 

undesirable response and an satisfactory response had a value between 0 and 1 (109). If the 

value comes outside the range, it was completely undesirable. The optimized region was 

selected by adjusting numerical constrains of the independent and dependent variables. The 

model was validated by intensive grid search analysis method. In which, One optimized batch 

and two other check point batches were selected from the deisgn space. The batches were 

selected in such a way that it covers entire optimized region. The design predicts the 

composition of selected batches. The predicted batches were formulated as above discussed 

method, evaluated for three responses. The predicted responses were equated with the 

observed responses and percentage prediction error was calculated. It should not be more than 

15% (91). 

3.16. Characterization of Pellets 

3.16.1. Shape analysis 

The shape of pellets was determined in terms of aspect ratio. The Sphericity of pellets was 

assessed through an image analysis system, which was calculated from derived parameters 

employing the extravagant photograph of pellets from an optical microscope. The longest feret 

diameter over the feret diameter perpendicular to the longest is called as aspect ratio. Thirty 
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pellets were placed on glass slide and observed under black background.  The aspect ratio for 

the perfectly round pellet should be less than 1.2 while for the non-spherical it would be more 

than 1.2 (110, 111). Aspect ratio was calculated as follows:  

𝐴𝑠𝑝𝑒𝑐𝑡 𝑅𝑎𝑡𝑖𝑜 =  
𝑑𝑚𝑎𝑥

𝑑𝑚𝑖𝑛
… … … … … … . 𝑬𝒒𝒖𝒂𝒕𝒊𝒐𝒏 𝟑. 𝟑 

Where, dmax and dmin were the longest and shortest Ferret diameters measured, respectively. 

3.16.2. Size of the Pellet 

The size of the pellets was determined using most accurate, precise and widely used technique, 

optical microscope method. The average diameter of the pellet was calculated. The ocular eye 

piece of optical microscope was calibrated using stage micrometer slide. Total thirty pellets 

were counted for determination of size. The procedure was performed in triplicate. (18, 61, 74, 

112) 

3.16.3. Determination of the yield of the pellets 

At the end of extrusion-spheronization method, dried pellets were weighed and % yield was 

calculated. In addition to this, size of the pellet is also important to calculate the yield. 

Normally, 0.5 to 1.5 mm sized pellets were used for further processing. Herewith, yield was 

calculated mainly of pellets which size was between 0.8 to 1.2 mm. Initially, sieve analysis of 

pellets was performed using Kalweka sieve analyzer. The shaker was rotated at a speed of 

3000 min-1. The cumulative oversize weight on each sieve was taken. Only 0.8 to 1.2 mm 

sized weight was taken into consideration and % yield was calculated. (19, 75, 113) The 

amount of pellets in the size fractions below 0.8 mm and above 2 mm were found negligible in 

most cases. 

3.16.4. Micromeritics property 

The pellets were evaluated for angle of repose, bulk density, tapped density(114), Carr’s index 

and Hauser’s ratio (61, 112, 115, 116) 
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Angle of Repose: 

Angle of repose was determined by fixed funnel method. A funnel was stationary at a specific 

height on a burette stand. A graph paper was positioned under the funnel on the table. The 

powder was permitted to fall through the funnel. The radius (r) of the pile was noted. 

Maximum pile height (h) was also noted. The effect of angle of repose over the flow property 

is depicted in Table 3.9. Angle of repose of the powder was calculated using the equation. 

(117)  

Angle of Repose(θ)  =  tan − 1 
ℎ

𝑟
  …………………………… (Equation 3.4) 

Where, h= height of pile 

r = radius of pile 

TABLE 3. 9: Effect of Angle of Repose on flow property 

Angle of repose (θ) Type of Flow 

≤ 20 Excellent 

20-30 Good 

30-34 Passable 

≥ 35 Very Poor 

 

Bulk Density: 

Pellets (10g) were placed into 100 ml measuring cylinder and volume was noted. The bulk 

density (ρb) was calculated by following equation. 

ρb =   
𝑀

𝑉𝑏
…………………………… (Equation 3.5) 

Where, M = mass of powder 

Vb = bulk volume of powder 

Tapped Density: 

GH ER Pellets (10g) were placed into 100 ml measuring cylinder. The cylinder was then 

subjected to a fixed number of taps (100). The final volume was recorded and tapped density 

(ρt) was calculated by following equation. 

ρt =   
𝑀

𝑉𝑡
                 …………….. (Equation 3.6) 
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Where, M = mass of powder 

Vt = tapped volume of powder 

Carr’s Index: 

Carr’s index or percentage compressibility index was derived from the tapped density and 

bulk density of the pellets. The formula was represented as: 

Carr′s index (%)   =   
Tapped density−Bulk density

Tapped density
*100 ....(Equation 3.7) 

Hausners’ Ratio: 

Hausners’ ratio is a ratio of tapped density to bulk density. It also indicates the flowability and 

compressibility of the pellets. The formula of calculating Hausner’s ratio is:   

Hausner′s ratio =   
ρt

ρb
 ………………….. (Equation 3.8) 

Where, ρt = Tapped density 

ρb = Bulk density 

The effect of Carr’s index and Hausners’ ratio over the flow property is depicted through the 

Table 3.10. 

TABLE 3. 10: Effect of Carr’s index and Hausners’ ratio on flow property 

Carr’s Index (%) Flow Character Hausner’s Ratio 

≤ 10 Excellent 1.00-1.11 

11-15 Good 1.12-1.18 

16-20 Fair 1.19-1.25 

21-25 Passable 1.26-1.34 

26-31 Poor 1.35-1.45 

32-37 Very Poor 1.46-1.59 

≥ 38 Very, Very Poor ≥ 1.60 
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3.16.5. Surface characterization by SEM 

The surface of pellet was characterized by placing the pellets on one side of double adhesive 

stub which was then coated with gold (Fine coat, ion sputter, JFC-1100). The gold coated 

pellets were then observed using scanning electron microscope (SEM) (Model SHIMADZA 

SSX-550, Japan) at 30 kv. SEM images of pellets were captured and observed for size, shape 

and surface at suitable magnification (69).  

3.16.6. Friability 

Accurately weighed quantity of pellets (3 g) were taken from final batch of pellets and placed 

in a friabilator (Electrolab friabilator) and tumble for 100 revolutions at 25 RPM. Twenty five 

steel balls (weighing 0.21 g each) or glass beads (diameter: 2 mm) can be used as an attrition 

agent. Subsequently, the pellets were sieved through sieve no. 20 (77, 118). The Friability (%) 

was calculated as: 

𝐅𝐫𝐢𝐚𝐛𝐢𝐥𝐢𝐭𝐲 (%)   =   
Wi – Wf

Wi
*100……………….Equation 3.9 

 

Where, Wi = Initial weight of pellets 

Wf = Final weight of the pellets 

Each batch was evaluated in triplicate.                     

3.16.7. Drug Content study 

The accurate quantity of GH ER pellets were weighed and powdered in glass mortar pestle; 20 

mg equivalent weight of GH in pellet powder was accurately weighed and transferred  to a 50 

ml distilled water containing 100 ml volumetric flask. The solution was shaken vigorously for 

complete solubilization of GH. The solution was diluted up to 100 ml using dist. water. The 

final solution was sonicated for three min. for removal of entrapped air. The solution was 

filtered using whatman filter paper, suitably diluted using dist. water only and analysed using 

UV- visible spectrophotometer at 289 nm absorption maxima. (119) 

3.16.8. In-vitro Drug Release Study  
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Dissolution studies for GH pellets were performed in USP dissolution test apparatus II 

(Electrolab, Mumbai, India) at 100 rpm in 900ml distilled water pH 7.0 at 37+0.5 OC. The 

aliquotes of the dissolution medium were withdrawn at fixed interval of time and replaced by 

fresh dissolution medium in order to keep the volume of the dissolution medium as constant. 

The aliquot was filtered through 0.45 µm and the amount of drug was measured at absorption 

maxima of 289 nm using UV-visible spectrophotometer. The dissolution requirement of 

optimized pellet is as follows: at 2 h drug release should be 40-50%, at 6 h it was between 70-

80% and at 10 h it should not be less than 85 % (50, 119).  

3.16.9. In vitro drug release kinetic study 

Model Independent Approach: 

Similarity and Dissimilarity Factor: 

The similarity factor (f2) is approved by FDA to relate the dissolution profile of the test 

formulation to that of the standard formulation. The range of f2 value varied from 50 to 100. 

The value more than 50 indicates the similarity between two dissolution profiles whereas the 

value less than 50 indicates the dissimilarity between two dissolution profiles. 

The dissimilarity factor f1 is also used to compare the dissolution profile of test product to that 

of the standard product. The range of the f1 value varied from 1 to 15. The value more than 15 

shows the similarity between two profiles while value less than 15 indicate the dissimilarity 

between two profile (120). The f2 and f1 was calculated from the following equation: 

f1=  
∑ |𝑅𝑗−𝑇𝑗|𝑛

𝑗=1

∑ 𝑅𝑗𝑛
𝑗=1

 × 100 ………………………. (Equation 3.10) 

f2= 50 × 𝑙𝑜𝑔 {[1 + (
1

𝑛
) ∑ |𝑅𝑗 − 𝑇𝑗|2𝑛

𝑗=1 ]
−0.5

× 100}………… (Equation 3.11) 

Where n is the sample number, and Rj and Tj are the percentage of the reference and test drug 

release, respectively, at different time interval. 

 

 

Model Dependent Approach: 
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Zero order release: 

Zero order release kinetics refers to the constant drug release from the dosage form 

without depending on the amount of dissolved species. Mainly zero order is shown by osmotic 

drug delivery formulation, transdermal dosage form and number of matrix formulation with 

poorly soluble drug. In its simplest kind of zero order release can be represented as: 

𝑄 = 𝑄0  +  𝐾0𝑡……………….Equation 3.12 

Where, Q is the quantity of drug released or dissolved (assuming that release happens quickly 

after the drug dissolves), Q0 is the initial quantity of drug in solution (it is typically zero), and 

K0 is the zero order release constant. The plot was made: % CDR vs. time (zero order kinetic 

model). (121) 

First order release equation: 

Many time drug release from dosage form show dependence on the concentration 

gradient (i.e. Cs - Ct) between the static liquid layer next to the solid surface and the bulk 

liquid. These issues relate to circumstances in which there is no change in the shape of the 

solid throughout the drug release method (i. e. the surface area remains constant). However, 

for pharmaceutical tablets, disintegration happens throughout the dissolution process and the 

surface area produced consequently fluctuates with time. The plot made: log % CDR vs. time 

(first order kinetic model) and described by the following equation, 

ln (100 − Q) = 𝑙𝑛𝑄0 −  𝐾1𝑡……………….Equation 3.13 

Where, Q = the quantity of drug release at time t, K1= first order release constant 

Higuchi square root of time equation:  

Numbers of the controlled-release products are designed on the mechanism of 

implanting the drug in a porous matrix. Liquid enters the matrix and liquefies the drug, which 

then diffuses into the external liquid. Higuchi tried to narrate the drug release rate to the 

physical constants dependent on basic laws of diffusion. Release rate from both a plane 

surface and a sphere was measured. The analysis recommended that in the case of spherical 

pellets, the time required to release 50% of the drug was usually expected to be 10% of the 

time required to dissolve the last particle of solid drug in the center of the pellet. Higuchi was 

the first to derive an equation to describe the release of a drug from an insoluble matrix as the 

square root of a time-dependent process based on Fickian diffusion. (122, 123) 
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Q = 𝐾𝑡1/2……………….Equation 3.14 

Where, Q = the amount of drug release at time t, K is the Higuchi square root of time release 

constant.    

Korsmeyer and Peppas release mechanism: 

Korsmeyer derived a modest correlation which described drug release from a polymeric 

matrix. To identify the drug release mechanism, first 60% drug release data was fitted in 

Korsmeyer–Peppas model: 

𝑀𝑡

𝑀∞
= 𝐾𝑡𝑛……………….Equation 3.15 

Where, Mt/M∞ is the fractional drug release at time t, K is the rate constant and n is the 

release exponent. The n value is used to characterize different release mechanisms as given 

in table 4.11 for cylindrical shaped matrices. (124–126)  

3.17. Comparison with marketed formulation 

Comparison of dissolution profile of GH formulation of optimized batch with marketed 

formulation was carried out using DD solver. Similarity factor f2 was calculated for the 

comparison of marketed formulation with optimized batch pellets. In-vitro drug release study 

of marketed formulation was carried out at 100 rpm in 900ml distilled water pH 7.0 at 37+0.5 

OC in USP dissolution apparatus II. (127)  

3.18. Stability study of the GH pellets 

Stability study was performed to assess the stability of the GH and optimized batch of GH 

pellets produced by method 1. The study was done as per the guideline given by ICH. 

Accelerated stability study was performed at 45 ˚C and 75 % RH for 6 months. The samples 

were removed after a period of 0, 3 and 6 months from humidity chamber and evaluated for 

their drug content and in vitro release characteristics. (128) 
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3.19. Influence of hydroalcoholic media on drug release: 

The susceptibility of CRDDS when administered with alcohol signifies a recent foremost 

concern of regulatory agencies (54). Concomitant administration of medications and alcohol 

especially ethanol can significantly disturb the drug concentration in blood plasma. This is 

mainly due to the failure of dosage form in the presence of alcohol. Failure of the dosage form 

may be due to the sensitivity of some excipients against alcohol (57). It may also be due to the 

higher or lower solubility of drug in alcohol compared to water. Failure of dosage form means 

initial burst release or dose dumping which leads to toxicity to the patient. 

The Food and Drug Administration (FDA) of United States withdrawn Palladone, an 

extended-release narcotic analgesic capsule of Hydromorphone hydrochloride, from the US 

market. It is mainly due to fatal adverse reactions" occurred in patient due to the higher 

concentration of drug in the plasma(55, 56). Immediately FDA issued an alert on “risks of 

ethanol induced dose dumping from oral sustained/controlled release dosage forms”. 

Misssaghi et al. found that HPMC should not cause dose dumping in the presence of alcoholic 

beverages, even though the textural and rheological properties of the hydrated HPMC may be 

influenced in the presence of ethanol up to 40% v/v(129). Levina et al. found that when the 

HPMC K4 M and K100 M tablets were examined under the hydro-ethanolic media for only 

1h, there was no significant change was observed in the drug release but when exposed to 

hydro-alcoholic media for 12 h, there was significant change in drug release but it was due to 

change in solubility of drug in media and not due to failure of matrices(130). Kozira et al. 

reported that the membrane parameters or normal functions were disturbed by the presence of 

alcohol. It was affecting the swelling index, elasticity and permeability of the cellulose acetate 

membrane which ultimately affect the drug release of the drug from the formulation, but no 

dose dumping was observed (131). Roberts et al. reported the influence of alcoholic media on 

the release of aspirin from HPMC tablets. Ethanol affect the drug release kinetics and 

mechanism of it but did not cause dose dumping (132).  

The aim of the present study was to assess the influence of alcohol on the GH release from the 

optimized formulation of GH ER pellets which was prepared using waxy polymer COM and 

hydrophobic polymer EC.  Varied in vitro conditions were maintained as discussed below. 
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In vitro drug release test was performed using USP apparatus ІІ. The Dissolution medium will 

be 900 ml distilled water and 0% or 10% or 20% or 30% or 40% alcohol maintained at 37 ± 

0.5°C. The Paddle rotation speed will be kept at 100 rpm. In all experiments, an aliquot of 10 

ml dissolution samples will be withdrawn at predetermined time intervals and replaced with an 

equal volume of the fresh medium to maintain total volume constant. Samples will be filtered 

through filter (4.5 µm) and assayed by UV spectrophotometry at 289 nm. (76) 

Alcohol is rapidly absorbed from the gastro-intestinal tract (GIT) and is distributed throughout 

the body fluids. The rate of absorption of alcohol from the GIT may be modified by factors 

such as presence of food, concentration of alcohol, and period of time during which it is 

ingested. It is unlikely, however, for any capsule taken with alcohol (or shortly before or after 

an alcoholic drink) to have a prolonged exposure, i.e., 12 h to the hydroalcoholic media in the 

GIT. (131, 133–135)  

Different scenarios of Distilled water/ethanol exposure were explored in an attempt to 

simulate various in vivo conditions. The different scenarios we investigated were as follows:  

Scenario A: 

Pellets were tested for two tier dissolution test i.e. 1 h in alcoholic media followed by 11 h in 

non-alcoholic media.  

Scenario B: 

Pellets were tested for 12h in hydroalcoholic media for prolong exposure to alcohol.  

 To examine the drug release mechanism in various media, the dissolution data of the 

GH pellets were fitted to following equation:  

𝑀𝑡

𝑀∞
= 𝑄 = 𝐾𝑡𝑛……………….Equation 3.16 

Where, Q is the amount of drug released at time t in percentage, k is a kinetic constant and n is 

the release exponent indicate the mechanism of drug release. The value of n indicates that if 

follows the fickian or non-fickian diffusion.  In-vitro drug release in hydroalcoholic media was 

compared with the normal media profile and similarity factor was calculated. An f2 value 

between 50 and 100 indicates that the two dissolution profiles are similar. 



Material and Method 
 

86 
 

3.20. Prediction of In vivo data from in vitro data using back calculation of 

Wagner Nelson equation 

An in vitro in vivo correlation (IVIVC) compares the in vitro release parameter to that of the in 

vivo parameters of dosage form. For development of IVIVC, convolution and deconvolution 

methods are commonly preferred. Deconvolution utilizes in vivo release profile of the 

formulation and compared with the in vitro drug release profile. So to perform this method, 

clinical study has to do and in vivo data should be available with the scientist. Unlike 

deconvolution, convolution method utilizes the in vitro drug release data of the optimized 

formulation. The method requires lots of expertise in computer and statistics, which is quite 

complex (52, 136). The pharmacokinetic data like Cmax, tmax and AUC are predicted using 

software and compared with the actual reported values. It requires very simple PK data 

compared to deconvolution method. So, convolution technique is preferred over deconvolution 

for the formulation scientist (37, 53, 137). 

In vivo data is predicted from the in vitro data of optimized batch by the use of back 

calculation of Wagner Nelson Method.(66) The derived equation of Back calculation Wagner 

Nelson is as follows: 

……………….Equation 3.17 

Where, 

Ct+1 = Predicted Plasma Concentration at time t+1 

D = Dose of drug administered  

Vd = Apparent volume of distribution 

Ct = Plasma Concentration at time t 

ΔF = Fraction of dose absorbed 

Δt = Time interval between t and t+1 

Ke = Elimination rate constant of the drug. 
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3.21. Validation of IVIVC model 

All IVIVCs should be studied regarding internal predictability. Percentage prediction error (% 

PE) was calculated for each pharmacokinetic parameter. Predicted value was compared with 

the standard value. % PE should not be more than 15%.(63)  

3.22. Method 2 of pellet formulation (Extrusion- spheronization) 

The drug and the excipients except pregelatinized starch were blended. COM and EC were 

dissolved in a blend of isopropyl alcohol and dichloromethane (1:1). The solution was added 

to the above powder blend to get wet coherent mass. The mass was transferred to the feeder 

and extruded through a mono-screw extruder with a die plate of 1 mm diameter (Chronimach 

India Pvt. Ltd., Ahmedabad, India) at a constant screw speed of 30 rpm. The extrudates were 

sprinkled with pregelatinized starch to strengthen them and also to get maximum yield of 

pellets of required size. Then extrudates were spheronized using a spheronizer (Chronimach 

India Pvt. Ltd., Ahmedabad, India).  Spheronization was carried out at 1500 rpm for 10 

minutes at room temperatures. A radial plate spheronizer with a plate width of 45 cm was 

employed. The wet pellets were dried in a hot air oven at 40°C for 1 h. Finally, the pellets 

were passed through a 16–22 mesh and then stored in sealed glass bottles. 

The schematic diagram is shown in Fig. 3.5 

 

FIGURE 3. 5: Modified extrusion spheronization method using extruder spheronizer (Method - 2) 

Powder blend 
+ solution of 
Compritol 

and EC

Extrusion for 
formation of 
extrudates

Sprinkling of 
PGS

Conversion 
into small 
extrudes

Spheronizatio
n

• Increases yield of required 

size,  

• Improvement in physical 
properties of pellets,  

• Better control on drug release 

and therefore better BA 

Benefits 

New 

inventing 

Step 



Material and Method 
 

88 
 

3.23. Development of GH pellets employing QbD approach in method 2 

Quality by design approach was again applied using the same sequential steps. Qualitative risk 

analysis was performed to identify the prospectively significant factors using failure mode 

effect analysis (FMEA). Optimization of formulation was carried out using Central composite 

design (CCD). The amount of COM and EC were scrutinized as independent variables while 

Cumulative % drug release at 2, 6, and 10 h were selected as dependent variables. Thirteen 

batches were prepared. 22 factorial points, four star points and five replicates at the centre 

point. Polynomial equation was constructed using Design Expert software. Response surface 

plot and contour plots were drawn. The coded and actual level of independent variables used 

for CCD and desired limits of responses (Dependent variable) to be measured is shown in 

Table 3.11. The block design of CCD and composition of thirteen batches are shown in Table 

3.12 and 3.13 respectively. 

TABLE 3. 11: Coded and actual level of independent variables used for Central Composite Design and 

Responses (Dependent variable) to be measured -Method 2 

Variables Symbol 

Xi 

Coded values 

-1.414 -1 0 1 1.414 

Concentration of COM (%) X1 4.36 10 15 20 25.63 

Concentration of Ethocel (%) X2 4.36 10 15 20 25.63 

Responses to be studied 

Response Y Acceptable range 

Y1 =Drug release at 2 h (% CDR) 40-50% 

Y2 = Drug release at 6 h (% CDR) 70-80% 

Y3 = Drug release at 10 h (% CDR) NLT 85% 

 

TABLE 3. 12: Block design of Method 2 

Batch X1 X2 

G 1 -1.00 -1.00 

G2 1.00 -1.00 

G 3 -1.00 1.00 

G 4 1.00 1.00 

G 5 -1.41 0.00 
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TABLE 3. 13: Formulation of GH pellets using method 2 

Batch GH (g) Amount of 

COM (g) 

Amount of 

Ethocel (g) 

Pregelatinized 

Starch (g) 

IPA: 

DCM 

Avicel PH 

101 (g) 

G 1 1.6 2 2 0.4 1:1 14 

G2 1.6 4 2 0.4 1:1 12 

G 3 1.6 2 4 0.4 1:1 12 

G 4 1.6 4 4 0.4 1:1 10 

G 5 1.6 0.87 3 0.4 1:1 14.13 

G 6 1.6 5.12 3 0.4 1:1 9.88 

G 7 1.6 3 0.87 0.4 1:1 14.13 

G 8 1.6 3 5.12 0.4 1:1 9.88 

G 9 1.6 3 3 0.4 1:1 12 

G 10 1.6 3 3 0.4 1:1 12 

G 11 1.6 3 3 0.4 1:1 12 

G 12 1.6 3 3 0.4 1:1 12 

G 13 1.6 3 3 0.4 1:1 12 

Batch size = 20g 

Each capsule contains 200 mg pellet eq.to 16 mg GH 

3.24. Characterization of GH methods prepared by method 2 

The pellets were evaluated for different evaluation parameters such as size, shape, flow, % 

yield, % friability, drug content, in vitro drug release and drug release kinetic as discussed 

earlier. Influence of hydroalcoholic media on drug release of optimized formulation was 

assessed. In vivo plasma concentration time profile was predicted from the in vitro drug 

G 6 1.41 0.00 

G 7 0.00 -1.41 

G 8 0.00 1.41 

G 9 0.00 0.00 

G 10 0.00 0.00 

G 11 0.00 0.00 

G 12 0.00 0.00 

G 13 0.00 0.00 
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release data using back calculation of Wagner Nelson equation. Accelerated stability study 

was performed for optimized batch pellet.  

3.25. Comparison of method 1 and method 2 

Method 1 which utilized different laboratory scale easily available instruments was compared 

with the method 2, which utilized extruder spheronizer for the production of pellets of GH. 

The pellets of both the method were compared in terms of flowability, % yield, mechanical 

strength and drug release pattern. Comparison was done to assess the quality of pellets and 

industrial suitability of the method. 

3.26. Validation of innovative step 

The innovative finding of the present research was to sprinkle of pregelatinized starch after the 

extrusion step. The step is validated by preparing additional two batches as shown in Table 

3.14. The first batch was prepared excluding pregelatinized starch in the processing of pellets 

and the second batch was prepared by adding the same amount of PGS in the wet mass 

directly. Both the additional batches were compared with the optimized batch which was 

prepared by sprinkling PGS extragranulary after the extrusion step. All the batches were 

characterized by different evaluation parameters. 

TABLE 3. 14: Formulation of validation batches 

Ingredients Optimized batch 

excluding PGS 

Optimized batch adding 

PGS intragranularly 

Optimized batch 

sprinkling PGS 

extragranularly 

GH 1.6 1.6 
1.6 

COM 3.72 3.72 
3.72 

EC 1.34 1.34 
1.34 

Pregelatinized Starch -- 0.4 
0.4 

Isopropyl alcohol : 

Dichloromethane 
1:1 1:1 

1:1 

Avicel PH 101 12.94 12.94 
1.6 

Batch size = 20g, Each capsule contains 200 mg pellet eq.to 16 mg GH 
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CHAPTER - 4 

RESULTS AND DISCUSSION 

4.1. Determination of melting point 

Melting point was determined using capillary method and the results are depicted in Table 4.1. 

The melting point of GH was found to be in between 280-281 ̊C. From the result, it was 

concluded that the sample of GH is free of impurities as the determined melting point was 

close to the reported value. 

TABLE 4. 1: Melting Point of pure GH 

Melting point Reported in literature( C̊) Melting point observed ( ̊C) 

279-280 280-281 

4.2. Spectrophotometric method for estimation of GH 

Calibration curve was taken in distilled water using UV Spectrophotometer (UV – 1800, 

Shimadzu Corporation, India). GH showed its maximum absorbance at 289 nm. It followed 

Beer’s law between the concentration range of 20 - 100μg/ml. Linear regression of absorbance 

on concentration is expressed by an equation y = 0.008x + 0.001 with r2 value of 0.9996 in 
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Table 4.2 and Table 4.3 depict the absorbance and the analytical parameters of GH in dist. 

water. Fig 4.1, 4.2 and 4.3 shows calibration curve. Residual normal plot of UV spectra 

showed that all the data were within the 95% confidence interval. 

TABLE 4. 2: Spectrophotometric estimation of GH in distilled water 

Concentr

ation 

(µg/ml) 

Absorbance Average 

Absorbance 

Standard 

deviation 

Predicted 

Absorbance (λ 

max=289) 
LIN I LIN II LIN III 

0 0 0 0 0 0 0 

20 0.148 0.152 0.160 0.153 0.004 0.160 

40 0.325 0.328 0.335 0.329 0.004 0.320 

60 0.475 0.480 0.491 0.482 0.006 0.479 

80 0.637 0.640 0.647 0.641 0.004 0.639 

100 0.787 0.790 0.804 0.793 0.007 0.798 

TABLE 4. 3: Summary output of calibration curve 

Summary output 

Regression Statistics  Standard Error 0.00004 

Multiple R Square 0.9998 Slope 0.008 

R Square 0.9996 Intercept 0.001 

Adjusted R Square 0.9995 Confidence Interval (95 

%) for Intercept 

Upper 0.041 

Lower -0.036 

Equation of the line  y = 0.008x + 0.001 
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FIGURE 4. 1: Calibration curve of GH in water 

 

FIGURE 4. 2: Residual plot for calibration curve by Minitab 
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FIGURE 4. 3: UV spectra of GH in water 

4.3. Drug Identification by DSC study 

DSC thermogram of pure GH is shown in Fig. 4.4. The DSC thermogram of GH showed a 

sharp single endothermic peak at 280°C conforming to its melting point. The purity of drug is 

ascertained, if impurity is present in the sample, the melting point is lowered. 

 

FIGURE 4. 4: DSC Spectra of GH 
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4.4. Drug identification by FTIR study 

Frequencies of principle peaks of functional groups in IR spectra of GH are shown in Fig. 4.5 

as well as Table 4.4. It may be concluded that the sample of the drug is pure. 

 

FIGURE 4. 5: FTIR Spectra of GH 

TABLE 4. 4: Comparison of actual and reported peaks by FTIR 

Group Reported Peak (cm-1) Actual Peak (cm-1) 

O-H Hydroxyl 3559.95, 3440.06 3550-3200 

C-H Alkane 2924.52 2950-2850 

C=C Aromatic 1624.29 1700-1500 

C-H Aromatic (Bending) 807.18 860-806 

C-H Aromatic (Stretch) 3021.84 3030 

C-Br Bromide 563.69 750-500 
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4.5. Drug excipient compatibility studies 

4.5.1. DSC study (Differential Scanning Calorimetry) 

DSC thermograms of GH, COM and physical mixture of drug and excipients (GH + COM) are 

presented in Fig. 4.6, 4.7 and 4.8 respectively. The overlay spectrum of GH, COM and 

mixture of GH and COM is shown in Fig. 4.9. DSC thermogram of GH exhibited a single 

sharp endothermic peak at 278.80°C corresponding to its melting point. The thermogram of 

the physical mixture exhibited the specific endothermic peak at 278.46°C and it is close to the 

melting point of GH which indicates the compatibility between the components present in the 

physical mixture. 

 

FIGURE 4. 6: DSC Spectra of GH 
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FIGURE 4. 7: DSC Spectra of COM 

 

FIGURE 4. 8: DSC Spectra of mixture of GH and COM 
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FIGURE 4. 9: Overlay DSC Spectra of GH, COM and Mixture 

4.5.2. FTIR study (Fourier transform infra-red) 

FTIR spectra of GH, COM, EC and physical mixture of GH, COM and EC are shown in Fig. 

4.10, Fig. 4.11, 4.12 and 4.13 respectively. Frequencies of principle peaks in IR spectra of 

physical mixture of drug with other excipients (COM and EC) were nearly similar to the 

frequency of principle peaks present in IR spectra of pure drug (Fig. 4.14). The frequencies 

are also depicted in in Table 4.5.  It proves that the peaks of prominent functional groups in 

the physical mixture were not altered as compared to that of the pure drug. Hence, the 

formulation was devoid of any incompatibility between drug substance and utilized excipients. 

TABLE 4. 5: Comparison of frequencies of physical mixtures with pure drug 

Group Actual Peaks of GH 

(cm-1) 

Reported peaks of GH 

(cm-1) 

Actual Peaks of GH 

in mixture (cm-1) 

O-H Hydroxyl 3559.95, 3440.06 3550-3200 3559.38, 3453.24 

C-H Alkane 2924.52 2950-2850 2918.55 
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C=C Aromatic 1624.29 1700-1500 1624.35 

C-H Aromatic (Bending) 807.18 860-806 807.06 

C-H Aromatic (Stretch) 3021.84 3030 3020.18 

C-Br Bromide 563.69 750-500 563.80 

 

FIGURE 4. 10: FTIR Spectra of GH 

 

FIGURE 4. 11: FTIR Spectra of COM 
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FIGURE 4. 12: FTIR Spectra of EC 

 

FIGURE 4. 13: FTIR Spectra of mixture of GH, COM and EC 
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FIGURE 4. 14: Overlay FTIR Spectra of drug, polymers and mixture of drug and polymers 

4.6. Screening of extrusion-spheronization aid 

Screening of Extrusion-spheronization aid was performed on the basis of flowability, 

sphericity, compressibility and pellet size. Avicel pH 101, Avicel pH 102, microcrystalline 

cellulose, sodium alginate, colloidal silicon dioxide, lactose, starch 1500 were used as 

extrusion-spheronization aids for formulation of pellets. Amongst all these, Avicel pH101 

showed excellent flow property, compressibility, sphericity and desired particle size (Table 

4.6). 

TABLE 4. 6: Screening of Extruder Spheronizer aid 

Batches Carr's Index Hausner's Ratio Angle of repose Flowability Pellet size Shape 

B 1 36.35±2.29 1.57±0.05 33.15±1.31 Passable 0.5±0.08 Not defined 

B 2 35.72±4.46 1.56±0.10 35.35±0.25 Very Poor 0.26±0.023 Not defined 

B 3 20.09±3.46 1.25±0.05 27.66±0.77 Good 0.76±0.04 Oval 

B 4 20.34±2.25 1.25±1.25 28.33±0.47 Good 1.5±0.08 
Spherical + 

Oval 
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B 5 6.84±0.42 1.073±0.004 18.66±0.94 Excellent 0.93±0.47 Spherical 

B 6 16.94±2.55 1.20±.036 25.33±0.94 Good 1.31±0.023 
Spherical + 

Oval 

B 7 18.38±0.51 1.22±0.007 24.33±0.47 Good 1.43±0.04 Oval 

4.7. Evaluation of preliminary batches 

Initially two batches were formulated to assess the effectiveness of new method. Batch B8 was 

prepared excluding the step of sprinkling of PGS on extrudes. Batch B9 was formulated 

incorporating the PGS extagranularly. Improved mechanical strength, better control on pellet 

size and its distribution, better flow property and high yield were observed with the batch B8 

compared to batch B9. So, the use of PGS after extrusion step was beneficial for the 

preparation of better quality of pellets. The results were depicted in Table 4.7. 

TABLE 4. 7: Evaluation of first two preliminary batch 

Parameter  Batch B8 Batch B9 

Carr’s index (%) 17.30±0.46 11.54±0.30 

Hausner’s ratio 1.21±0.006 1.13±0.003 

Angle of Repose 30±2.16 25.89±0.22 

Shape Non spherical Spherical 

Average Particle size (μm) 0.43±0.012 0.75±0.09 

Further, Preliminary batches of GH with Aviecel pH 101 as an extruder aid, COM ATO 8000 

and or EC as release retardant were prepared using modified pellatization technique. 

Pregelatinized Starch was used to strengthen pellets. Pellets were evaluated for different 

parameters like micromeritic property, friability, flowability, compressibility, pellet size and 

shape, in-vitro drug release and drug release kinetic. 

The Carr’s index of different batches of pellets was found to be in the range of 14.73-19.55 

which indicated good flow property. Angle of repose is characteristic to predict the flow rate 

of powder. Angle of repose of pellets was found to be in the range of 28.03 – 32.23˚, which 

indicated good flow property. Hausner’s ratio was found to be in the range of 1.17-1.21, which 
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indicated good flow property. For the good flow property, the shape of pellet should be 

spherical. The shape of the pellets was spherical in all the batches. The pellet size of all the 

batches was in the range of 0.84 to 1.04 µm. The desired size range of pellet was 0.8 to 1.2 

µm. The friability of all the batches was found less than 1 % in the range of 0.39 to 0.53.  For 

the commercial point of view, % yield is an important parameter. If it is high, automatically 

the production cost will be decreased. For % yield, pellets in the range of 0.8 to 1.2 µm were 

considered. The % yield of all the batches was found in between of 89.37- 96.28 %. Drug 

Content of all the batches was found in the range of 95.55 to 99.93%. The results are shown in 

Table 4.8. 

TABLE 4. 8: Evaluation of preliminary batches 

Parameter 
B 10 B 11 B 12 B 13 B 14 

Angle of 

repose (˚) 29.05±0.02 28.03±0.04 32.23±0.4 28.22±0.12 29.05±0.12 

Carr's Index 

(%) 17.36±0.03 18.36±0.06 18.36±0.001 19.55±0.005 14.73±0.005 

Hausner's 

Ratio 1.21±0.01 1.2±0.01 1.2±0.01 1.2±0.02 1.17±0.005 

% Friability 
0.39±0.001 0.53±0.02 0.39±0.04 0.5±0.02 0.44±0.002 

Average 

Pellet size 

(mm) 
0.94±0.005 0.91±0.02 0.98±0.004 1.04±0.07 0.87±0.01 

Shape 
Spherical Spherical Spherical Spherical Spherical 

% yield 
94.24±0.02 96.28±0.003 93.27±0.002 90.20±0.02 89.37±0.02 

Drug Content 

(%) 95.55± 0.2 99.02±0.02 98.54±0.1 98.47±0.01 99.93±0.2 

The release of the drug was influenced by the amount of COM and EC (Fig. 4.15). As both the 

excipients are hydrophobic, release of drug was retarded. By using COM alone desired drug 

release was not achieved. The desired criterions for the % drug release are given in the Table 

4.9. The inactive ingredient database (IIG) limit for the COM is only 50 mg/day (IIG Limit). 

Five percentages EC was used in first three batches i.e. B10, B11 and B12. To get more drug 

retardation, in last two batches B13 and B 14, 10 % and 15 % EC was used respectively. All 
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the batches showed zero order drug release. The n value of the Korsmeyer-Peppas model was 

found in the range of 0.502 to 0.604, which indicate non-fickian diffusion (Table 4. 10). 

TABLE 4. 9: USP criterion for GH ER capsule 

Drug release Amount Dissolved 

Drug release at 2 h 40-50% 

Drug release at 6 h 70-80% 

Drug release at 10 h NLT 85% 

 

FIGURE 4. 15: In Vitro drug release of preliminary batches 

TABLE 4. 10: Drug release kinetic of preliminary batches 

Formulations 

order 

 
B 10 B 11 B 12 B 13 B 14 

Marketed 

Product 

Zero order r2 0.9865 0.9973 0.998 0.9954 0.9933 0.9428 

First order r2 0.8478 0.8746 0.8990 0.9462 0.9698 0.8100 

Higuchi r2 0.8979 0.9732 0.9828 0.9944 0.9960 0.9912 

Korsmeyer-

Peppas 
r2 0.96667 0.9994 0.9991 0.9959 0.9971 0.9332 
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n value 0.502 0.583 0.566 0.584 0.604 0.512 

Hixon- crowell r2 0.9865 0.9978 0.9879 0.9961 0.9950 0.9852 

From the above results, COM and EC, both were selected as controlled release excipients for 

further study. 

4.8. Quality by Design approach 

4.8.1. Quality Target Product Profile for the GH ER Pellet   

The quality target product profile (QTPP) defines the design criteria for the product, and 

should therefore form the foundation for determining the critical quality attributes (CQAs), 

critical process parameters (CPPs), and critical material attributes (CMAs). The first step is to 

define the QTPP, i.e., decide what you want the product to do, the type of dosage form and 

manufacturing method. The desired QTPP depends upon scientific and nonscientific 

considerations. Considering the clinical and PK characteristics of marketed product, given in 

the product label as well as the in vitro drug release and physicochemical characteristics of the 

branded drug, QTPPs were defined (43, 104). The QTPP elements are mentioned in the Table 

4.11 with their justification for the selection of QTPP. 

TABLE 4. 11: QTPP of GH ER Pellet 

QTPP Element Target Justification 

Dosage form 
Extended Release Pellet 

Pharmaceutical equivalence requirement: 

Same dosage form 

Route of administration Oral 
Same route of administration as that of the 

marketed dosage form 

Dosage strength 
16 mg 

Same strength of dosage form as a regulatory 

requirement 

Pharmacokinetics 
Cmax: 42.3 ng/ml 

Tmax: 1.9 h 

Should attain the maximum plasma 

concentration in first two hour and then 

maintain the therapeutic level up to 12 h 
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AUC: 277 ng/ml h 

Stability 2 years of shelf-life Equivalent to marketed formulation 

Drug product quality 

attributes 
Physical attributes 

Pharmaceutical equivalence requirement: 

Meeting the same compendia or other 

applicable (quality) standards (i.e., identity, 

assay, purity, and quality) 

 
Friability 

 
Assay 

 
Content Uniformity 

 
Residual Solvents 

 
Drug Release 

 
Degradation product 

 
Microbial limits 

 
In vitro drug release 

Drug released at second hour = 40-50% 

Drug released at sixth hour = 70-80% 

Drug released at tenth hour = NLT 85% 

Table 4.11 summarizes the quality attributes of GH ER Pellet and indicates which attributes 

were classified as drug product CQAs. For pellets, physical attributes (pellet size and size 

distribution, micromeritic property), friability, assay, content uniformity and drug release 

(whole capsule and alcohol-induced dose dumping) were investigated and discussed in detail 

in subsequent formulation and process development studies. 

4.8.2. Critical Quality Attributes (CQAs) of GH ER pellet 

The desired quality attributes define the objectives for formulation and process design; 

however, the CQAs are also mainly reliant upon the type of dosage form, formulation and 

elected manufacturing method. For example, it is possible that if the drug has a good stability 

profile, then wet granulation and dry granulation via roller compaction could produce 
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equivalent granules for an immediate-release tablet, but the CQA could be very different for 

the two processes. Thus, before beginning to identify the CQAs, some feasibility studies need 

to be performed to determine the dosage form type, lead formulation, and unit operations that 

make up the manufacturing process. Unfortunately, for solid oral dosage forms, there are no 

first principle models that can be used to design a dosage form a priory. Consequently, 

formulation normally depends on experiential previous knowledge, small-scale feasibility 

studies and empirical statistical studies.  

All the quality attributes were discussed here as shown in Table 4.12 and identified weather it 

is a critical quality attributes or not.  

TABLE 4. 12: Identification of CQAs 

Quality Attributes 

GH ER pellets 

 Goal Is it 

critical? 

Explanation 

Physical Attributes Appearance Colour, shape and 

appearance should be 

suitable to patient 

No Colour, shape and appearance 

are not affecting the product 

safety and efficacy. So, 

considered as non-significant 

 Odour No unpleasant odour No GH and other excipient do not 

have unpleasant odour or bitter 

taste. Odour is not affecting the 

safety and efficacy of the 

product 

 Size 0.8 to 1.2 mm Yes Pellet size correlate to 

micromeritic property so it is 

critical. 

 Micromeritic 

property 

Excellent flow ability 

and compressibility 
Yes It will affect the processing of 

formulation and also affect 

weight variation and content 

uniformity. 

Friability  Should be less than 

one 
No Limit should be as per 

pharmacopoeial specification. 

Friability is not affecting the 

safety and efficacy of the drug. 

Identification  Positive for GH Yes* It should be controlled 

throughout the process and up to 
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expiry date. It will affect the 

drug release and ultimately 

safety and efficacy. 

Assay 

(whole capsule) 

 100.0% of label claim Yes Inconsistency in assay will affect 

safety and efficacy; 

consequently, assay is 

considered critical  

Content Uniformity 

 

 Should be in the range 

of 95 – 105% 
Yes Variation in content uniformity 

affect the drug release leads to 

affect safety and efficacy of the 

product; considered as 

significant 

Drug Release 

 

 Similar drug release to 

marketed formulation: 

f2> 50 

 

Yes One of the most critical factor as 

it significantly affect the safety 

and efficacy of the product 

 

 Alcohol-induced 

dose dumping 

 

Should give the same 

drug release in 5 – 

40% alcoholic media 
to that of the non-

alcoholic media; 

required for USFDA 

submission 

Yes In the presence of alcohol, 

extended release product show 

dose dumping due to the failure 
of dosage form. So, it is 

necessary to check the effect of 

alcohol on drug release as  it 

directly linked to the safety and 

efficacy of the product. 

 

4.8.3. Identification of Critical Process Parameters (CPPs) and Critical Material 

Attributes (CMAs) 

The study was performed to recognize the critical material or process parameters for modified 

extrusion spheronization method using extruder spheronizer. Ishikawa diagram was drawn to 

create the potential cause-effect correlation between the product and process variables. 

Considering the previous technical knowledge and preliminary studies, physical 

characteristics, flow properties and drug release were considered as critical quality attributes 

of GH ER pellets as these variables was likely to affect the final properties of the pellets. The 

variables that might be affect the final quality of the pellets are shown in Fig. 4.16. 
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FIGURE 4. 16: Ishikawa diagram (Method 1) 

4.9. Risk assessment analysis 

Risk analysis was performed by failure mode effect analysis to identify the prospectively 

significant variables which will affect the drug release and quality of pellets.  A fishbone 

diagram, as shown in Fig. 4.16, was constructed in accordance with ICH Q8 R2 guideline, to 

identify a preliminary list of possible high risk variables that might influence the superiority of 

the GH loaded pellets. Six main causes (material, man, measurement, environment, machine 

and process factors) were identified. All the factors except material and process had non-

significant effect as all research work done under standard conditions which were fixed by 

preliminary trials. Risk Priority Number (RPN) was calculated based on occurrence, severity 

and detectability. The factors which has high impact on performance were given high RPN 

score (>60) compared to the other factors having low impact. 

High RPN score was given to concentration of EC and concentration of COM 800 ATO. 

Summary of FMEA analysis is given in Table 4.13 and Fig. 4.17. 
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TABLE 4. 13: Summary of FMEA analysis (Method 1) 

 Failure mode 
Impact of 

change 

Occ

urre

nce 

Route of failure 

Sev

erit

y 

Control 

Measure 

Det

ecti

on 

RPN 
Ra

nk 

Mate

rial 
Conc. of EC 

Dissolution

, Friability 
5 

Different 

Concentration, 

Material 

Variation 

5 
Dissolution, 

Friability tester 
5 125 1 

 Avicel ph 101 
Sphericity 

of Pellet 
4 

Material 

Variation 
1 

Optical 
Microscope, 

Sieve analysis 
3 12 8 

 
Conc. of 

COM 800 

ATO 

Dissolution

, Friability 
5 

Different 

Concentration, 

Material 

Variation 

5 
Dissolution, 

Friability tester 
5 125 1 

 
Conc. of 

Pregelatinized 

starch 

Particle 

size 
3 

Different 

Concentration, 

Material 

Variation 

4 
Size 

determination 
3 36 4 

Envir

onme

nt 

Humidity 
Pellet 

quality 
1 

Change in 

atmospheric 

condition 

1 Hygrometer 1 1 11 

 Pressure No effect 1 

Change in 

atmospheric 

condition 

1 Manometer 1 1 11 

 Temperature 
Pellet 

quality 
1 

Change in 

atmospheric 

condition 

1 Thermometer 1 1 11 

Man Analyst 

Product 

Quality 

Testing 
1 Manual error 1 Audit, SOP 1 1 11 

 Stockiest 
Product 

Quality 
1 Manual error 1 Audit, SOP 1 1 11 

 Retailer 
Product 

Quality 
1 Manual error 1 Audit, SOP 1 1 11 
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 QC Person 

Product 

Quality 

Testing 

1 Manual error 1 Audit, SOP 1 1 11 

 Formulator 
Product 

Quality 
1 Manual error 1 Audit, SOP 1 1 11 

Meas

urem

ent 

Particle size 

and size 

distribution 

Pellet 

quality 
3 

Machine Failure, 

Poor 

Development 

3 

Optical 

Microscope, 

Sieve analysis 

1 9 9 

 In vitro drug 

release 
Dissolution 4 

Machine Failure, 

Poor 

Development 
5 

Dissolution 

tester 
5 100 2 

 
Alcohol 

induced dose 

dumping 

Dissolution 4 

Machine Failure, 

Poor 

Development 
3 

Dissolution 

tester 
3 36 4 

 IVIVC 
Poor 

Prediction 
4 

Machine Failure, 

Poor 

Development 

3 Dissolution 3 36 4 

 Drug release 

kinetics 

Variable 

drug 

release 

4 

Machine Failure, 

Poor 

Development 

3 Dissolution 3 36 4 

 Micromeritic 

Property 

Poor Pellet 

quality 
3 

Machine Failure, 

Poor 

Development 

1 

Carr's Index, 

Angle of 

Repose 

3 9 9 

 Physicochemi

cal Parameter 

Friability, 

Weight 

variation 

3 

Machine Failure, 

Poor 

Development 

1 

Roche 

friabilitor, 

Weight balance 

4 12 8 

Mach

ine 

Dissolution 

apparatus 

Dissolution

, IVIVC 
4 

Manual error, 

failure of 

equipment  
3 Validation 1 12 8 

 
UV 

Spectrophoto

meter 

Drug 

Estimation 
3 

Manual error, 

failure of 

equipment 
3 Validation 1 9 9 

 Pan Coater 
Sphericity 

of Pellet 
3 Manual error, 

failure of 
1 Validation 1 3 10 
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equipment 

 Dryer 
Physical 

Property 
3 

Manual error, 

failure of 

equipment 
1 Validation 1 3 10 

 Mixer 
Content 

uniformity 
3 

Manual error, 
failure of 

equipment 
1 Validation 1 3 10 

 Cutter 
Particle 

size 
3 

Manual error, 

failure of 

equipment 

1 Validation 1 3 10 

Proce

ss 
Sieve Number 

Particle 

size 
3 

Manual error, 

failure of 

equipment 

1 Validation 1 3 10 

 Speed of Pan 

coater 

Sphericity 

of Pellet 
4 

Machine Failure, 

Poor 

Development, 

Manual error 

4 
Automation of 

machine 
3 48 3 

 Drying 

Method 

Non-

uniform 

drying 

3 

Machine Failure, 

Poor 

Development, 

Manual error 

3 
Automation of 

machine 
1 9 9 

 Mixing 

method 

Non-

uniform 

mixing 

3 

Machine Failure, 

Poor 

Development, 

Manual error 

3 
Automation of 

machine 
1 9 9 

 Mixing Time 

and speed 

Non-

uniform 

mixing 
3 

Machine Failure, 

Poor 

Development, 

Manual error 

3 
Automation of 

machine 
3 27 6 

 Drying Temp. 

and Time 

Non-

uniform 

drying 
3 

Machine Failure, 

Poor 

Development, 

Manual error 

3 
Automation of 

machine 
3 27 6 

 
Speed of 

cutter or 

mixer 

Non-

uniform 

particle 

size 

4 

Machine Failure, 

Poor 

Development, 

Manual error 

3 
Automation of 

machine 
2 24 7 
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Load in 

coater and 

mixer 

Sphericity 

of Pellet 
4 

Machine Failure, 

Poor 

Development, 

Manual error 

4 
Automation of 

machine 
2 32 5 

 
Spheronizatio

n time in 

coater 

Sphericity 

of Pellet 
4 

Machine Failure, 

Poor 

Development, 

Manual error 

4 
Automation of 

machine 
2 32 5 

 

FIGURE 4. 17: Summary graph of FMEA analysis (Method 1) 
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4.10. Optimization of critical process parameters of pellet formulation 

The central composite design consisted of thirteen experimental points that included 22 

factorial points, four star points and five replicates at the center point. The CCD is appropriate 

for demonstrating quadratic response surfaces and building second-order polynomial equation 

with Design Expert software (Version 8.0.7.1). The experiment runs with independent factors 

and the experimental responses are presented in Table 4.14. 

Appropriate polynomial equation encompassing the individual main effects and interaction 

effect were carefully chosen based on the calculation of numerous statistical parameters, for 

instance the multiple correlation coefficient (R2), adjusted multiple correlation coefficient 

(adjusted R2) and the predicted residual sum of squares (PRESS). 

Statistically insignificant terms were detected by ANOVA analysis. The elimination of non-

significant terms explaining interactions and quadratic effect further strengthened the model. 

In polynomial equations negative sign indicates the antagonistic effect, while positive sign 

indicates the synergistic effect to the response. 

TABLE 4. 14: Responses of Central Composite Design (Method 1) 

Batch 
X1 X2 Y1 Y2 Y3 

 
  40-50% 70-80% NLT 85% 

G 1 0.00 0.00 43.14 74.47 98.99 

G 2 -1.00 -1.00 56.68 85.59 98.99 

G 3 0.00 0.00 40.30 73.45 91.88 

G 4 0.00 0.00 42.48 74.48 95.53 

G 5 -1.00 1.00 34.53 53.78 70.38 

G 6 0.00 0.00 42.66 72.98 88.91 

G 7 1.41 0.00 36.15 55.94 74.78 

G 8 0.00 1.41 35.83 55.95 74.78 

G 9 0.00 0.00 48.73 74.45 94.17 

G 10 1.00 1.00 40.28 68.88 87.06 

G 11 -1.41 0.00 56.19 83.26 95.56 
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G 12 1.00 -1.00 50.32 73.41 90.07 

G 13 0.00 -1.41 57.14 79.14 98.14 

 

4.10.1. Response Y1 - drug released at second hour 

Multiple regression analysis (MLR) and analysis of variance (ANOVA) were carried out 

employing the Design Expert software to establish relationship between the two independent 

variables (X1 and X2) and the three dependent variables (Y1, Y2 and Y3) in the central 

composite design. The results of MLR (the value of correlation coefficient and the values of 

coefficients) and ANOVA (Fisher’s ratio and P values) are summarized in Table 4.15 for the 

three responses. 

TABLE 4. 15: Results of ANOVA for Method 1 

Factors 
% Drug release at 2h % Drug release at 6h % Drug release at 10h 

 
F 

value 
P value 

Coded 

Coefficie

nt 

F value P value 

Code

d 

Coeffi

cient 

F value P value 

Code

d 

Coeffi

cient 

Model 
6.56 0.0142 43.46 6.24 0.0162 73.97 5.61 0.0215 93.90 

X1 5.33 0.0543 -3.62 4.93 0.0618 -4.46 1.77 0.2255 -2.70 

X2 24.69 0.0016 -7.79 18.49 0.0036 -8.64 15.79 0.0054 -8.08 

X1 X2 1.86 0.2144 3.03 5.76 0.0475 6.82 4.95 0.0614 6.40 

X1
2 0.46 0.5212 1.14 0.64 0.4505 -1.72 3.64 0.0981 -4.16 

X2
2 0.59 0.4671 1.29 1.63 0.2427 -2.75 2.60 0.1511 -3.52 

R2 

Value 
0.9242  0.9168  0.9002  

High value of correlation coefficient (0.9242) indicates a good fit amongst the independent 

factors and Y1. The model is significant (P value = 0.0142). This result clearly reveals that at 

least any one of the selected independent variables has statistically significant influence on the 
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Y1. As the interaction term and the polynomial terms are not statistically significant in nature 

(P > 0.05) for Y1, conclusions can be drawn from the numerical values of the coefficients of 

the main effects. The most significant retardation effect on Y1 was shown by the amount of 

EC (P = 0.0016). This is obvious since EC is practically insoluble in aqueous medium and 

therefore the drug is released by erosion mechanism. Significant change in Y1 can be obtained 

by making slight change in the amount of EC. The amount of COM can also be considered 

significant at P < 0.1. The reason for this occurrence is the hydrophobic nature of COM. The 

contour plot for Y1 is shown in Fig. 4.18 to facilitate understanding by the reader. The contour 

lines are linear in nature since only the main terms (X1 and X2) were found significant for % 

CDR at 2h. The equation in terms of coded factors is: 

Y1=+43.46-3.62*X1-7.79*X2+3.03*X1X2+1.14*X1
2+1.29*X2

2 ………Equation 4.1 

 

FIGURE 4. 18: Normal Plot of residuals of drug Release at 2 h (Y1) (Method 1) 
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FIGURE 4. 19: Contour plot of drug Release at 2 h (Y1) (Method 1) 

 

FIGURE 4. 20: 3D surface plot of drug Release at 2 h (Y1) (Method 1) 
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4.10.2. Response Y2 - drug release at sixth hour 

Response Y2 was significantly affected by the amount of COM and amount of EC. The 

correlation amongst variable X1 and X2 can be explicated by means of response surface plot as 

presented in Fig. 4.21, 4.22 and 4.23. As the concentration of hydrophobic excipients 

increases, the drug release decreases. If, the level of X1 increased from -1 to +1, keeping X2 at 

constant level, the drug release at 6 h was decreased. If the level of X2 increased from -1 to +1, 

keeping X1 at constant level, again the drug release is decreased. 

High value of correlation coefficient (0.9168) indicates a good fit amongst the independent 

factors and % cumulative drug released at 6 h. The model is significant with a P value of 

0.0162. This result clearly indicates that at least any one of the independent factors exhibit 

statistically significant effect on the % drug released at 6 h.  The interaction term is 

statistically significant in nature (P < 0.05) for this response (i.e. % CDR at 6 h). Therefore, 

conclusions cannot be drawn from the numerical values of the coefficients of the main effects. 

In such instances, it is common to draw the conclusions from the contour plot rather the values 

of coefficients. Normal residual plot, 2-D contour plots and 3-D response surface plots are 

presented in Fig. 4.21, 4.22 and 4.23 respectively. These graphs can be used to understand the 

interaction behavior of the factors on the responses.  The contour lines are non-linear in 

nature. The concentration EC and COM showed substantial effect on the drug release at 6 h 

with P < 0.1. The reason cited above for release retardation is also applicable at this sampling 

time. The evolving mathematical equation in un-coded form is shown below: 

Y2 =+73.97-4.46* X1-8.64* X2+6.82* X1 X2-1.72* X1
2-2.75* X2

2 …………..Equation 4.2 
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FIGURE 4. 21: Normal Plot of residuals of drug Release at 6 h (Y2) (Method 1) 

 

FIGURE 4. 22: Contour plot of drug Release at 6 h (Y2) (Method 1) 
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FIGURE 4. 23: 3D surface plot of drug Release at 6 h (Y2) (Method 1) 

4.10.3. Response Y3 - drug released at tenth hour 

High value of correlation coefficient (0.9002) indicates a good fit amongst the independent 

factors and % cumulative drug released at 12 h. The model is significant with a P value of 

0.0215. This result clearly indicates that at least any one of the chosen independent variables 

exhibit statistically significant influence on the % drug released at 12 h.  The data shown in 

Table 4.15 and Fig. 4.25 indicate that the amount of EC has higher drug retardation effect. The 

reason cited above for release retardation is also applicable at this sampling time. Normal 

residual plot, 2-D contour plots and 3-D response surface plots are represented in Fig. 4.24, 

4.25 and 4.26 respectively which were beneficial to understand the interaction effects of the 

variable on the measured responses.  The evolving mathematical equation in un-coded form is 

shown below: 

Y3 = +93.90-2.70* X1-8.08* X2+6.40* X1 X2-4.16* X1
2-3.52* X2

2  ………Equation 4.3 
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FIGURE 4. 24: Normal plot of residuals for response Y3 (Method 1) 

 

FIGURE 4. 25: Contour plot of drug Release at 10 h (Y3) (Method 1) 
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FIGURE 4. 26: 3D surface plot of drug Release at 10 h (Y3) (Method 1) 

4.10.4. Design space and validation of response surface methodology 

An ideal product is one which satisfies the requirements of drug released at 2, 6 and 12 h. In 

order to get idea about the acceptable region within the contour plot, overlaid plot was drawn 

in Design Expert. The design space is displayed in Fig. 4.27. The formulator is free to choose 

any point within the design space.  It is worthwhile to note that FDA requires that the design 

space be clearly defined in ANDA. Optimization was achieved by computing overall 

desirability. The software suggested that when the concentration of COM and EC was 0.82 

and -0.69 (see the square within the overlaid plot), the three requirements met and value of 

desirability was highest 
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FIGURE 4. 27: Overlay Plot (Method 1) 

4.11. Validation of model 

To check the reliability of the evolved mathematical models, responses were checked through 

additional random check point batches covering the entire range of experimental domain. By 

the use of grid search analysis, two batches were selected and responses were predicted by the 

mathematical model.  These two additional batches were prepared and actual responses were 

recorded. Table 4.16 shows the observed values from the experiment and predicted values 

from the equation. Based on the predicted and experiential values of the responses, % PE was 

calculated. The % PE was found in range of 0.19 to 7.27. It should be less than 15% for the 

validation of model. We may conclude that the model has good predictive ability. 
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TABLE 4. 16: Validation of model (Method 1) 

Check point Batches Optimized batch Check-point batch I Check-point batch II 

X1  0.82 (16.4 %) 0.82 (16.4 %) 0.80 (16 %) 

X2 -0.69 (6.90 %) -0.66 (6.60 %) -0.32 (3.20 %) 

Predicted Y1
 (%) 45.31 45.55 43.14 

Observed Y1
 (%) 46.25 43.29 46.12 

% Error 2.032 5.22 6.46 

Predicted Y2 (%) 70 70 70 

Observed Y2
 (%) 70.14 65.25 66.67 

% Error 0.19 7.27 4.99 

Predicted Y3
 (%) 89.26 89.23 89.62 

Observed Y3
 (%) 89.59 85.29 87.14 

% Error 0.36 4.61 2.84 

From these results, it is obvious that the two factors contributed in determining the % drug 

release from multiparticulate dosage form. 

4.12. Characterization of pellet 

4.12.1. Shape analysis 

The Sphericity of pellets was assessed through an image analysis system, which was 

calculated from derived parameters employing the captured photograph of pellets, from a 

microscope. Total thirty pellets, from each batch, were evaluated for aspect ratio. The longest 

feret diameter over the feret diameter perpendicular to the longest is called as aspect ratio. The 

aspect ratio for the perfectly round pellet should be less than 1.2 while for the non-spherical it 

would be more than 1.2. The aspect ratio values of all the batches were found <1.2, except 

Batch G2, G11 and G13, Table 4.17 shows the results. The batches having dumbbell or oval 

shape were having aspect ratio more than 1.2. The values of aspect ratio of G2, G11 and G13 

were found to be > 1.2 due to lower amount of COM and / or EC. The aspect ratio of 
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optimized batch was 1.01.  Loading of extrudates, amount of binder solution, spheronization 

time and speed and concentration of excipients had a great influence over the pellet shape.  

TABLE 4. 17: Shape analysis and aspect ratio of pellets (Method 1) 

Batch 
Aspect Ratio Shape 

G 1 
1.022±0.20 Spherical 

G 2 
1.316±0.25 Spherical+ Oval 

G 3 
1.011±0.40 Spherical 

G 4 
0.989±0.10 Spherical 

G 5 
1.100±0.12 Spherical 

G 6 
1.011±0.20 Spherical 

G 7 
0.889±0.24 Spherical 

G 8 
0.908±0.36 Spherical 

G 9 
1.021±0.30 Spherical 

G 10 
1.021±0.40 Spherical 

G 11 
1.340±0.46 Spherical+ Oval 

G 12 
0.909±0.35 Spherical 

G 13 
1.245±0.20 Spherical+ Oval 

Optimum Batch 
1.01±0.50 Spherical 

4.12.2. Size of the GH pellets 

Formulated pellets were subjected to size determination study and are represented in chart for 

better comparison (Fig. 4.28).  Batches with pellet size falling in the range of 0.8-1.2 mm were 

considered in the study and as from the resulted values. All the batches prepared after applying 

DoE were having the average size in the required range as depicted in Fig. 4.28 and Table 

4.18. 

The values of pellet size of G2, G11 and G13 were found to be high as compared to other 

batches due to lower concentration of COM and or EC. On the other hand, batch G7, G8 and 

G10 which contain high amount of excipients showed less pellet size. The pellet size of 

optimized batch was found to be 1.01.  Size of the pellets was mainly influenced by orifice 
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diameter of extruder. One mm diameter plate was used for extrusion process, which yielded 

maximum pellets in the ranged between 0.8-1.2 mm. The spheronization time and load of 

extrudates also influenced the size of pellets. The spheronization time (10 min) and load of 

extrudates (10 g) were kept constant during formulation of all batches. Yield of all the batches 

ranging in 0.8 to 1.2 were very high in the range of 85 to 97 %. 

TABLE 4. 18: Pellet size and size distribution (Method 1) 

Batch Pellet Size 

G 1 1.03±0.02 

G2 1.13±0.01 

G 3 0.99±0.01 

G 4 1.03±0.01 

G 5 1.04±0.05 

G 6 1.05±0.004 

G 7 0.88±0.004 

G 8 0.88±0.04 

G 9 1.07±0.09 

G 10 0.90±0.02 

G 11 1.17±0.009 

G 12 1.04±0.11 

G 13 1.20±0.09 

Optimum Batch 1.01±0.03 
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FIGURE 4. 28: Average Pellet size of design batches (Method 1) 

4.12.3. % Yield of GH pellets – method 1 

The yield of the pellets was very high i.e. more than 90% in each batch. The results are shown 

in Table 4.19. The yield was calculated mainly of the pellets which had the size between 0.8 to 

1.2 mm. The high yield was obtained mainly due to the effect of PGS which was sprinkled 

before the spheronization step. 

TABLE 4. 19: % yield of the pellets (Method 1) 

Batch % Yield (%) 

G 1 97.00±0.81 

G2 97.33±0.94 

G 3 98.66±0.84 

G 4 98.5±0.40 

G 5 98.33±0.62 

G 6 96.33±0.47 

G 7 97.33±0.23 

G 8 97.16±0.84 

G 9 96.83±0.23 

G 10 96.83±1.24 

G 11 98.00±1.41 
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G 12 97.16±1.43 

G 13 97.66±1.02 

Optimum Batch 99.24±1.20 

4.12.4. Surface analysis 

From the SEM images as shown in Fig. 4.29, the pellets of the optimized batch were found to 

be spherical which with an average size of 863.10 µm. The surface of the pellets were found to 

be smooth. It may be due to the effect of pregelatinized starch. 

 

FIGURE 4. 29: SEM image of optimized batch pellet (Method 1) 

4.12.5. Micromeritic Property 

The foremost property of pellets should be their free flowing ability. Uniform flow is 

necessary to facilitate manufacturing and reduce variation and content uniformity. Flow 

properties are the significant importance in the development and manufacturing of oral solid 

dosage form. The Carr’s index and Hausner’s ratio of GH pellets varied from 6.6 to 7.14 and 

1.06 to 1.07 respectively. The results indicate the excellent flowability of pellets. The angle of 
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repose of pellets was observed between 15 to 20º, which also indicates good flow property. 

The micromeritic properties of pellet are represented in Table 4.20.  

TABLE 4. 20: Micromeritic Property of GH pellets (Method 1) 

Batch Carr's Index Hausner's Ratio Angle of repose Flowability 

G 1 6.82±0.20 1.073±0.02 19.33±0.94 Excellent 

G2 7.14±0.20 1.075±0.002 17.00±0.47 Excellent 

G 3 6.38±0.19 1.068±0.002 18.07±0.66 Excellent 

G 4 6.82±0.22 1.073±0.002 18.66±0.47 Excellent 

G 5 6.40±0.22 1.073±0.002 18.86±0.83 Excellent 

G 6 6.82±0.36 1.068±0.004 17.00±0.27 Excellent 

G 7 6.52±0.19 1.069±0.002 18.33±0.47 Excellent 

G 8 6.82±0.22 1.073±0.002 17.66±.47 Excellent 

G 9 6.84±.42 1.073±.004 19.33±0.94 Excellent 

G 10 6.84±0.42 1.073±0.004 17.33±0.94 Excellent 

G 11 6.52±0.19 1.069±0.002 19.00±0.81 Excellent 

G 12 6.29±0.52 1.067±0.005 15.66±0.47 Excellent 

G 13 6.26±0.32 1.066±0.003 19.60±0.43 Excellent 

Optimum Batch 5.77±0.15 1.061±0.001 18.33±0.47 Excellent 

4.12.6. Friability of pellets 

The friability shows the capability of pellets to resist the shear forces during handling and 

processing. All thirteen batches of pellets were exhibited better mechanical strength, as shown 

by their friability results. Friability of all thirteen batches was found less than 1 %. It varied 

from 0.05- 0.49 %. Table 4.21 shows the outcome of friability study. 

TABLE 4. 21: Friability of GH Pellets (Method 1) 

Batch 
% Friability 

G 1 
0.49±0.13 

G2 
0.41±0.20 

G 3 
0.22±0.11 

G 4 
0.23±0.11 

G 5 
0.09±0.07 
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G 6 
0.26±0.11 

G 7 
0.41±0.21 

G 8 
0.23±0.07 

G 9 
0.19±0.09 

G 10 
0.11±0.04 

G 11 
0.33±0.02 

G 12 
0.24±0.05 

G 13 
0.05±0.01 

Optimum Batch 
0.05±0.01 

4.12.7. Drug Content study  

Drug content study was carried out for all the thirteen batches. Precisely weighed pellets 

equivalent to 20 mg GH were powdered in a dried glass mortar pestle. The powder was 

blended with 100 ml distilled water. The solution was filtered using Whatman filter paper. 

Suitable dilutions of solution were made and examined using UV-VIS spectrophotometer (UV 

– 1800, Shimadzu India) at 289 nm. Drug content of Batch G1 to G13 was between 96-101 % 

w/w, as shown in Table 4.22. Drug content of optimized GH ER pellets was obtained 99.12 

%w/w. 

TABLE 4. 22: Drug Content of GH Pellets (Method 1) 

Batch % Drug Content 

G 1 98.46±0.82 

G2 96.92±0.62 

G 3 96.05±0.93 

G 4 101.53±0.62 

G 5 99.12±0.53 

G 6 100.65±0.62 

G 7 101.09±0.62 

G 8 101.75±0.62 

G 9 100.21±0.31 

G 10 100.21±0.82 

G 11 98.68±0.93 
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G 12 99.12±0.82 

G 13 101.09±0.82 

Optimum Batch 99.12±0.31 

4.12.8. In vitro Drug Release Study: 

In vitro drug release profiles of all GH pellet batches as well as marketed formulation of GH 

and optimized GH pellet are depicted in Table 4.23 and Fig. 4.30. From the dissolution profile, 

it is clearly seen that the drug release was retarded as the amount of both the hydrophobic 

excipients increases. COM has more pronounced hydrophobic property. It is attributed to 

longer fatty acid chain length in behenic acid. The decreased porosity of the pellets leads to 

decrease penetration of water inside the system ultimately reduces the drug release. 

Furthermore, increasing the amount of EC may lead to increase the length of diffusion path 

which additionally reduces the drug release (138).G2, G11 and G 13 batches had shown high 

drug release in initial hour as they contain low amount of COM and EC. Vice versa, Batch G7, 

G8 and G10 containing high amount of COM and EC, showed slow drug release. Optimized 

batch showed 45.30, 73.27 and 85.89% drug release at 2, 6 and 10 h respectively. 

TABLE 4. 23: In vitro drug release of GH pellet (Method 1) 
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FIGURE 4. 30: In vitro drug release of GH pellet (Method 1) 

4.12.9. Drug release kinetic 

The data obtained from in vitro dissolution studies were fitted to zero order, first order, 

Higuchi, Koresemeyer-Peppas equation to find out drug release mechanism from the matrix 

pellets. 

The zero order rate model suggest that the dissolution rate is independent of the concentration 

of dissolved substance. The first order rate model indicates that the dissolution rate is 

dependent on the dissolving substance. The Higuchi model describes the rate of dissolution is 

dependent of the rate of diffusion of water in the insoluble matrix. Korsemeyer - Peppas model 

suggest that the drug release mechanism is either diffusion or erosion. 
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Table 4.44 shows that Higuchi model showed a better fit. The values of release exponent 

ranged from 0.5 to 0.57. It indicates that the drug release mechanism was dominated by both 

diffusion and erosion. It is worthwhile to note that not a single formulation demonstrated first 

order kinetic model.  

The dissolution profile of each batch was compared with the marketed formulation. A value 

more than 50 indicates that their release profiles were quite closer to each other or the 

reference profile. A value less than 50 indicate dissimilarity between optimized batch and 

reference product. The f2 values of all the batches are shown in Table 4.24.  

TABLE 4. 24: In vitro drug release kinetic data of GH Pellet (Method 1) 

Model Zero order First order Higuchi Korsmeyer- Peppas f2 Value 

Batches r2 r2 r2 r2 n Value  

G 1 0.9297 0.8036 0.9774 0.9511 0.55 74.06 

G 2 0.9193 0.8308 0.9772 0.9968 0.52 58.62 

G 3 0.9252 0.8227 0.9820 0.9934 0.52 69.67 

G 4 0.9268 0.8083 0.9824 0.9723 0.48 66.50 

G 5 0.9473 0.8489 0.9894 0.9891 0.50 45.46 

G 6 0.9300 0.8083 0.9831 0.9703 0.59 75.62 

G 7 0.9410 0.8654 0.9903 0.9911 0.50 49.69 

G 8 0.9521 0.8277 0.9933 0.9816 0.57 48.82 

G 9 0.9343 0.8015 0.9866 0.9858 0.48 67.78 

G 10 0.9194 0.7760 0.9754 0.9457 0.53 79.64 

G 11 0.9428 0.8171 0.9888 0.9754 0.54 53.92 

G 12 0.9655 0.8593 0.9916 0.9753 0.53 70.72 

G 13 0.9101 0.7677 0.9708 0.9448 0.52 58.48 

Marketed 

Formulation 
0.9428 0.8100 0.9912 0.9332 0.51 

Reference 

product 

Optimum batch 0.9125 0.7923 0.9764 0.9819 0.56 85.76 

4.13. Comparison with marketed formulation 

Optimized batch from the central composite design was compared with marketed formulation 

(Table 4.25 and Fig. 4.31). A value more than 50 indicates similarity between optimized batch 
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and reference product. Similarity factor, f2 value was found to be 85.76 indicating that the both 

the dissolution profiles were similar to each other.  

TABLE 4. 25: Comparison of optimum batch (Method 1) with marketed formulation  

Time (h) Optimized Batch Marketed Formulation f2 Value 

0 0 0 

 

85.76 

1 24.61±0.76 26.56±0.44 

2 42.46±0.75 45.30±0.75 

3 48.55±0.44 50.80±0.44 

4 59.63±1.17 61.98±0.43 

6 70.82±0.44 73.27±0.77 

8 80.73±1.18 82.50±0.78 

10 85.11±1.62 85.89±0.87 

12 89.53±0.42 89.30±0.44 

 

 

FIGURE 4. 31: Comparison of optimum batch (Method 1) with marketed formulation 
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4.14. Prediction of in vivo plasma concentration–time profile of GH ER 

pellets 

The GH ER pellets were developed and optimized using central composite design. The 

composition of the optimized GH pellets was found to be 19.6% of COM and 6.7% of EC. 

The optimum batch was able to retard the GH release up to 12 h in a controlled manner. The 

% CDR and the quantity of GH released in all interval time were calculated using MS – Excel 

sheet. In vivo plasma concentration, in respect to time, was calculated form the dissolution 

data using back calculation of Wagner – Nelson equation using MS –Excel platform as shown 

in Table 4.26. The predicted plasma concentration –time profile is presented in Fig. 4.32. 

The PK parameters Cmax, Tmax and AUC, predicted from the said method, were found to be 

44.15 ng/mL, 2 h and 280.63 ng/ ml*h for GH pellets as displayed in Table 4.27.  

The % PE of Cmax, Tmax and AUC were calculated to be 4.38, 5.26 and 1.31% for GH ER 

pellets. The % PE should be less than 15% for the individual parameters. The results suggest 

the back calculation of Wagner – Nelson equation is able to calculate the in vivo plasma 

concentration from the dissolution data of the optimized GH ER pellets. The predicted profile 

as shown in Fig. 4.32 also reveals that the GH ER pellets were capable to retard the GH 

release up to 12 h in controlled manner. 

TABLE 4. 26: Prediction of In vivo plasma concentration–time profile from in vitro release data (Method 

1) 

Time 

(h) 

%CDR F ∆F f D Vd Cp K ∆t Cp (t+1) in ng/ml Mean AUC 

0 0.00 0.00 0 0.90 16 203 0 0.087 0 0 0 0 0 

1 24.60938 0.25 0.25 0.90 16 203 0.035 0.087 1 0.017 16.732 8.366 8.37 

2 42.46094 0.42 0.18 0.90 16 203 0.025 0.087 1 0.044 44.152 30.442 30.44 

4 59.63281 0.60 0.17 0.90 16 203 0.024 0.087 2 0.032 32.498 38.325 76.65 

6 70.82813 0.71 0.11 0.90 16 203 0.016 0.087 2 0.028 27.786 30.142 60.28 

8 80.73438 0.81 0.10 0.90 16 203 0.014 0.087 2 0.020 19.818 23.802 47.60 

10 85.11719 0.85 0.04 0.90 16 203 0.006 0.087 2 0.015 14.675 17.246 34.49 

12 89.53906 0.90 0.04 0.90 16 203 0.006 0.087 2 0.008 8.113 11.394 22.79 

                          280.63 
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FIGURE 4. 32: Predicted in vivo plasma concentration time profile from in vitro drug release data 

(Method 1) 

TABLE 4. 27: Predicted and Reported PK parameters of GH Pellet and prediction of error (Method 1) 

Pharmacokinetic parameter FDA Reported Parameter Predicted %PE 

Cmax (ng/ml) 42.3 44.152 4.38 

Tmax (h) 1.9 2 5.26 

AUC (ng/ml . h) 277 280.63 1.31 

4.15. Impact of alcoholic media on GH release from pellets 

The optimized GH ER pellets were exposed to hydroalcoholic media to evaluate the 

robustness of formulation. The dissolution profile of GH pellets, in two tier test and extreme 

condition to the alcoholic media, are shown in Fig. 4.33 and 4.34 respectively. The numerical 

data are shown in Table 4.28 and 4.29, respectively. The results point out that the GH ER 

pellets were robust enough against the effect of hydro-alcoholic media. They did not show any 

signs of burst effect even when exposed to the extreme conditions. The variability in the drug 

release profile were observed owing to the variable solubility in different media. Drug release 

from GH Pellets in 10, 20, 30 and 40% v/v ethanol exhibited consistency in drug release.   
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The values of the k, n and r2 of Kordmayer-Peppas model are shown in Table 4.30. The value 

of n varied from 0.5021 and 0.6689, suggesting that the drug release was dominated by 

diffusion and erosion mechanism.  The n value and k value are inversely proportional to each 

other. The n value increase as the alcohol concentration increase and k value decreases as the 

n value increases. The results are displayed in Table 4.30.  

For GH Pellet when exposed to 1 h to hydroalcoholic media followed by 11 h to normal 

media, n value and k value was found in the range of 0.5708 to 0.6589 and 3.72 to 3.14. GH 

Pellet when exposed to 12 h to hydroalcoholic media, n value and k value was found in the 

range of 0.5708 to 0.6689 and 3.72 to 2.95.  

TABLE 4. 28: Dissolution profile in two-tier test (first hr. in hydro alcoholic media and then in water) 

(Method 1) 

 %CDR 

Time (h) 0% ethanol 10% ethanol 20% ethanol 30% ethanol 40% ethanol 

0 0 0 0 0 0 

1 24.61±0.76 23.20±1.57 22.27±1.33 21.09±1.57 21.56±1.33 

2 42.46±0.75 41.04±1.58 39.86±1.33 39.84±1.33 39.86±1.33 

3 48.55±0.44 46.41±0.58 47.56±2.33 47.55±0.34 47.79±1.57 

4 59.63±1.17 58.64±0.32 57.93±0.34 56.61±2.33 55.34±0.57 

6 70.82±0.44 69.59±0.33 68.64±0.58 65.56±2.88 63.68±0.58 

8 80.73±1.18 79.25±0.56 76.54±0.32 74.00±0.88 72.10±0.59 

10 85.11±1.62 84.79±0.33 83.09±0.33 82.06±0.59 78.79±2..90 

12 89.53±0.42 90.15±0.57 89.50±1.70 88.59±0.56 85.20±0.35 

f2 Value Reference 92.92 82.34 72.81 66.11 
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FIGURE 4. 33: Dissolution profile in two-tier test (first hr. in hydro alcoholic media and then in water) 

(Method 1) 

TABLE 4. 29: Influence of alcoholic media on dissolution of GH Pellets (12 hr in alcoholic media) (Method 

1) 

 % CDR 

Time (h) 0% ethanol 10% ethanol 20% ethanol 30% ethanol 40% ethanol 

0 0 0 0 0 0 

1 24.61±0.76 22.27±0.33 22.03±0.33 20.39±0.57 19.69±0.99 

2 42.46±0.75 41.97±0.32 40.32±1.57 38.90±2.58 37.02±0.65 

3 48.55±0.44 47.82±1.57 47.10±0.07 46.13±0.33 46.80±0.86 

4 59.63±1.17 57.48±0.56 57.46±1.58 54.36±2.34 54.81±0.87 

6 70.82±0.44 69.13±0.33 68.39±1.88 61.99±0.33 63.58±3.65 

8 80.73±1.18 76.43±0.57 76.40±0.55 70.39±1.76 71.33±1.03 

10 85.11±1.62 83.58±1.57 84.25±0.56 78.41±3.10 78.90±1.37 

12 89.53±0.42 88.46±0.31 89.84±0.32 85.58±1.20 84.89±1.37 

f2 Value  83.60 82.19 62.57 63.64 
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FIGURE 4. 34: Influence of hydroalcoholic media on drug release (12 h in alcoholic media) (Method 1) 

TABLE 4. 30: In vitro release kinetic study comparison to release profile of alcoholic to nonalcoholic 

media (Method 1) 

Dissolution 

testing 

condition 

Exposure to 1h to ethanol Exposure to 12 h to ethanol 

n value K value R2 value n value K value R2 value 

0% ethanol 0.5708 3.72 0.9889 0.5708 3.72 0.9889 

10%ethanol 0.6021 3.45 0.9645 0.6068 3.39 0.9848 

20%ethanol 0.6070 3.34 0.9752 0.6343 3.07 0.9698 

30%ethanol 0.6508 3.15 0.9709 0.6413 3.06 0.9859 

40%etanol 0.6589 3.14 0.9537 0.6689 2.95 0.9887 

4.16. Stability Study 

The optimized GH pellets were subjected to the stability studies as per ICH guideline for six 

months by maintaining temperature 40 ± 2 0C and 75 ± 5% relative humidity. The GH pellets 
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were wrapped in Aluminum foil and kept in the stability compartment with well controlled 

conditions of temperature and humidity and then the samples were removed at an interval of 

three months and assessed for drug content and formulation related parameters. The results are 

presented in Table 4.31, Table 32 and Fig. 4.35. The result reveals that the formulation was 

found to be stable as far as physical characteristics and performance of dosage from was 

concerned. 

TABLE 4. 31: Stability study parameter (Method 1) 

Time interval % Friability % Drug Content 

Initial 0.42±0.25 99.56±1.25 

3 month 0.31±0.08 99.33±1.08 

6 month 0.32±0.20 99.11±1.13 

TABLE 4. 32: Comparison of in vitro release study in stability study (Method 1) 

Time (h) % CDR 

Time interval 0 month 3 months 6 months 

0 0 0 0 

1 24.61±0.76 26.72±2.06 25.55±0.33 

2 42.46±0.75 47.17±0.88 46.46±0.33 

3 48.55±0.44 58.24±0.68 58.69±0.65 

4 59.63±1.17 65.91±0.69 66.83±1.15 

6 70.82±0.44 71.78±1.17 74.82±1.34 

8 80.73±1.18 79.12±1.48 82.43±1.54 

10 85.11±1.62 86.99±1.24 88.47±0.69 

12 89.53±0.42 92.61±0.59 93.39±0.05 

f2 Value 
 

75.84 72.70 
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FIGURE 4. 35: Comparison of in vitro release study in stability study (Method 1) 

 

METHOD 2 OF PELLET FORMULATION (EXTRUSION- 

SPHERONIZATION) 

4.17. Quality by Design Approach (Method 2) 

4.18. Scrutinization of Critical Process Parameters (CPPs) and Critical 

Material Attributes (CMAs) 

The study was performed to recognize the critical material or process parameters for modified 

extrusion spheronization method using extruder spheronizer. Ishikawa diagram was built up to 

understand cause-effect correlation between the product and process variables. Considering 

the prior technical knowledge and the results of preliminary studies, physical characteristics, 

flow properties and drug release were considered as critical quality attributes of GH ER pellets 

as these variables are likely to affect the final properties of the pellets. The variables that 

might affect the final quality of the pellets are shown in Fig. 4.36. 
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FIGURE 4. 36: Fishbone diagram for pellet formulation and development (Method 2) 

4.19. Risk assessment by FMEA model 

An Ishikawa diagram was constructed as per ICH Q8 R2 guideline, to recognize an initial list 

of significant high risk variables that might influence the performance of the GH loaded 

pellets (see in Fig. 4.36). Six main causes (material, man, measurement, environment, machine 

and process factors) were identified. All the factors except material and process were assumed 

to be non-significant. Risk Priority Number (RPN) was calculated(43, 65) based on 

occurrence, severity and detectability. The results are shown in Table 4.33 and Fig. 4.37.  The 

factors which has high impact on in vivo performance or in vitro drug release were given high 

RPN score (>60) compared to others. The concentration of COM and concentration of EC 

were identified as potentially important factors.  

These two independent factors, amount of COM (X1) and amount of EC (X2), would be used 

for further study to obtain the optimum batch by central composite design 
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TABLE 4. 33: Summary of FMEA (Method 2) 

Ca

us

e 

Failure 

mode 

Impact of 

change 

Occur

rence 
Route of failure 

Seve

rity 

Control 

Measure 

Det

ecti

on 

RPN Rank 

M

ate

ria

l 

Conc. of 

EC 

Dissolution, 

Friability 
5 

Different 

Concentration, 

Material 

Variation 

5 

Dissolution

, Friability 

tester 

5 125 1 

 
Avicel ph 

101 amount 

Sphericity of 

Pellet 
4 

Material 

Variation 
1 

Optical 

Microscop

e, Sieve 

analysis 

3 12 8 

 

Conc. of 

COM 800 

ATO 

Dissolution, 

Friability 
5 

Different 

Concentration, 

Material 

Variation 

5 

Dissolution

, Friability 

tester 

5 125 1 

 

Conc. of 

Pregelatini

zed starch 

Particle size 3 

Different 

Concentration, 

Material 

Variation 

4 

Size 

determinati

on 

3 36 4 

En

vir

on

me

nt 

Humidity Pellet quality 1 

Change in 

atmospheric 

condition 

1 
Hygromete

r 
1 1 11 

 Pressure No effect 1 

Change in 

atmospheric 

condition 

1 Manometer 1 1 11 

 
Temperatu

re 
Pellet quality 1 

Change in 

atmospheric 

condition 

1 
Thermome

ter 
1 1 11 

M

an 
Analyst 

Product 

Quality 

Testing 

1 Manual error 1 Audit, SOP 1 1 11 

 Stockiest 
Product 

Quality 
1 Manual error 1 Audit, SOP 1 1 11 
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 Retailer 
Product 

Quality 
1 Manual error 1 Audit, SOP 1 1 11 

 QC Person 

Product 

Quality 

Testing 

1 Manual error 1 Audit, SOP 1 1 11 

 Formulator 
Product 

Quality 
1 Manual error 1 Audit, SOP 1 1 11 

M

eas

ur

em

ent 

Particle 

size and 

size 

distribution 

Pellet quality 3 

Machine Failure, 

Poor 

Development 

3 

Optical 

Microscop

e, Sieve 

analysis 

1 9 9 

 

In vitro 

drug 

release 

Dissolution 4 

Machine Failure, 

Poor 

Development 

5 
Dissolution 

tester 
5 100 2 

 

Alcohol 

induced 

dose 

dumping 

Dissolution 4 

Machine Failure, 

Poor 

Development 

3 
Dissolution 

tester 
3 36 4 

 IVIVC 
Poor 

Prediction 
4 

Machine Failure, 

Poor 

Development 

3 Dissolution 3 36 4 

 

Drug 

release 

kinetics 

Variable drug 

release 
4 

Machine Failure, 

Poor 

Development 

3 Dissolution 3 36 4 

 
Micromerit

ic Property 

Poor Pellet 

quality 
3 

Machine Failure, 

Poor 

Development 

1 

Carr's 

Index, 

Angle of 

Repose 

3 9 9 

 

Physicoche

mical 

Parameter 

Friability, 

Weight 

variation 

3 

Machine Failure, 

Poor 

Development 

1 

Roche 

friabilitor, 

Weight 

balance 

4 12 8 

M

ac

hi

ne 

Dissolution 

apparatus 

Dissolution, 

IVIVC 
4 

Manual error, 

failure of 

equipment 

3 Validation 1 12 8 
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UV 

Spectropho

tometer 

Drug 

Estimation 
3 

Manual error, 

failure of 

equipment 

3 Validation 1 9 9 

 

Extruder 

Spheronize

r 

Sphericity of 

Pellet 
3 

Manual error, 

failure of 

equipment 

1 Validation 1 3 10 

 Dryer 
Physical 

Property 
3 

Manual error, 

failure of 

equipment 

1 Validation 1 3 10 

Pr

oc

ess 

Sieve 

Number 
Particle size 3 

Operator's error, 

failure of 

equipment  

1 Validation 1 3 10 

 
Speed of 

Extruder 

Sphericity of 

Pellet 
4 

Machine Failure, 

Poor 

Development, 

Operator's error 

4 

Automatio

n of 

Machine 

3 48 3 

 
Drying 

Method 

Nonuniform 

drying 
3 

Machine Failure, 

Poor 

Development, 

Manual error 

3 

Automatio

n of 

Machine 

1 9 9 

 
Mixing 

method 

Nonuniform 

mixing 
3 

Machine Failure, 

Poor 

Development, 

Manual error 

3 

Automatio

n of 

Machine 

1 9 9 

 

Mixing 

Time and 

speed 

Non-uniform 

mixing 
3 

Machine Failure, 

Poor 

Development, 

Manual error 

3 

Automatio

n of 

Machine 

3 27 6 

 

Drying 

Temp. and 

Time 

Non-uniform 

drying 
3 

Machine Failure, 

Poor 

Development, 

Manual error 

3 

Automatio

n of 

Machine 

3 27 6 

 

Speed of 

Spheronize

r 

Non-uniform 

particle size 
4 

Machine Failure, 

Poor 

Development, 

Manual error 

3 

Automatio

n of 

Machine 

2 24 7 

 Load in Sphericity of 4 Machine Failure, 4 Automatio 2 32 5 
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Extruder Pellet Poor 

Development, 

Manual error 

n of 

Machine 

 
Spheroniza

tion time 

Sphericity of 

Pellet 
4 

Machine Failure, 

Poor 

Development, 

Manual error 

4 

Automatio

n of 

Machine 

2 32 5 

 

FIGURE 4. 37: Summary of FMEA analysis (Method 2) 
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4.20. Optimization using DoE – Central composite design 

The CCD was explored for the optimization of GH ER pellets prepared as per method 2. 

Thirteen batches were prepared which 22 factorial points, four star points and five replicates at 

the centre point. Polynomial equation was constructed using design expert software. Response 

surface plot and contour plots were drawn. The experiment runs with independent factors and 

the experimental responses are presented in Table 4.34. 

Appropriate polynomial equation encompassing the individual main effects and interaction 

effect were carefully chosen based on the calculation of numerous statistical parameters, for 

instance the multiple correlation coefficient (R2), adjusted multiple correlation coefficient 

(adjusted R2) and the predicted residual sum of squares (PRESS).  

Less significant (P >0.05) factors were eliminated from full model. Coefficients with negative 

sign signify the antagonistic effect, while positive sign signifies the synergistic effect to the 

responses. The actual values of X1 were 10 % (-1), 15 % (0) and 20% (+1). The actual values 

of X2 were 10% (-1), 15% (0) and 20% (+1). The desirable values of Y1, Y2 and Y3 are 40-50 

%, 70-80 % and NLT 85 % respectively.  

TABLE 4. 34: Design layout responses obtained in the Central Composite Design batches (Method 2) 

Batch X1 X2 Y1 Y2 Y3 

   40-50% 70-80% NLT 85% 
G 1 -1.00 -1.00 56.57 78.36 94.2 

G2 1.00 -1.00 50.98 73.52 90.41 

G 3 -1.00 1.00 51.37 73.07 86.18 

G 4 1.00 1.00 32.85 55.34 70.23 

G 5 -1.41 0.00 56.37 78.88 93.53 

G 6 1.41 0.00 30.7 56.85 74.38 

G 7 0.00 -1.41 53.8 79.31 97.5 

G 8 0.00 1.41 36.34 58.89 73.83 

G 9 0.00 0.00 45.26 73.54 91.16 

G 10 0.00 0.00 43.12 73.91 91.53 

G 11 0.00 0.00 45.05 74.55 86.08 

G 12 0.00 0.00 47.18 76.91 94.35 

G 13 0.00 0.00 43.14 74.02 90.24 
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Mathematical modeling 

The independent variables and response variables were correlated through polynomial 

equation with statistical analysis employing Design-Expert® software. Multiple linear 

regression analysis (MLRA) and analysis of variance (ANOVA) were performed to identify 

the relationship between two independent factors (X1 and X2) and three dependent factors (Y1, 

Y2 and Y3). The results of MLR (the value of correlation coefficient and the values of 

coefficients) and ANOVA (Fisher’s ratio and P values) are summarized in Table 4.35 for the 

three responses. 

TABLE 4. 35: ANOVA for Response Y1, Y2 and Y3 Surface Quadratic Model (Method 2) 

4.20.1. Effect on Drug Release at second hour (Y1) 

The high model R2 value (0.9333), high F value (19.57) and less p value (0. 0006) for drug 

release at 2 h indicates that the model is significant for this response.  Here, both the main 

effect i.e. concentration of EC (P = 0.0006) and concentration of COM (P=0.0001) had 

substantial influence on Y1 as P value < 0.05. The interaction terms had non-significant effect 

on % drug release 2 h as P> 0.005. The lack of fit was obtained non-significant. COM has 

more noticeable hydrophobic nature attributed to elongated fatty acid chain length in behenic 

acid. Increasing the amount of COM caused decrease the penetration of water due to reduction 

Factors Y1 Y2 Y3 

 F value P value 
Coeffici

ent 

F 

value 
P value 

Coeffici

ent 

F 

value 
P value 

Co 

Efficie

nt 

Model 19.57 0.0006 44.75 46.29 < 0.0001 74.59 26.78 0.0002 90.67 

X1 56.21 0.0001 -7.55 100.23 < 0.0001 -6.72 41.35 0.0004 -5.85 

X2  35.51 0.0006 -6.00 95.15 < 0.0001 -6.54 71.75 < 0.0001 -7.71 

X1 X2 5.15 0.0575 -3.23 11.54 0.0115 -3.22 5.58 0.0502 -3.04 

 X1
2 0.078 0.7875 0.30 16.97 0.0045 -2.96 11.07 0.0126 -3.25 

X2
2 0.98 0.3549 1.07 10.63 0.0139 -2.35 6.01 0.0440 -2.39 

Lack of 

Fit 
5.25 0.0715  3.29 0.1403  0.40 0.7640  

R2  0.9333  0.9706  0.9503  
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in porosity leads to decrease the drug release. Also, lipophilicity of the pellets increases as a 

result of increasing the amount of COM.  Furthermore to COM, EC also effectively retarded 

the drug release. This is obvious since EC is practically insoluble in aqueous medium and 

therefore the drug was slowly released by erosion mechanism.  It might be due to the decrease 

in porosity, increase in the diffusional path, and reduction in water permeation rate due to 

formation of rigid matrix. From the polynomial equation, it is also seen that the factor X1 and 

X2 exhibit antagonistic effect on Y1. Significant change in % drug released at 2 h can be 

obtained by making slight change in the concentration of both the hydrophobic excipients. The 

interaction terms can be considered as significant P < 0.1.  

Normal residual plot, 2-D contour plots and 3- D response surface plots are demonstrated in 

Fig. 4.38, 4.39 and 4.40 respectively which were beneficial to understand the interaction 

effects of the variables on the responses. The Fig. 4.38 indicate that the residues are normally 

distributed. The contour lines are non-linear in nature in the contour plot since the main terms 

(X1 and X2) and interaction effects were found significant for % CDR at 2h. The equation in 

terms of un-coded factors is: 

Y1=+44.75 - 7.55X1 - 6.00X2 - 3.23 X1 X2 + 0.30 X1
2 + 1.07 X2

2…………Equation 4.4 
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FIGURE 4. 38: Normal residual plot of response Y1 (Method 2) 

 

FIGURE 4. 39: Two dimensional contour plot of response Y1 (Method 2) 
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FIGURE 4. 40: Two dimensional contour plot of response Y1 (Method 2) 

4.20.2. Response Y2 - drug released at sixth hour 

Response Y2 (% drug release at 6 h) was significantly affected by the amount of COM and 

amount of EC. The correlation amongst factors X1 and X2 could be explained by means of 

response surface plot as shown in Fig. 4.41, 4.42 and 4.43. As the concentration of polymer 

increases, the drug release decreases. If, the level of X1 is increased from -1 to +1, and keeping 

X2 at constant level, Y2 was decreased. If the level of X2 is increased from -1 to +1, keeping 

X1 at constant level again the Y2 was decreased. 

High model R2 value (0.9706), high F value (46.29) and less P value (0. 0001) for the drug 

release at 6 h showed that the model was extrapolative and important for this response. The 

main effect and interaction terms both had significant influence on Y2 as P value is <0.05. 

Therefore, conclusions can not be drawn from the numerical values of the coefficients of the 

main effects and interaction effect. In such instances, it is common to make the conclusions 

from the contour plot rather the values of coefficients. Fig. 4.42 shows the contour plot for Y2. 

The contour lines are non-linear in nature. The equation of un-coded variables is: 
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Y2 =+74.59 - 6.72 X1 - 6.54 X2 - 3.22 X1 X2 - 2.96 X1
2 - 2.35 X2

2.............. Equation 4.5 

 

FIGURE 4. 41: Normal residual plot of response Y2 (Method 2) 

 

FIGURE 4. 42: Two dimensional contour plot of response Y2 (Method 2) 
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FIGURE 4. 43: Three dimensional contour plot of response Y2 (Method 2) 

4.20.3. Response Y3 - drug released at tenth hour 

For response Y3 (% Drug Release at 10 h) was significantly affected by the amount of COM 

and amount of EC. The correlation between factors X1 and X2 can be explained by using 

response surface plot as shown in Fig. 4.44, Fig. 4.45 and Fig. 4.46. As the amount of polymer 

increases, the drug release decreases. If, X1 level increased from -1 to +1 and keeping X2 at 

constant level, the drug release at 10h was decreased. If X2 level increased from -1 to +1 

keeping X1 at constant level again the drug release is decreased. 

The main effect and interaction terms both had significant influence on response Y3 as p value 

is <0.05. Therefore, conclusions cannot be drawn from the numerical values of the coefficients 

of the main effects and interaction effect. In such instances, it is common to draw the 

conclusions from the contour plot rather the values of coefficients. Fig. 4.45 shows the contour 

plot for % CDR at 10 h. The contour lines are non-linear in nature. Factor X2- concentration of 

EC was the most critical variable (F=71.75, p=0.0001) distressing the drug release at 10 h 

negatively; increase in the amount of polymer reduced the drug released at 10 h. Also X1-

Concentration of COM has the significant negative effect on drug release at 10h (F=41.35, 
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p=0.0004). From the equation it is also observed that interaction terms have also the negative 

effect on drug release at 10 h. The reason cited above for release retardation is also applicable 

at this sampling time. The equation of un-coded variables is: 

Y3 = +93.90 - 2.70 X1 - 8.08 X2 + 6.40 X1 X2 - 4.16 X1
2 - 3.52 X2

2……….. Equation 4.6 

 

FIGURE 4. 44: Normal residual plot of response Y3 (Method 2) 
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FIGURE 4. 45: Two dimensional contour plot of response Y3 (Method 2) 

 

FIGURE 4. 46: Three dimensional contour plot of response Y3 (Method 2) 
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4.20.4. Design space and validation of response surface methodology 

The GH ER pellets were optimized using CCD. Design space was constructed for the GH 

pellets. Initially, goal lines or acceptable limits for responses were adjusted in the software. 

Equal weightage were given for all the three responses. The percentage drug released at 

second hour and % drug released at sixth hour were to be in range and % drug released at 

tenth hour was to be not less than 85%. Various solutions were predicted using the software. 

The predicted solutions, whose desirability function was more than 0.9, were selected.  

Concurrent optimization of three responses was performed by merging all responses into one 

combined desirability function. Further, controls were positioned on individual response 

considering the acceptance criteria for the dosage form. The % drug release at 2 h goal was set 

to 40 – 50%, the % drug release at 6 h was set to 70-80% and the % drug release at 10 h 

should not be less than 85%.  The overlay plot which shows yellow coloured acceptable region 

(Fig. 4.47). 

Design space is identified using overlaid plot which gives acceptable region for the three 

responses. Overlaid plot was drawn in Design Expert software which is shown in Fig. 4.47. 

An ideal product is one which satisfies the requirements of drug released at 2, 6 and 12 h. The 

highlighted region shown in overlaid plot is optimized region. The scientist is free to choose 

any point within the design space.  It is worthwhile to note that FDA requires that the design 

space be clearly defined in ANDA.  

Optimization was achieved by computing overall desirability. The software suggested that 

when the concentration of COM (X1) and EC (X2) was 0.84 and -0.70 (see the square within 

the overlaid plot), the three requirements, outlined in Table 4.36 are satisfied. The actual value 

of the above X1 and X2 are 16.8% and 7 %. 

4.21. Validation of model 

Two random check point batches were selected from the design space. The responses of both 

the batches were predicted using the valid mathematical model. These additional two batches 

were prepared in laboratory and the actual responses were recorded. The experiential 

responses were compared with the predicted responses through percentage prediction error. 
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The observed responses, predicted responses and percentage prediction errors are shown in 

Table 4.36. The percentage prediction error was found to be in the range of 1.44 to 8.59 which 

is quite low. The low scales of error of prediction and the substantial high values of R2 in the 

current research demonstrate high predictive capability of RSM.  

 

FIGURE 4. 47: Overlay Plot (Method 2) 

TABLE 4. 36: Validation of model (Method 2) 

Check point Batches Optimized batch Check-point batch I Check-point batch II 

X1  0.84 (16.8%) 0.59 (11.8 %) 0.55 (11%) 

X2 -0.70 (7 %) -0.17 (1.7%) -0.60 (6 %) 

Y1
 (%) 44.99 44.99 44.99 

(%) 42.27 43.29 46.12 

% Error 6.43 3.92 2.45 

Y2 (%) 68.63 68.27 68.98 

Y2
 (%) 75.08 65.25 66.67 

% Error 8.59 4.62 3.46 

Y3
 (%) 87.7 86.94 88.4 

Y3
 (%) 92.26 85.29 87.14 
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% Error 4.94 1.93 1.44 

From the results, it is evident that all factors contributed in determining the % drug release 

from multiparticulate dosage form and hence were utilized in improving quality of pellets.  

4.22. Risk mitigation and control strategy 

The risk mitigation and control strategy demonstrates the objective of Quality by design. The 

objective of QbD assures that the quality is built in to the product and process and not just 

assessed.  The FMEA study revealed that the only amount of COM and amount EC were 

found to be crucial for the development of GH ER pellets as both had high RPN score. So, 

they were further studied using DoE. Remaining all other factors had less RPN score, so less 

chance to affect the product quality. Hence it was not studied further.  Concentration of COM 

and EC secured more than 60 RPN score, so they were considered more significant. These 

both factors were studied further in optimization of pellets by CCD. The CCD was used to 

investigate the multidimensional interaction of X1, X2 and X3 on Y1 and Y2. The design space 

was recognized for these input factors which were categorized as high risk in the FMEA study. 

4.23. Characterization of pellets prepared by method 2 

4.23.1. Shape analysis 

The Sphericity of pellets was assessed through an image analysis system, which was 

calculated from derived parameters employing the extravagant photograph of pellets from a 

microscope. Total thirty pellets from each batch were evaluated for aspect ratio. The longest 

feret diameter over the feret diameter perpendicular to the longest is called as aspect ratio. The 

resulted value of all the batches was found between 0.8 to 1.2 except batches G4, G6 and G8. 

The values of aspect ratio of G4, G6 and G8 were found to be > 1.2 due to higher 

concentration of COM and EC. The aspect ratio of optimized batch was found to be 0.99. The 

loading of extrudates, spheronization time and speed and concentration of polymers had a 

great influence over the pellet shape but they were kept constant during the study.  Table 4.37 

shows the shape analysis and data of aspect ratio for factorial designed batches.  
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TABLE 4. 37: Shape analysis of pellets (Method 2) 

Batch Aspect Ratio Shape 

G 1 0.90±0.12 Spherical 

G 2 0.91±0.10 Spherical 

G 3 1.10±0.2 Spherical 

G 4 1.33±0.02 Spherical+ Oval 

G 5 1.00±0.25 Spherical 

G 6 1.23±0.5 Spherical+ Oval 

G 7 1.01±0.24 Spherical 

G 8 1.21±0.30 Spherical + Oval 

G 9 0.91±0.24 Spherical 

G 10 0.97±0.30 Spherical 

G 11 1.13±0.90 Spherical 

G 12 1.10±0.78 Spherical 

G 13 1.00±0.98 Spherical 

Optimum Batch 0.99±0.35 Spherical 

4.23.2. Size of the pellet 

Formulated pellets were subjected to size determination study and the results are shown in 

Table 4.38 and Fig. 4.48.  Batches with pellet size falling in the range of 0.5-1.5 mm were 

considered in the study. All the batches prepared after applying DoE were having the average 

size in the required range as depicted in Table 4.38. It was observed that as the concentration 

of polymer increased, the pellet size decreased.  

The pellet size of batch G1, G5 and G17 were found to be larger as compared to other batches 

due to lower concentration of COM and /or EC. The batches G4, G6 and G8, which contain 

high amount of excipients yielded smaller pellets. The pellet size of optimized batch was 

0.98±0.14 mm as shown in Fig. 4.48. Size of the pellet was mainly influenced by orifice 

diameter of extruder. Orifice diameter (1 mm) was kept constant for extrusion process, which 

yielded pellets in the ranged between 0.85-1.2 mm. The spheronization time (5 min) and load 

of extrudates (10 g) were kept constant during formulation of all the batches.  
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TABLE 4. 38: Size of GH pellets (Method 2) 

Batch Particle Size (mm) 

G 1 1.20±0.22 

G2 1.04±0.12 

G 3 1.07±0.12 

G 4 0.89±0.01 

G 5 1.18±0.02 

G 6 0.90±0.01 

G 7 1.13±0.05 

G 8 0.88±0.02 

G 9 0.96±0.04 

G 10 1.06±0.10 

G 11 0.96±0.02 

G 12 0.98±0.03 

G 13 1.03±0.05 

Optimum batch 0.98±0.14 

 

 

FIGURE 4. 48: Pellet size of GH pellets (Method 2) 
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4.23.3. % Yield of Pellet 

For calculation of % yield, 0.8 to 1.2 mm pellet size range was considered. The % yield of all 

the batches were obtained very high in the range of 95.83 to 98.50 % as shown in Table 4.39. 

It was mainly due to the effect of pregelatinized starch which was sprinkled after the stage of 

extrusion. 

TABLE 4. 39: % Yield of GH pellets (Method 2) 

Batch % Yield 

G 1 98.00±0.40 

G2 96.67±1.24 

G 3 98.50±1.08 

G 4 97.17±1.64 

G 5 98.67±0.84 

G 6 96.33±1.24 

G 7 96.67±0.47 

G 8 97.00±0.81 

G 9 97.00±1.47 

G 10 97.67±1.24 

G 11 97.33±1.64 

G 12 95.83±1.17 

G 13 97.00±1.47 

Optimum Batch 98.24±1.20 

4.23.4. Micromeritic Property  

Flow property has the significant importance in the development and manufacturing of oral 

solid dosage form. The experimental values are shown in Table 4.40. The Carr’s index of 

different formulation was observed in the range of 6.00 to 7.07, which showed excellent flow 

property and compressibility. The value of angle of repose is the representative of flow rate of 

powder. Angle of repose of pellets varied from 16.67 to 19.50º which indicated excellent flow 

property. Hausner’s ratio was observed between 1.06-1.08 which indicated excellent flow 

property. 
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TABLE 4. 40: Micromeritic property of GH pellets (Method 2) 

Batch Carr's Index Hausner's Ratio Angle of repose Flowability 

G 1 6.38±0.19 1.06±0.002 18.33±0.47 Excellent 

G2 6.98±0.22 1.07±0.002 17.33±0.48 Excellent 

G 3 6.82±0.22 1.073±0.002 17.00±0.82 Excellent 

G 4 6.98±0.22 1.07±0.003 17.84±0.85 Excellent 

G 5 6.68±0.36 1.07±0.004 18.66±0.24 Excellent 

G 6 6.00±0.17 1.06±0.001 18.84±0.23 Excellent 

G 7 6.38±0.19 1.06±0.002 19.17±0.24 Excellent 

G 8 6.52±0.19 1.06±0.002 18.66±0.48 Excellent 

G 9 6.52±0.19 1.06±0.002 19.90±0.54 Excellent 

G 10 6.84±0.42 1.07±0.004 19.34±0.47 Excellent 

G 11 6.52±0.19 1.06±0.002 19.00±0.82 Excellent 

G 12 6.12±0.17 1.06±0.001 16.67±0.47 Excellent 

G 13 6.26±0.32 1.06±0.003 19.50±1.08 Excellent 

Optimum Batch 7.07±1.24 1.08±0.014 18.66±0.94 Excellent 

4.23.5. Surface characterization by SEM 

SEM images were captured for the optimized batch pellets. The pellets were found to be 

spherical and surface was found to be smooth (see Fig. 4.49). The smooth surface as well as 

desired pellet size was obtained due to the effect of pregelatinized starch which was sprinkled 

on the surface of the extrudates.  

  

FIGURE 4. 49: SEM photograph of pellet (Method 2) 

4.23.6. Determination of Friability 
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Friability suggests the ability of dosage form to resist the shear forces throughout handling. 

The pellets of all the batches were observed to have better mechanical strength, as shown by 

their friability (<1% w/w). Friability of all thirteen batches varied from 0.01- 0.79 % and 

hence were found to be within the limits as presented in Table 4.41. As the amount of 

excipients increases, the pellets became less friable. The batches G4 and G6 exhibited very 

less friability as both these batches contain high amount of COM and EC. The batches G1 and 

G7 containing low amount of excipients which yielded relatively high friability value. The 

mechanical strength of the pellets might have been influenced by the effect of PGS which was 

sprinkled before the spheronization step. 

TABLE 4. 41:% Friability of GH pellets (Method 2) 

Batch % Friability 

G 1 0.79±0.04 

G2 0.41±0.06 

G 3 0.38±0.04 

G 4 0.01±0.01 

G 5 0.74±0.06 

G 6 0.06±0.04 

G 7 0.68±0.05 

G 8 0.13±0.14 

G 9 0.23±0.07 

G 10 0.19±0.08 

G 11 0.23±0.09 

G 12 0.12±0.04 

G 13 0.13±0.05 

Optimum Batch 0.2±0.07 

4.23.7. Drug content of GH pellets 

Precisely weighed amount of the pellets equivalent to 20 mg GH were powdered in a dried 

glass mortar pestle. The powder was dispersed in 100 ml distilled water. The solution was 

filtered using Whatman filter paper. Suitable dilutions of solution were made.  The absorbance 

was measured at 289 nm using using UV-VIS spectrophotometer (UV – 1800, Shimadzu 

India). The drug content of batch G1 to G13 is shown in Table 4.42. The drug content was 
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ranging between 98.03 to 101.97 %w/w. The drug content of optimized GH ER pellets was 

found to be 98.69%w/w. 

TABLE 4. 42: Drug content of GH pellets (Method 2) 

Batch % Drug Content 

G 1 98.68±1.41 

G2 98.03±2.14 

G 3 99.34±1.93 

G 4 99.34±1.61 

G 5 99.12±1.24 

G 6 101.97±1.61 

G 7 101.75±2.17 

G 8 98.25±2.75 

G 9 100.88±2.03 

G 10 101.32±2.46 

G 11 100.88±2.64 

G 12 98.90±2.64 

G 13 99.78±2.48 

Optimum Batch 98.69±0.31 

4.23.8. In vitro drug release study: 

The dissolution profiles are depicted Fig. 4.50 and Table 4.43. The less drug release was 

observed with increased amount of hydrophobic excipients. This was owing to decrease in the 

porosity of the pellets. Decreased porosity leads to decrease penetration of water inside the 

system. Furthermore, increasing the amount of excipients may lead to increase the length of 

diffusion path which additionally reduces the drug release. (138). Batch G 4, G 6 and G 8, 

which contained high amount of excipients, showed less drug release related to marketed 

product. The GH release was observed incomplete in the three batches. Batch G 5 and G 7 

showed high drug release as concentrations of excipients were less in both batches. Both the 

batches released the drug more than 90% in 10 h.  

TABLE 4. 43: In vitro drug release data of GH pellets (Method 2) 
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FIGURE 4. 50: In vitro drug release of GH pellets (Method 2) 
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4.23.9. In vitro drug release kinetics 

The data acquired from in vitro drug release studies were applied to zero order, first order, 

Higuchi, Koresemeyer-Peppas equation to find out drug release mechanism from the matrix 

GH pellets. 

Higuchi model showed good fit (Table 4.44). The values of release exponent ranged from 0.5 

to 0.6. It indicates that the drug release mechanism was dominated by both diffusion and 

erosion. Not a single formulation demonstrated first-order kinetic model.  

All the batches were compared with marketed formulation and similarity factor f2 was 

calculated for each batch. Batch G4 (20 % COM and 20% EC), G6 (25% COM and 15% EC) 

and G8 (15% COM and 25 % EC) which contained high amount of excipients showed f2 value 

< 50. It means the dissolution profile were not similar to the marketed formulation. Remaining 

all other batches had the f2 value more than 50, indicating similar dissolution. 

TABLE 4. 44: Drug release kinetic data of GH pellets (Method 2) 

Model Zero 

order 

First order Higuchi  Korsmeyer- Peppas f2 Value 

Batches  r2 r2 r2 r2 n Value  

G 1 0.9054 0.7889 0.9647 0.9525 0.4963 58.05 

G 2 0.9342 0.8255 0.9833 0.9707 0.5292 69.01 

G 3 0.9093 0.8134 0.9726 0.9742 0.5197 73.09 

G 4 0.9623 0.8832 0.9809 0.9767 0.5545 47.17 

G 5 0.9029 0.7898 0.9658 0.9560 0.5463 57.37 

G 6 0.9681 0.8768 0.9963 0.9959 0.5442 49.27 

G 7 0.9009 0.7719 0.9655 0.9473 0.5605 55.99 

G 8 0.9254 0.7968 0.9812 0.9669 0.5202 50.98 

G 9 0.9098 0.7463 0.9730 0.9443 0.6088 75.15 

G 10 0.9187 0.7617 0.9785 0.9544 0.6024 71.06 

G 11 0.9054 0.8094 0.9685 0.9776 0.5602 80.52 

G 12 0.9088 0.7615 0.9735 0.9557 0.5671 75.15 
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G 13 0.9234 0.7954 0.9815 0.9752 0.5541 75.45 

MF 0.9428 0.8100 0.9912 0.9332 0.512 -- 

Optimum  Batch 0.9181 0.8050 0.9791 0.09889 0.5708 77.03 

4.24. Comparison of optimum batch with marketed formulation 

The performance of the optimized batch, obtained from the central composite design, was 

compared with marketed formulation. The dissolution profiles of GH ER pellet and marketed 

formulation are displayed in Fig. 4.51 and Table 4.45. Similarity value was found to be 77.03.  

TABLE 4. 45: Comparison of Optimized batch with marketed formulation (Method 2) 

Time (h) Marketed Formulation* Optimized Batch# f2 Value 

0 0 0 

77.03 

 

1 26.56±0.44 25.32±0.44 

2 45.30±0.75 42.46±0.76 

3 50.80±0.44 56..68±0.44 

4 61.98±0.43 60.36±0.43 

6 73.27±0.77 75.09±0.77 

8 82.50±0.78 83.63±0.78 

10 85.89±0.87 92.26±0.87 

12 89.30±0.44 93.25±0.44 

* Glantamine HBr 16 mg product of Sun Pharmaceuticals Pvt. Ltd. Was used as marketed formulation.  

# Optimized batch was chosen from the design expert which has highest desirability 
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FIGURE 4. 51: Comparison of optimized batch with marketed formulation (Method 2) 
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indicate the back calculation of Wagner – Nelson equation is able to calculate the in vivo 

plasma concentration from the in vitro drug release data of the optimized GH ER pellets. 

Predicted plasma concentration – time profile, as shown in Fig. 4.32, also revealed that the GH 

ER pellets were capable to retard the drug release up to 12 h in controlled manner.  

TABLE 4. 46: Prediction of in vivo data from the in vitro data (Method 2) 

Time 

(h) 
%CDR F ∆F F D Vd Cp K ∆t 

Cp(t+1)  

µg/ml 

Cp(t+1)  

ng/ml 
Mean AUC 

0 0.00 0.00 0 0.90 16 203 0 0.087 0 0 0 0 0 

1 25.31 0.25 0.25 0.90 16 203 0.036 0.087 1 0.017 17.21 8.60 8.61 

2 42.46 0.42 0.17 0.90 16 203 0.024 0.087 1 0.045 44.59 30.90 30.90 

4 60.36 0.60 0.18 0.90 16 203 0.025 0.087 2 0.032 32.14 38.36 76.74 

6 75.08 0.75 0.15 0.90 16 203 0.021 0.087 2 0.031 30.95 31.54 63.10 

8 83.63 0.84 0.09 0.90 16 203 0.012 0.087 2 0.023 23.13 27.04 54.08 

10 92.26 0.92 0.09 0.90 16 203 0.012 0.087 2 0.016 15.82 19.48 38.96 

12 93.25 0.93 0.01 0.90 16 203 0.001 0.087 2 0.011 10.93 13.38 26.77 

             299.15 

 

TABLE 4. 47: Comparison of predicted data with reported PK data and calculation of % PE (Method 2) 

Pharmacokinetic parameter FDA reported value Predicted value %PE 

Cmax (ng/ml) 42.3 44.594 5.42 

Tmax (h) 1.9 2 5.26 

AUC (ng/ml . h) 277 299.15 8.00 

 



Results and Discussion 
 

170 
 

 

FIGURE 4. 52: Predicted in vivo plasma concentration time profile (Method 2) 
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alcohol concentration increase and k value decreases as the n value increases. The results are 

displayed in Table 4.50.  

For GH Pellet when exposed to 1 h to hydroalcoholic media followed by 11 h to normal 

media, n value and k value was found in the range of 0.6010 to 0.6445 and 3.44 to 2.88. GH 

pellet when exposed to 12 h to hydroalcoholic media, n value and k value was found in the 

range of 0.6005 to 0.6362 and 3.03 to 2.86. 

TABLE 4. 48: Dissolution profile in two-tier test (first hr in hydro alcoholic media and then in water) 

(Method 2) 

 %CDR 

Time 0% ethanol 10% ethanol 20% ethanol 30% ethanol 40% ethanol 

0 0 0 0 0 0 

1 25.31±0.33 23.67±1.33 22.97±2.02 22.50±2.07 22.50±2.07 

2 42.47±0.57 43.86±1.58 42.68±0.64 42.67±2.41 39.63±2.89 

3 50.67±0.33 50.43±2.33 49.01±1.46 48.07±1.89 47.09±1.75 

4 60.37±0.58 60.36±0.56 56.58±1.47 59.84±1.50 58.16±2.93 

6 75.09±0.33 75.08±0.57 70.78±1.56 71.04±1.26 71.21±2.68 

8 83.63±1.51 81.89±0.33 78.35±0.85 79.07±1.51 77.73±3.29 

10 92.27±0.33 88.73±0.58 85.57±1.18 84.38±1.04 83.36±3.05 

12 93.25±0.01 93.42±0.34 91.35±0.39 90.90±1.63 90.34±4.27 

f2  Value Reference 88.11 72.80 72.73 69.05 
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FIGURE 4. 53: Dissolution profile in two-tier test (first hr exposed to alcoholic media and 11 h in water) 

(Method 2) 

TABLE 4. 49: Influence of hydroalcoholic media on dissolution (12 h in alcoholic media) (Method 2) 

 % CDR 

Time 0% ethanol 10% ethanol 20% ethanol 30% ethanol 40% ethanol 

0 0 0 0 0 0 

1 25.31±0.33 24.61±1.15 23.67±1.44 22.27±1.44 22.50±2.07 

2 42.47±0.57 43.40±0.89 43.62±1.77 42.67±2.34 40.80±1.22 

3 50.67±0.33 52.32±0.90 53.95±2.05 54.63±2.36 52.26±1.69 

4 60.37±0.58 61.79±1.75 60.16±1.81 60.38±2.13 59.87±0.72 

6 75.09±0.33 73.01±1.77 71.83±1.83 71.53±1.53 72.24±2.38 

8 83.63±1.51 80.36±1.82 80.58±0.67 78.92±2.33 80.75±3.58 

10 92.27±0.33 85.21±0.66 88.24±2.42 85.15±3.01 85.84±3.49 

12 93.25±0.01 90.34±0.53 92.70±2.44 91.92±2.55 91.44±4.54 

f2 Value  76.55 82.41 74.17 72.34 
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FIGURE 4. 54: Influence of hydroalcoholic media on drug release (12 hr in alcoholic media) (Method 2) 

TABLE 4. 50: In vitro release kinetic study comparison to release profile of alcoholic to nonalcoholic 

media (Method 2) 

Dissolution 

testing 

condition 

Exposure to 1hr to ethanol Exposure to 12 h to ethanol 

n value K value R2 value n value K value R2 value 

0% ethanol 0.5708 3.50 0.9889 0.5708 3.56 0.9889 

10%ethanol 0.6010 3.44 0.9707 0.6005 3.03 0.9760 

20%ethanol 0.6102 3.38 0.9624 0.6101 2.94 0.9527 

30%ethanol 0.6205 3.16 0.9933 0.6210 2.90 0.9661 

40%etanol 0.6445 2.88 0.9393 0.6332 2.88 0.9792 

4.27. Stability Study 

The optimized GH ER pellets were subjected to the stability studies as defined by ICH 

guideline. The pellets were exposed for six months in the stability compartment at 40 ± 2 0C 

temperature and 75 ± 5% relative humidity. The GH ER pellets were wrapped in Aluminum 

foil and then kept in the humidity chamber with well controlled conditions of temperature and 
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humidity and then the samples were removed at an interval of three months and assessed for 

drug content and dissolution study of GH. The results are presented in Table 4.51, Table 4.52 

and Fig. 4.55. The result reveals that the formulation was found to be stable as far as physical 

characteristics and performance of dosage form was concerned. 

TABLE 4. 51: Stability study parameter (Method 2) 

Time interval % Friability % Drug Content 

Initial 0.49±0.32 98.03±1.42 

3 months 0.34±0.015 99.12±1.11 

6 months 0.38±0.24 98.90±2.03 

TABLE 4. 52: Comparison of in vitro release study in stability study (Method 2) 

Time (h) % CDR 

Time interval 0 month 3 months 6 months 

0 0 0 0 

1 25.32±0.44 26.72±1.51 25.78±0.33 

2 42.46±0.76 47.17±0.65 46.96±0.003 

3 56.99±0.44 58.01±0.31 57.75±0.003 

4 60.36±0.43 64.97±1.00 64.95±0.66 

6 75.09±0.77 71.01±1.00 72.45±1.52 

8 83.63±0.78 79.57±1.73 80.27±0.58 

10 92.26±0.87 87.21±0.28 86.98±1.18 

12 93.25±0.44 93.77±1.66 92.60±1.00 

f2 Value  75.48 73.59 
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FIGURE 4. 55: Assessment of in vitro release study in stability study (Method 2) 

4.28. Comparison of Method 1 and Method 2 

Method 1 was adopted first for the preparation of the pellets since at most of the 

pharmaceutical industries an established tablet department is available.  The pellets met all of 

the laid down requirements (yield, diameter, drug release, etc.). The combined influence of the 

selected independent factors on all the responses is shown in the overlaid contour plot. It clear 

from the contour plot that the highlighted area (an area in which all the responses are fully 

satisfied as per the predefined criteria) is very small. In the real life practice, i.e. at the 

industry, variations in product quality may occur due to errors introduced by men, materials or 

machines. It is concluded that a batch, prepared in future, may fail if the variability is not 

controlled. This could lead to the rise in cost of the product. Additionally, method 1 requires 

the use of multistep process and hence validation requires careful attention. The foremost 

benefit of method 1 is the use of the existing machineries in a pharmaceutical company.  

Method 2 was adopted next, where in the process of extrusion- spheronization was adopted. In 

methods 2 also satisfactory pellets were obtained. The method 2 required a lesser number of 

steps as compared to the method 1 and hence validation is simpler as compared to the method 

1. The acceptable highlighted area is wider in the method 2. Therefore, we may conclude that 
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method 2 is more robust in nature as compared to the method 1 to absorb the normal variations 

due to men, materials or machines.  

All-in-all, manufacturing process #1 is largely manual, labor intensive and may be dependent 

on skillful intervention from operators. The manual process #1 is highly likely be subjective in 

nature and could pose challenges in terms of reproducibility, specifically in terms of achieving 

consistent higher yields. Comparing manufacturing processes #1 and #2, the process #2 is 

automated and does not require manual interventions at all unit stages. Manufacturing process 

#2 is recommended over manufacturing process #1 based on the results obtained in this 

specific model drug and composition in context of better inter- and intra-batches consistency 

and higher yield. Nevertheless, risk-to-benefit ratio shall be evaluated specific to 

physicochemical nature of drug substance and composition in striking the optimal balance.  

4.29. Validation of innovative step 

The innovative finding of the present research was to sprinkle pregelatinized starch after the 

extrusion step. The step was validated by preparing additional two batches. The first batch was 

prepared excluding pregelatinized starch in the processing of pellets and the second batch was 

prepared by adding the same amount of PGS in the wet mass directly. Both the additional 

batches were compared with the optimized batch which was prepared by sprinkling PGS 

extragranulary after the extrusion step. All the batches were characterized by different 

evaluation parameters. The results are shown in Table 4.53. The values of each parameter 

clearly indicate the excellent flowability was achieved by the addition of PGS extragranularly 

and not with the other two batches. Sprinkling of PGS, gives additional lubricant effect. It 

resulted in improved flow property. The friability was drastically decreased in the batch 

containing PGS extragranularly i.e. 0.05±0.015 as shown in Fig. 4.56. The uniform, spherical 

and desired size (1 mm) pellets having smooth surfaces were obtained by the use of PGS 

extragranularly as shown in Fig. 4.57. While in other two batches, the pellet size was very less 

i. e. <0.5 and shape of the pellets was dumbbell. The major change was observed with the % 

yield of desired size (0.8 to 1.2 mm) pellets. It is 94.12±0.7 in the case of optimized batch with 

extragranular PGS while in the case of other two batches, it is quite low i.e. less than 30% as 

shown in Fig. 4.58. The high yield is mainly due to the effect of PGS which was sprinkled 
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extragranularly. The PGS may act as a binder which will strengthen the pellets as starch has 

some property of the binding efficiency. The PGS was sprinkled on the pellets, which will 

cover up the rough surfaces and also reduces the friction, ultimately increased the flow of the 

pellets. The third step in the process is spheronization which was accompanied by the friction 

plate or crosshatch plate. The friction was the main principle to convert the extrudes into the 

spherical uniform pellets. The friction was reduced after the addition of PGS extragranularly 

due to the less irregular and smooth surfaces, resulted into less reduction in pellet size which 

was also shown in Table 4.53. 

 

FIGURE 4. 56: % Friability comparison 

 

FIGURE 4. 57: Average Pellet size comparison 
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FIGURE 4. 58: % yield comparison 

TABLE 4. 53: Evaluation of method validation batches 

Parameter 
Optimized batch 

excluding PGS 

Optimized batch adding 

PGS intragranularly 

Optimized batch 

sprinkling PGS 

extragranularly 

Angle of repose 30.40±0.03 29.05±0.02 18.33±0.47 

Bulk density (g/ml) 1.36±0.04 1.28±0.039 1.15±0.30 

Tapped density (g/ml) 1.74±0.09 1.64±0.016 1.22±0.03 

Carr's Index 21.60±3.28 22.29±1.64 5.77±0.15 

Hausners’ Ratio 1.278±0.053 1.287±0.02 1.061±0.001 

% Friability 0.69±0.27 0.26±0.07 0.05±0.015 

Average pellet size (mm) 0.49±0.02 0.48±0.016 1.006±0.03 

Shape Dumbbell Dumbbell Spherical 

% yield * 29.40±0.6 32.34±0.02 94.12±0.7 

Drug Content (%) 97.807±0.72 96.71±0.93 99.12±0.31 
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FIGURE 4. 59: Comparison of drug release profile of method validation batch 

Fig. 4.59 shows the results of dissolution profile of three batches formulated and a marketed 

product. The f2 value of first two batches was found to be 50.88 and 51.11 which is more than 

50 but very close to lower acceptance value. While in the case of third batch i.e. sprinkling of 

PGS extragranularly, the f2 it was found to be 85.76 which is quite high and acceptable. The 

results of the three batches suggest the use of PGS extragranularly which improve the flow, 

control the size and other physical parameters as well as modulate the drug release which is 

expected to show better therapeutic effect.  

All-in-all, these three experimental batches encompass (1) with no addition of PGS, (2) intra-

granular addition of PGS, and (3) external sprinkling of PGS as outlined in the optimized 

process. The results obtained in three batches clearly demonstrated that optimized batch with 

external sprinkling of PGS had significantly higher yield as compared to the batches where no 

PGS is used or it was added extragranular during manufacturing process. This phenomenon is 

predominantly attributed to generation of higher fines which did not yield the right size 

fraction pellets. The batches wherein, PGS is not used or added intragranular did yield 

significantly higher fraction of smaller pellets. Hence the higher size fraction was found lower 

which was intended. Comparing batches wherein, PGS was not added with one with externally 
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sprinkled, the yield results clearly demonstrated that PGS is playing critical role to achieve 

right size fraction of good spherical pellets. Comparing batch manufactured with intragranular 

addition of PGS with externally sprinkled PGS, the effect of PGS was pronounced when 

added externally. The PGS may got diluted in case of intragranular addition with other 

excipients and did not produce the desired binding effect that was intended. It is well known 

that partially gelatinized starch is a derivative of starch and undergoes either chemical 

hydrolysis or mechanical hydrolysis during partial gelatinization. The gelatinization process 

render starch cleaved and resulting into formation of Amylose and Amylopectin. These 

gelatinized compounds have capacity to absorb significantly higher water than its weight due 

to wicking action. As it can take up higher amount of water and swell produces stickiness and 

help free power particles bind together to form agglomerate. These compounds also form non-

continuous film due to high centrifugal force. In the present investigation, the externally 

sprinkled PGS would have absorbed significant amount of semi-polar solvent, isopropyl 

alcohol or residual water contained within isopropyl alcohol. Moreover, spheronization 

process generate significant amount of centrifugal force which in turn generate and dissipate 

high amount of heat. The combination of dissipated heat, residual water in isopropyl alcohol 

and alcohol being semi-polar solvent may be hydrating the PGS. This hydrated PGS under 

constant centrifugal shear force might be causing a film formation which in turn due to its 

inherent binding and adhesive property would have help free powder particles stick together. 

Therefore, the yield was found to be on the higher end where PGS was sprinkled externally. 
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CHAPTER 5 

CONCLUSIONS, MAJOR CONTRIBUTIONS AND 

SCOPE OF FURTHER WORK 

CONTRIBUTION 

The modified release pellets of GH were successfully formulated using COM and EC 

integrating the concepts of QbD. For the successful formulation of GH ER pellets, in vitro 

drug release is crucial which was carefully chosen as response in the CCD. The FMEA 

exposed that, concentration of COM and EC had substantial effect on in vitro drug release of 

GH ER pellets. The GH ER pellets were developed using modified extrusion spheronization 

method. The innovative finding of the present research work is to use pregelatinized starch in 

the post extrusion step. The addition of this step resulted in the required size of pellets with 

better yield and low friability. Additionally, more control on drug release was observed with 

the use of pregelatinized starch. A robust formulation was developed containing COM and EC 

which showed that the dissolution of GH was not affected by the existence of alcohol. 

Stability study suggests that the pellets were found stable as far as physical characteristics and 

the dissolution of drug was concerned. 

SUMMARY 
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The present research aimed to find a solution to the commonly encountered problem in 

pelletization i.e. low yield. The research work was also conducted to formulate modified 

release pellets of GH utilizing the concepts of QbD. The study was conducted to scrutinize the 

CPPs and/or CMAs for pelletization of GH. Ishikawa diagram was built up to develop the 

prospective cause-effect correlation between the product and process variables. FMEA 

approach was adopted to identify critical factors. In FMEA, all the variables were mainly 

divided into six categories like environment, material, man, process, measurement and 

machine. Except the material and its amount parameter, all other parameters were kept 

constant as they will least affect the product in vivo performance. The material variable like 

amount of COM and EC significantly affect the in vivo performance of the product, given 

high RPN score. So, amount of COM and EC were considered significant based on their RPN 

score and studied further for the development of GH ER pellets.  

The CCD was employed to develop the pellet formulation considering the amount of COM 

and EC as independent variables and % drug released at second hour (Y1), % drug release at 

sixth hour (Y2) and % drug released at tenth hour (Y3) as the responses.  The CCD was 

employed to identify the optimum batch as well as the design space for the GH pellets. The 

numerical approach was explored for the same. The predicted model was also validated using 

grid search analysis.  From the results, it is evident that the two factors contribute in 

determining the % drug release from multiparticulate dosage form. The batches prepared 

within the defined design space yields the desired QTPP. 

A simple numerical back calculation of Wagner- Nelson equation was used to forecast the in 

vivo plasma concentration – time profile from the in vitro drug release profile of the optimized 

GH pellets formulated by modified method. The results indicate the formulation was capable 

to extend the drug release for desired time period.  

The performance of the optimized batch, obtained from the central composite design was 

equated to the marketed product. The f2 value was found 85.06 and 77.03 for both the methods 

(i.e. method 1 and method 2) and which exhibited that both formulations’ drug profile were 

similar.  



Conclusions, Major Contributions and Scope of Further Work 

 

183 
 

The optimized batch was also prepared without the inclusion of PGS and also incorporating 

PGS into the wet mass (pre-extrusion) and compared with the optimized batch prepared by 

sprinkling with PGS. The results confirmed that the sprinkling of PGS after the extrusion step 

is beneficial for the manufacturing of better quality of pellets consistently without 

compromising its good physical property and expected dissolution profile. 

A robust formulation was developed containing CM and EC which showed that the dissolution 

profile was not exaggerated in the existence of alcohol. Slight change in drug release was 

observed in the presence of the higher concentration of alcohol but it was due to the change of 

solubility in different media and not due to the failure of matrices. 

Optimized GH pellets was subjected for the stability studies as defined by the ICH guideline 

of stability study at specified conditions in a stability compartment. The GH pellets were then 

wrapped in aluminum foil then packed foil was kept in the humidity chamber with well 

controlled conditions of temperature and humidity and then the samples were removed at an 

interval of three months and evaluated for their drug and formulation parameters. The 

formulation was found to be stable as far as physical characteristics and the dissolution of drug 

was concerned. 

CONCLUSION 

The current pharmaceutical quality system incorporates the concepts of pharmaceutical 

development (ICH Q8), quality risk management (QRM, ICH Q9), and pharmaceutical quality 

system (ICH Q10). Grounded on the prior knowledge and available literature, detailed FMEA 

a popular QRM technique, was carried out to identify potentially critical factors for identifying 

design space. Modified pelletization method is able to produce the desired characteristics 

pellet with better flow, uniform desired size and high yield with superior control on drug 

release. Modified release pellets were formulated using COM and EC. The amount of COM 

and EC had significant effect on pellet formulation. One of the catchy finding of the present 

study was to use pregelatinized starch in the post extrusion step to obtain superior product and 

high yield. The findings of the current study can be useful to draft the control strategy for the 

life cycle management of the artifact. The process outlined in the current research has been 

filed for obtaining a patent. The proof of patent is attached. 
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ABSTRACT: 
Objective: The present research aims to integrate the concept of quality by design (QbD) to develop galantamine 

HBr modified release pellets and to scrutinize the critical factors that can affect the quality of the pellets 

prepared by extrusion spheronization technique. Materials and Methods: Modified release pellets of 

galantamine HBr were prepared using Compritol 888 ATO and ethyl cellulose (EC) as release retardants.  Avicel 

pH 101 was selected as an extruder aid. Before converting the wet extrudates in pellets, pregelatinized starch was 

sprinkled on them to improve the physical properties of the pellets. Qualitative risk analysis was performed to 

screen and identify the significant factors using Failure Mode Effect Analysis (FMEA) model. Central composite 

design was adopted to optimize the formulation. Concentration of Compritol and concentration of ethyl cellulose 

were selected as independent factors and drug release at 2, 6, and 10 h were selected as dependent variables. The 

pellets were evaluated for size, shape, flow, % yield, % friability and drug content. Results and Discussion: 

Concentration of Compritol and concentration of EC were found to be critical factors from FMEA model. All the 

batches of central composite design showed excellent flowability, spherical shape, desired size, yield, friability 

and drug content. Multiple linear regression analysis and analysis of variance were performed to identify the 

effect of independent variables on different responses. Design space was generated from the data. In vivo plasma 

concentration time profile was predicted from in vitro data. Conclusion: Concentration of Compritol and EC 

were found to be significant for the development of modified release pellets. Innovative finding of the present 

research is to explore the potential use of pregelatinized starch as a dry binder in the post wet extrusion step. 

 

KEYWORDS: Dry binder, galantamine HBr, pregelatinized starch, Compritol, ethyl cellulose. 
 

 

INTRODUCTION: 
Multiparticulate dosage forms are gaining much favour 

over single-unit dosage forms because of their potential 

benefits like predictable gastric emptying, no risk of 

dose dumping, flexible drug release patterns, and 

increased bioavailability with less inter and intra-subject 

variability1,2.  
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Pellets, as a drug delivery system, can deliver a lot of 

benefits such as less irritation in GIT, lowered risk of 

side effects, less-friable dosage form and easy coating. 

Various methods can be utilized to prepare pellets. 

Among various methods, extrusion–spheronization is 

the most frequently and efficiently used methods3. 

 

To date, microcrystalline cellulose (MCC) remains the 

most frequently used excipient for the production of 

pellets by wet extrusion and spheronization. The 

manufactured pellets are particularly characterized by a 

narrow particle size distribution, a high sphericity, and 

suitable mechanical properties. However, with regard to 

low soluble drugs, MCC-based pellets show a tendency 
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to have a prolonged drug release profile because of a 

lack of disintegration4. 

 

The important parameter in pellet is size and shape of 

the pellet which is influenced by number of parameters 

like type of binder, amount of binder, screen hole 

diameter, extruder speed, spheronization time, 

spheronization speed, spheronization load3. To achieve 

desired the pellet shape, size and yield, one of the step 

has been added in the classical process after extrusion 

step. 

 

Globally, India houses the second most number of 

individuals suffering from dementia with an estimated 

4.1 million people suffering from it as per the ‘Dementia 

India’ report published by the Alzheimer’s and Related 

Disorders Society of India. This is expected to double by 

2035. Maharashtra and Uttar Pradesh alone are expected 

to house more than 5, 00, 000 patients by 20265. 

 

Acetylcholinesterase inhibitors, gingko biloba, 

methylphenidate, and a variety of nonpharmacological 

interventions were found to be successful in reducing 

apathy in patients with Alzheimer disease. Currently, 

among several drugs available for Alzheimer’s disease 

treatment, galantamine hydrobromide is the latest one 

recommended to improve the cognitive functions, and 

subsequently to treat Alzheimer’s patients (U.S. 

National Library of Medicine, 2007). Galantamine 

hydrobromide has recently been approved by the FDA 

for symptomatic treatment for Alzheimer’s disease and 

vascular dementia by oral or injectable administration. 

However, its pharmacological activities administered by 

oral method or injection would be likely to cause some 

severe adverse effects in the gastrointestinal tract, and 

some organs or systems outside the central nervous 

system. Therefore, a more efficient 2administration 

route and pharmaceutical preparation to enhance 

delivery ability are urgently needed6,7. 

 

So, the objectives of the present study was to develop 

and characterize functional drug delivery system of 

Antialzheimer drug considering the concepts DOE and 

QbD using modified processing technique incorporating 

release retardants.  

 

MATERIALS AND METHODS: 
Materials: 

Galantamine HBr was received as a gift sample from 

Zydus Research Centre, Ahmedabad, India. 

Microcrystalline cellulose (Avicel PH 101) was obtained 

from FMC Biopolymer (Philadelphia, PA, USA). 

Compritol 888 ATO was obtained from Gattefossé India 

Pvt. Ltd., Mumbai, India.  Ethocel (Ethyl Cellulose) was 

kindly provided by Dow Chemical International Pvt. 

Ltd., Mumbai, India. Etahnol (99%) was procured from 

Ambika Enterprise, Vadodara, India.  In-house ultrapure 

water was used in all experiments. All other chemicals 

used were of analytical reagent grade. 

 

Methods: 

Quality Target Product Profile (QTPP): 

Quality target product profile (QTPP) describes the 

design criteria for the product and should therefore form 

the basis for determining the critical quality attributes, 

critical process parameters and control strategy. The first 

step in QbD is to identify the QTPP, i.e., decide what 

you want the product to do, the type of dosage form and 

manufacturing method8. The QTPP for controlled 

release pellets are shown in Table 1. 

 

Table 1: QTPP for controlled release pellet formulation 

Quality Attributes of the 

Drug Product 
Target Is it a 

CQA? 
Justification 

Physical Attributes 

(Appearance/ odour/ Size/ 

Micromeritic property/ 
Friability) 

Physical attributes should be 

acceptable to the patient. No 

visual defects observed. 

No Physical attributes are not directly linked to safety and efficacy. 

Therefore, they are not critical. The target is set to ensure patient 

acceptability. 

Route of Administration Oral No Dosage form designed to be administered orally 

Dosage form & Dosage 

strength 

Pellets and 200mg No Uniform distribution in GIT and Therapeutic dose 

Identification Positive for drug substance  Yes Though identification is critical for safety and efficacy, this CQA 

can be effectively controlled by the quality management system 

and will be monitored at drug product release. Formulation and 
process variables do not impact identity. 

Assay 

(whole capsule) 

100.0% of label claim Yes Variability in assay will affect safety and efficacy; therefore, assay 

is critical. 

Content Uniformity 
 

Conforms to USP <905> 
Uniformity of Dosage Units 

Yes Variability in content uniformity will affect safety and efficacy. 
Content uniformity of pellet is critical. 

Drug Release Similar drug release to 

marketed formulation: f2 > 50 

Yes For capsule containing a multi-particulate system, a non-uniform 

distribution of beads may cause different drug release profiles 

between whole and split tablets. Therefore, it is critical and the 
target is set in accordance with regulatory guidance. 
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Risk assessment: 

The Failure Mode Effect Analysis (FMEA) method was 

used to perform the qualitative risk assessment, which 

could identify the CQAs that have the greatest chance of 

causing product failure, i.e., not meeting the QTPP. 

Initially, all the possible factors affecting the product 

quality were identified from the literature search and 

past experience. Fish bone diagram was constructed to 

identify potential risk. All the factors were divided into 

six criteria measurement, process, machine, men and 

material9.  

 

Each variable (potential failure mode) was scored in 

terms of failure mode severity (S), occurrence 

probability (O) and likelihood of detection (D). For each 

risk, O, S, D scores were multiplied together to produce 

a “Risk Priority Number” (RPN). 

 

 
 

Where,  

O is the occurrence probability; S, the severity, which is 

a measure of how severe of an effect a given failure 

mode would cause; D is the detectability or the ease that 

a failure mode can be detected, because the more 

detectible a failure mode is, the less risk it presents to 

product quality. We ranked these all parameters as 

described by Fahmy 2012 et al 10. 

 

The RPN threshold was set at 60, and any formulation 

variable or process parameter with an RPN 60 or above 

was regarded as a potential critical factor, that is, 

potential risks are evaluated by subsequent process 

characterization studies since it possibly has a potential 

impact on CQAs and in consequence on product safety 

and efficacy, while factors with a lower RPN can be 

eliminated from further study 3. The concentration of 

Compritol and the concentration of ethyl cellulose were 

identified as the main parameters affect the quality of 

sustained release pellets as these parameters got highest 

RPN score in the FMEA model.  

 

Central Composite Design (CCD): 

The optimization of modified release pellets of GH was 

performed by CCD. From the risk assessment analysis, 

concentration of Compritol and concentration of EC 

were selected as independent variable, studied at three 

levels each. The central point (0) was studied in 

quintuplicate. All other formulation and processing 

variables were kept invariant throughout the study. 

Percentage drug release at 2h (Y1), percentage drug 

release at 6h (Y2) and percentage drug release at 10h 

(Y3) were used separately as the responses in the CCD 

as shown in Table 2. 
 

The quadratic model was generated for each response 

parameter using multiple linear regression analysis 

(MLRA). Each targeted response parameter was 

statistically analyzed by one way ANOVA at 0.05 

probability level. Terms with higher P value (P > 0.05) 

than the critical significance, were removed in the 

backward elimination step. Each term in final regression 

equation was only included if the P value of student t-

test was less than 0.05. The mathematical model was 

expressed as follows:  
 

Second-order polynomial model: 

y= b0 + b1X1 + b2X2 + b3X1 X2+ b4X1X3 + b5X2X3 + b6 

X1
2 + b7 X2

2 + b8 X3
2 

 

Where, y is the measured response, b0 is an intercept and 

b1–b8 are the regression coefficients, X1, X2 represents 

the main effect, X1
2, X2

2 the quadratic effect, and X1X2, 

X2X3 and  X1X3  are the interaction effect.  
 

Three-dimensional (3D) response surface plots and two 

dimensional (2-D) contour plots were constructed based 

on the model polynomial functions using Design Expert 

software. These plots are very useful to see interaction 

effects on the factors on the responses11.  
 

One optimum batch and two check-point batches were 

selected by intensive grid search analysis, performed 

over the entire experimental domain, to validate the 

chosen experimental design and polynomial equations. 

The criterion for selection of optimum was primarily 

based on the desired values of the response parameters, 

i.e. the drug release at 2h, 6h and 10h. The formulations 

corresponding to this optimum were prepared and 

evaluated for various response properties. Resultant 

experimental data were quantitatively compared with 

predicted values and percentage prediction error was 

calculated 12.  
 

Table 2: Coded and actual level of independent variables used for 

Central Composite Design and Responses (Dependent variable) to 

be measured 

Variables Symbol 

Xi 

Coded values 

-1.414 -1 0 1 1.414 

Concentration of 

Compritol 888 

ATO (%) 

X1 4.36 10 15 20 25.63 

Concentration of 

Ethocel (%) 
X2 4.36 10 15 20 25.63 

Responses to be studied 

Response Y Acceptable range 

Y1 =Drug release 

at 2 h (% CDR) 

40-50% 

Y2 = Drug release 

at 6 h (% CDR) 

70-80% 

Y3 = Drug release 

at 10 h (% CDR) 

NLT 85% 
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Preparation of Drug-loaded Pellet: 

Pellets were prepared by laboratory scale extrusion/ 

spheronization process by adopting the following steps: 

Galntamine HBr and Avicel pH 101 were mixed in 

blender mixer for 5 min. Compritol and EC were 

dissolved in a blend of isopropyl alcohol and 

dichloromethane (1:1).organic solvent was added into 

the above powder blend to get wet mass. The mass was 

immediately transferred to the feeder and extruded 

through a mono-screw extruder with a die plate of 1 mm 

diameter (Chronimach India Pvt. Ltd., Ahmedabad, 

India) at a constant screw speed of 30 rpm. The 

extrudates were treated with pregelatinized starch to 

strengthen extrudes and to get maximum yield of 

required size pellets. Then extrudates were spheronized 

using a spheronizer (Chronimach India Pvt. Ltd., 

Ahmedabad, India).  Spheronization was carried out at 

1500 rpm for 10 minutes at room temperatures 

controlled by the inlet air. A radial plate spheronizer 

with a plate diameter of 45.0 cm was used. The wet 

pellets were dried in a hot air oven at 40°C for 1 hour. 

Finally, the pellets were passed through a 16–22 mesh 

and then stored in sealed glass bottles. (Table-1) 
 

Characterization of Pellets: 

Pellet size, size distribution and % yield: 

The size distribution in relation of average diameter of 

the pellets was determined by an optical microscopic 

method. A compound microscope fitted with a 

calibrated ocular diameter and stage micrometer slide 

was used to count at least 100 particles [Parmar KV]. 

Additionally, Size distribution were carried out by 

Kalweka sieve shaker with a standard sieves between 

500 and 4000 μm. The yield was defined as the 

percentage of pellets in the size range between 0.8 and 

1.2 mm.   All the batches were studied with regards to 

the morphological features such as aspect ratio, particle 

size and shape using photomicrograph 13. 
 

Shape analysis: 

The shape of pellets was determined in terms of aspect 

ratio. Aspect ratio is defined as longest ferret diameter 

over the ferret diameter perpendicular to longest. The 

diameter was calculated using optical microscope. 

Thirty pellets were placed on glass slide and observed 

under black background. A perfectly round pellet would 

have an aspect ratio value of <1.2 irrespective of size 

and the value >1.2 for pellets that were progressively 

non-spherical 14,15. Aspect ratio was calculated as 

follows:  
 

Aspect ratio (AR) = dmax/dmin 
 

Where,  

dmax and dmin were the longest and shortest Feret 

diameters measured, respectively. 
 

Flow property: 

The prepared pellets were evaluated for bulk density, 

tapped density, compressibility index (Carr's index), 

angle of repose and Hausners’ ratio 13.  
 

Surface characterization: 

The surface of pellet was characterized by placing the 

pellets on one side of double adhesive stub which was 

then coated with gold (Fine coat, ion sputter, JFC-1100). 

The gold coated pellets were then observed using 

scanning electron microscope (SEM) (ESEM 

TMP+EDAX, Philips, Netherland) at 30 kv. SEM 

images of pellets were captured and observed for size, 

shape and surface at suitable magnification 16.  
 

Friability: 

Friability test (n=3) was performed using friabilator (EF-

2, Electrolab India Pvt. Ltd., Mumbai). A preweighed 

sample (3 g) was placed in the friabilator along with 25 

steel balls, each 2 mm in diameter. After 100 revolutions 

at 25 rpm, the mass retained on 20 mesh sieve was 

weighed, and friability was calculated as the percentage 

loss of mass between the initial and final weights of 

each bead sample 17. The Friability (%) was calculated 

as: 
                           (Initial weight – final weight) 

% Friability= --------------------------------------  X 100 

                                        Initial weight 

Each batch was evaluated in triplicate. 
Table 1: Formulation of galantamine HBr pellets 

Batch Galantamine 

HBr (g) 

Amount of Compritol 

888 ATO (g) 

Amount of Ethocel 

(g) 

Pregelatinized 

Starch (g) 

IPA: DCM Avicel PH 101 

(g) 

G 1 1.6 2 2 0.4 1:1 14 

G2 1.6 4 2 0.4 1:1 12 

G 3 1.6 2 4 0.4 1:1 12 

G 4 1.6 4 4 0.4 1:1 10 

G 5 1.6 0.87 3 0.4 1:1 14.13 

G 6 1.6 5.12 3 0.4 1:1 9.88 

G 7 1.6 3 0.87 0.4 1:1 14.13 

G 8 1.6 3 5.12 0.4 1:1 9.88 

G 9 1.6 3 3 0.4 1:1 12 

G 10 1.6 3 3 0.4 1:1 12 

G 11 1.6 3 3 0.4 1:1 12 

G 12 1.6 3 3 0.4 1:1 12 

G 13 1.6 3 3 0.4 1:1 12 

Batch size = 20g 
Each capsule contained 200 mg pellet eq.to 16 mg galantamine Hbr 
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Drug Content study: 

The content of GH was analyzed spectrophotometrically 

at 288 nm using UV spectrophotometer (UV 1800, 

Shimadzu analytical Pvt. Ltd. India). Twenty mg 

equivalent weight of GH in pellet was accurately 

weighed, powdered and transferred to a 100 ml 

volumetric flask containing distilled water. The solution 

in the volumetric flask was filtered, diluted suitably and 

was analyzed 18. 

 

In-vitro drug release and drug release kinetic study: 

Pellets equivalent to 16 mg GH were studied for release 

test in USP type II (paddle) dissolution apparatus (EDT-

08Lx, Electrolab India Pvt. Ltd., Mumbai) at 100 rpm. 

The release medium was 900 mL of distilled water 

maintained at 37±0.5 °C. At pre-determined time points, 

samples were withdrawn and replaced with an 

equivalent-volume of fresh medium. The samples were 

filtered through 0.45 μm filter and then analyzed for GH 

as the amount of drug was measured at absorption 

maxima of 288 nm using UV-visible spectrophotometer 

(UV 1800, Shimadzu analytical Pvt. Ltd. India)19,20. The 

similarity factor (f2) method was used to assess the 

similarity of two release profiles 21. In vitro drug release 

of optimized GH sustained release Pellets were fitted 

using different mathematical models like zero order 

kinetics, first order kinetics, Korsmeyer–Peppas model 
22 and Higuchi model 23. The parameters in each 

equation were determined by using DDSolver software 
24. The correlation coefficient (R) was used to evaluate 

the applicability of these release models. The model 

with a maximum R value was the best fit one. 

 

Prediction of in vivo data from in vitro data:  

In vivo pharmacokinetic parameters were predicted from 

in vitro drug release data of optimized batch by the use 

of back calculation of Wagner Nelson Method using the 

reported pharmacokinetic parameters like volume of 

distribution (Vd), oral bioavailability (F) and elimination 

rate constant (Ke) of drug 25. The derived equation of 

Back calculation Wagner Nelson is as follows: 

 

 
 

Where, Ct+1 = Predicted Plasma Concentration at time 

t+1, D = Dose of drug administered, Vd = Apparent 

volume of distribution, Ct = Plasma Concentration at 

time t, ΔF = Fraction of dose absorbed, Δt = Time 

interval between t and t+1, Ke = Elimination rate 

constant of the drug 26. 

 

The predicted in vivo data of the optimized batch was 

then compared to the reported in vivo data and % 

prediction error (%PE) was calculated. % PE for each 

formulation should not exceed 15% 27. 

 

RESULT AND DISCUSSION: 
Risk Assessment Analysis: 

A fishbone diagram was constructed in accordance with 

ICH Q8 R2 guideline, to identify an initial list of 

potential high risk factors that might influence the 

quality of the GH loaded pellets as shown in Fig. 1. Six 

main causes (material, man, measurement, environment, 

machine and process factors) were identified. All the 

factors except material and process had non-significant 

effect as all research work done under standard 

conditions which were fixed by preliminary trials or 

prior knowledge. Risk Priority Number (RPN) was 

calculated based on occurance, severity and detectability 

as shown in Table 3 3,28. The factors which has high 

impact on in vivo performance or in vitro drug release, 

given high RPN score (>60) compared to others. The 

concentration of Compritol and concentration of ethyl 

cellulose were identified as potentially important factors. 

Potential risks are evaluated by subsequent process 

characterization studies since it possibly has a potential 

impact on CQAs and in consequence on product safety 

and efficacy, while factors with a lower RPN can be 

eliminated from further study.  

 

 
Fig. 1: Fishbone diagram for pellet formulation and development 
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Table 4: FMEA analysis: RPN Score of individual parameters  
Failure mode Impact of 

change 

Occurrence Route of failure Severity Control Measure Detection RPN Rank 

Materi

al 

Conc. of Ethyl 

Cellulose 

In vitro drug 

release, 

Friability 

5 Different 

concentration, 

Material 

variation 

5 Dissolution 

apparatus, Friabilator 

qualification 

5 125 1 

 
Avicel ph 101 

amount 

Sphericity of 
pellet 

4 Material variation 1 Optical Microscope, 
Sieve analysis 

3 12 8 

 
Conc. of 

Compritol 800 

ATO 

Dissolution, 

Friability 

5 Different 

Concentration, 

Material 

Variation 

5 Dissolution, Friability 

tester 

5 125 1 

 
Conc. of 

Pregelatinized 

starch 

Pellet shape and 

size, % yield 

3 Different 

Concentration, 
Material Variation 

4 Proper blending 3 36 4 

Enviro

nment 

Humidity Pellet quality 1 Change in 

atmospheric 

condition 

1 Hygrometer 1 1 11 

 
Pressure No effect 1 Change in 

atmospheric 

condition 

1 Manometer 1 1 11 

 
Temperature Pellet quality 1 Change in 

atmospheric 

condition 

1 Thermometer 1 1 11 

Man Analyst Product Quality 
Testing 

1 Manual error 1 Audit, SOP 1 1 11 

 
Stockiest Product Quality 1 Manual error 1 Audit, SOP 1 1 11  
Retailer Product Quality 1 Manual error 1 Audit, SOP 1 1 11  
QC Person Product Quality 

Testing 
1 Manual error 1 Audit, SOP 1 1 11 

 
Formulator Product Quality 1 Manual error 1 Audit, SOP 1 1 11 

Measu

remen

t 

Particle size and 

size distribution 

Pellet quality 3 Machine Failure, 

Poor development 

3 Optical Microscope, 

Sieve analysis 

1 9 9 

 
In vitro drug 

release 

Dissolution 4 Machine Failure, 

Poor development 

5 Dissolution tester 5 100 2 

 
Alcohol induced 

dose dumping 

Dissolution 4 Machine Failure, 
Poor development 

3 Dissolution tester 3 36 4 

 
IVIVC Poor Prediction 4 Machine Failure, 

Poor development 

3 Dissolution 3 36 4 

 
Drug release 

kinetics 

Variable drug 
release 

4 Machine Failure, 
Poor development 

3 Dissolution 3 36 4 

 
Micromeritic 

Property 

Poor Pellet 

quality 

3 Machine Failure, 

Poor development 

1 Carr's Index, Angle of 

Repose 

3 9 9 

 
Physicochemical 

Parameter 

Friability, 
Weight variation 

3 Machine Failure, 
Poor development 

1 Roche friabilator, 
Weight balance 

4 12 8 

Machi

ne 

Dissolution 

apparatus 

Dissolution, 

IVIVC 

4 Operator's Error, 

Equipment failure 

3 Validation and 

qualification of 
instrument 

1 12 8 

 
UV 

Spectrophotomet

er 

Drug Estimation 3 Operator's Error, 

Equipment failure 

3 Validation and 

qualification of 

instrument 

1 9 9 

 
Extruder 

Spheronizer 

Sphericity of 

Pellet 

3 Operator's Error, 

Equipment failure 

1 Validation and 

qualification of 

instrument 

1 3 10 

 
Dryer Physical 

Property 
3 Operator's Error, 

Equipment failure 
1 Validation and 

qualification of 

instrument 

1 3 10 

Proces

s 

Sieve Number Particle size 3 Operator's Error, 
Equipment failure 

1 Validation 1 3 10 

 
Speed of 

Extruder 

Sphericity of 

Pellet 

4 Machine failure, 

Poor 

development, 
Operator's error 

4 Automation of 

Machine 

3 48 3 

 
Drying Method Non-uniform 

drying 

3 Machine failure, 

Poor 
development, 

Operator's error 

3 Automation of 

Machine 

1 9 9 
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Mixing method Non-uniform 

mixing 
3 Machine failure, 

Poor 

development, 

Operator's error 

3 Automation of 
Machine 

1 9 9 

 
Mixing Time and 

speed 

Non-uniform 
mixing 

3 Machine failure, 
Poor 

development, 

Operator's error 

3 Automation of 
Machine 

3 27 6 

 
Drying Temp. 

and Time 

Non-uniform 

drying 

3 Machine failure, 

Poor 

development, 
Operator's error 

3 Automation of 

Machine 

3 27 6 

 
Speed of 

Spheronizer 

Non-uniform 

particle size 

4 Machine Failure, 

Poor 

development, 
Operator's error 

3 Automation of 

Machine 

2 24 7 

 
Load in 

Extruder 

Sphericity of 

pellet 

4 Machine Failure, 

Poor 
development, 

Operator's error 

4 Automation of 

Machine 

2 32 5 

 
Spheronization 

time 

Sphericity of 

pellet 

4 Machine Failure, 

Poor 
development, 

Operator's error 

4 Automation of 

Machine 

2 32 5 

 

Optimization of Critical Process Parameters (CPP) 

of Pellet Formulation: 

Central composite design was employed for the 

optimization of responses. Thirteen batches were 

prepared which 22 factorial points, four star points and 

five replicates at the centre point. Polynomial equation 

was constructed using design expert (version 8.0.7.1). 

Response surface plot and contour plots were drawn. 

The experiment runs with independent variables and the 

observed responses are shown in Table 5. 

 

Polynomial equation including the main effects, 

interaction terms and polynomial terms were selected 

based on the estimation of several statistical parameters, 

such as the multiple correlation coefficient (R2), 

adjusted multiple correlation coefficient (adjusted R2) 

and the predicted residual sum of squares (PRESS), 

provided by all responses were best fitted quadratic 

model. Less significant (P >0.05) were eliminated from 

full model. Coefficients with negative sign signify the 

antagonistic effect, while positive sign signifies the 

synergistic effect to the responses. 

 
 

Table 5: Design layout responses obtained in the Central 

Composite Design batches 

Batch X1 X2 Y1 (%) Y2 (%) Y3 (%) 

G 1 -1.00 -1.00 56.57 78.36 94.2 

G2 1.00 -1.00 50.98 73.52 90.41 

G 3 -1.00 1.00 51.37 73.07 86.18 

G 4 1.00 1.00 32.85 55.34 70.23 

G 5 -1.41 0.00 56.37 78.88 93.53 

G 6 1.41 0.00 30.7 56.85 74.38 

G 7 0.00 -1.41 53.8 79.31 97.5 

G 8 0.00 1.41 36.34 58.89 73.83 

G 9 0.00 0.00 45.26 73.54 91.16 

G 10 0.00 0.00 43.12 73.91 91.53 

G 11 0.00 0.00 45.05 74.55 86.08 

G 12 0.00 0.00 47.18 76.91 94.35 

G 13 0.00 0.00 43.14 74.02 90.24 

 

Multiple linear regression analysis (MLRA) and analysis 

of variance (ANOVA) were performed to identify the 

relationship between two independent factors (X1 and 

X2) and three dependent variables (Y1, Y2 and Y3). The 

results of MLR (the value of correlation coefficient and 

the values of coefficients) and ANOVA (Fisher’s ratio 

and P values) are summarized in Table 6 for the three 

responses. 

 

 

Table 6: ANOVA for Response Y1, Y2 and Y3 Surface Quadratic Model 

Factors Y1 Y2 Y3 

 F value P value Coded Coefficient F value P value Coded 

Coefficient 

F value P value Coded 

Coefficient 

Model 19.57 0.0006 44.75 46.29 < 0.0001 74.59 26.78 0.0002 90.67 

X1 – A 56.21 0.0001 -7.55 100.23 < 0.0001 -6.72 41.35 0.0004 -5.85 

X1- B 35.51 0.0006 -6.00 95.15 < 0.0001 -6.54 71.75 < 0.0001 -7.71 

AB 5.15 0.0575 -3.23 11.54 0.0115 -3.22 5.58 0.0502 -3.04 

A2 0.078 0.7875 0.30 16.97 0.0045 -2.96 11.07 0.0126 -3.25 

B2 0.98 0.3549 1.07 10.63 0.0139 -2.35 6.01 0.0440 -2.39 

Lack of Fit 5.25 0.0715  3.29 0.1403  0.40 0.7640  

R2 Value 0.9333  0.9706  0.9503  
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Response Y1 - drug release at 2hr: 

Large model R2 value (0.9333) and high F value (19.57) 

with very low p value (0. 0006) for drug release at 2h 

indicates that the model is significant for this response.  

The results which are summarized in Table 5 indicate 

that at least one of two factors had a significant effect on 

X1. Here, both the main effect i.e. concentration of ethyl 

cellulose (P = 0.0006) and concentration of Compritol 

(P=0.0001) had significant effect on % drug release at 2 

h as P value is less than 0.005. The interaction terms had 

non-significant effect on % drug release 2h as P> 0.005. 

The lack of fit was found non-significant, which was 

desired. Compritol 888 ATO has more pronounced 

hydrophobic property attributed to longer fatty acid 

chain length in behenic acid. Increasing Compritol 888 

ATO concentration caused reduction in the drug release 

due to decreased permeation of dissolution medium into 

the pellets resulting from increased lipophilicity of the 

waxy substance. In addition to Compritol, EC also 

effectively retarded the drug release. This is obvious 

since ethyl cellulose is practically insoluble in aqueous 

medium and therefore the drug is released by erosion 

mechanism. It has been previously reported that high 

levels of EC reduce drug release rates on account of 

formation of a strong matrix with reduced porosity. This 

increases diffusional path length leading to reduced 

water penetration through the micropores resulting in 

slower drug release (S. Chandran). From the polynomial 

equation, it is also seen that the factor X1 and X2 exhibit 

negative effect on Y1. Significant change in % drug 

released at 2 h can be obtained by making slight change 

in the concentration of both polymers. The relationship 

between the dependent and independent variables was 

also elucidated by constructing response surface plots as 

shown in Fig. 2. The contour lines are non-linear in 

nature in the contour plot since only the main terms (X1 

and X2) and interaction effects were found significant 

for % CDR at 2h. The equation in terms of un-coded 

factors is: 
 

Y1=+44.75 - 7.55X1 - 6.00X2 - 3.23 X1 X2 + 0.30 X1
2 + 

1.07 X2
2 

 

Response Y2 - Drug Release at 6h: 

Large model R2 values (0.9706) and high F value 

(46.29) with very low p value (0. 0001) for Drug 

Release at 6h indicated that the model was predictive 

and significant for this response. The main effect and 

interaction terms both have significant effect on 

response Y2 as p value is <0.05. Therefore, conclusions 

cannot be drawn from the numerical values of the 

coefficients of the main effects and interaction effect. In 

such instances, it is common to draw the conclusions 

from the contour plot rather the values of coefficients. 

Figure 2 shows the contour plot for % CDR at 6 h. The 

contour lines are non-linear in nature. Factor X1-

Concentration of Compritol was the most significant 

factor (F=100.23, p=0.0001) affecting the drug release at 

6h negatively; increase in the concentration of polymer 

reduced the drug release at 6h. Also Factor X2- 

concentration of ethyl cellulose has the negative effect 

on drug release at 6h (F=95.15, p=0.0001). From the 

equation it is also observed that interaction terms have 

also the negative effect on drug release at 6 hrs. The lack 

of fit was found non-significant, which is desired.  The 

reason cited above for release retardation is also 

applicable at this sampling time. The equation in terms 

of un-coded factors is: 
 

Y2 =+74.59 - 6.72 X1 - 6.54 X2 - 3.22 X1 X2 - 2.96 X1
2 - 

2.35 X2
2 

 

Response Y3 - Drug Release at 10h: 

The main effect and interaction terms both have 

significant effect on response Y2 as p value is <0.05. 

Therefore, conclusions cannot be drawn from the 

numerical values of the coefficients of the main effects 

and interaction effect. In such instances, it is common to 

draw the conclusions from the contour plot rather the 

values of coefficients. Figure 2 shows the contour plot 

for % CDR at 10h. The contour lines are non-linear in 

nature. Factor X2- concentration of ethyl cellulose was 

the most significant factor (F=71.75, p=0.0001) 

affecting the drug release at 10h negatively; increase in 

the concentration of polymer reduced the drug release at 

10h. Also X1-Concentration of Compritol has the 

negative effect on drug release at 10h (F=41.35, 

p=0.0004). From the equation it is also observed that 

interaction terms have also the negative effect on drug 

release at 10h. The lack of fit was found non-significant, 

which is desired.  The reason cited above for release 

retardation is also applicable at this sampling time. The 

equation in terms of un-coded factors is: 
 

Y3 = +93.90 - 2.70 X1 - 8.08 X2 + 6.40 X1 X2 - 4.16 X1
2 - 

3.52 X2
2 

 

 

Design space and validation of response surface 

methodology: 

Design space is identified using overlaid plot which 

gives acceptable region combining the all contour plots 

of each responses. Overlaid plot was drawn in design 

expert software which is shown in Fig. 2. An ideal 

product is one which satisfies the requirements of drug 

released at 2, 6 and 12 h. The yellow colored region 

shown in overlaid plot is optimized region. The scientist 

is free to choose any point within the design space.  It is 

worthwhile to note that FDA requires that the design 

space be clearly defined in ANDA. Optimization was 

achieved by computing overall desirability. The 

software suggested that when the concentration of 

Compritol and ethyl cellulose was 0.84 and -0.70 (see 

the square within the overlaid plot), the three 

requirements, outlined in Table 7 are satisfied.  
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The validation of model was performed by grid search 

analysis method. For this, additional two random check 

point batches were selected from extreme points of the 

design space. The responses of both the batches were 

predicted using software. These additional two batches 

were formulated and responses were observed or 

recorded. The observed responses were compared with 

the predicted responses using percentage prediction 

error. The observed responses, predicted responses and 

percentage prediction error were shown in Table 7. The 

percentage prediction error was found to be in the range 

of -4.92 to 2.40 which is highly desirable. . The low 

magnitudes of error as well as the significant values of 

R2 in the present study prove high predictive ability of 

RSM.  

 
Fig.2: Contour plot of response Y1, Y2, Y3 and overlay plot 

 

Table7: Validation of model 

Check point Batches M1 M2 M3 

X1(%) 0.84 0.59 0.55 

X2(%) -0.70 -0.17 -0.60 

Y1
p (%) 44.99 44.99 44.99 

Y1
a (%) 42.27 43.29 46.12 

% Error# -6.43 -3.92 2.45 

Y2
p (%) 68.63 68.27 68.98 

Y2
a (%) 75.08 65.25 66.67 

% Error# 8.59 -4.62 -3.46 

Y3
p (%) 87.7 86.94 88.4 

Y3
a (%) 92.26 85.29 87.14 

% Error# 4.94 -1.93 -1.44 
a Actual Value, p Predicted Value, M1 Optimized Batch, M2 and M3 

Check point batches having desirability near 0.99 from grid search 
 

Risk mitigation and control strategy: 

The risk mitigation and control strategy demonstrates 

product knowledge of the current process and assures 

that quality is built into the product and not just tested- 

the objective of QbD. As seen in the initial risk 

assessment, the attribute which secure less than 60 RPN 

score had least chances of affecting final product quality 

(CQA). Hence it was not further investigated and 

marked as low risk in risk control strategy. 

Concentration of compritol and ethyl cellulose secured 

more than 60 RPN score, so they were considered more 

significant. These both factors were studied further in 

optimization study by central composite design. Central 

Composite Design was used to investigate the 

multidimensional interaction of X1, X2 and X3 on Y1 and 

Y2. A design space was established for these input 

variables which were ranked as high risk in the initial 

risk assessment. 
 

Shape analysis: 

Shape analysis or roundness of pellet was observed by 

aspect ratio parameter. A perfectly round pellet would 

have an aspect ratio value between 0.8 to 1.2 

irrespective of size and the value >1.2 or <0.8 for pellets 

that were progressively non-spherical. The aspect ratio 

values of all the batches were found between 0.8 to 1.2 

except Batch G4, G6 and G8. The values of aspect ratio 

of G4, G6 and G8 were found to be > 1.2 due to higher 

concentration of Compritol 888 ATO and ethyl 

cellulose. The aspect ratio of optimized batch was found 

to be 0.99 so found spherical in shape. Loading of 

extrudates, spheronization time and speed had also great 

influence over the pellet shape but they were kept 

constant during process. Table 7 shows the shape 

analysis and data of aspect ratio for factorial designed 

batches.  
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Table 8: Characterization of Pellets 

Batch Aspect 

Ratio 

Shape Pellet Size 

(mm) 

% Yield 

(%) 

Carr's 

Index 

(%) 

Hausner's 

Ratio 

Angle of 

repose (˚) 

Drug 

Content 

(%) 

Friability 

(%) 

G 1 0.90±0.12 Spherical 1.20±0.22 98.00±0.40 6.38±0.19 1.06±0.002 18.33±0.47 98.68±1.41 0.79±0.04 

G 2 0.91±0.10 Spherical 1.04±0.12 96.67±1.24 6.98±0.22 1.07±0.002 17.33±0.48 98.03±2.14 0.41±0.06 

G 3 1.10±0.2 Spherical 1.07±0.12 98.50±1.08 6.82±0.22 1.073±0.002 17.00±0.82 99.34±1.93 0.38±0.04 

G 4 1.33±0.02 Spherical + 

Oval 

0.89±0.01 97.17±1.64 6.98±0.22 1.07±0.003 17.84±0.85 99.34±1.61 0.01±0.01 

G 5 1.00±0.25 Spherical 1.18±0.02 98.67±0.84 6.68±0.36 1.07±0.004 18.66±0.24 99.12±1.24 0.74±0.06 

G 6 1.23±0.5 Spherical + 

Oval 

0.90±0.01 96.33±1.24 6.00±0.17 1.06±0.001 18.84±0.23 101.97±1.61 0.06±0.04 

G 7 1.01±0.24 Spherical 1.13±0.05 96.67±0.47 6.38±0.19 1.06±0.002 19.17±0.24 101.75±2.17 0.68±0.05 

G 8 1.21±0.30 Spherical + 
Oval 

0.88±0.02 97.00±0.81 6.52±0.19 1.06±0.002 18.66±0.48 98.25±2.75 0.13±0.14 

G 9 0.91±0.24 Spherical 0.96±0.04 97.00±1.47 6.520.19 1.06±0.002 19.90±0.54 100.88±2.03 0.23±0.07 

G 10 0.97±0.30 Spherical 1.06±0.10 97.67±1.24 6.840.42 1.07±0.004 19.34±0.47 101.32±2.46 0.19±0.08 

G 11 1.13±0.90 Spherical 0.96±0.02 97.33±1.64 6.520.19 1.06±0.002 19.00±0.82 100.88±2.64 0.23±0.09 

G 12 1.10±0.78 Spherical 0.98±0.03 95.83±1.17 6.12±0.17 1.06±0.001 16.67±0.47 98.90±2.64 0.12±0.04 

G 13 1.00±0.98 Spherical 1.03±0.05 97.00±1.47 6.26±0.32 1.06±0.003 19.50±1.08 99.78±2.48 0.13±0.05 

Optimum 

Batch 

0.99±0.35 Spherical 0.98±0.14 98.24±1.20 7.07±1.24 1.08±0.014 18.66±0.94 98.69±0.31 0.2±0.07 

n=3 
 

Pellet Size and % yield of pellets: 

Pellet size was performed optical microscopy method 

which was depicted in Table 8. Number of other process 

parameters like orifice diameter, spheronization time, 

spheronization speed and load of extrudates also affects 

the pellet size but they all kept constant during 

formulation of all batches. The results of pellet size of 

different batches demonstrate that as concentration of 

polymer increase, the pellet size decreases and vice 

versa. Batch G1, G5 and G7 had high pellet size due to 

lower concentration of polymer while batch G4, G6 and 

G8 showed less pellet size due to high concentration of 

polymers. The Pellet size of optimized batch was found 

to be 0.98±0.14 mm. Yield is calculated only from the 

pellet size in the range of 0.85 to 1.2mm. Yield of all the 

batches were found very high in the range of 95.83 to 

98.50 % mainly due to the effect of pregelatinized starch 

which is sprinkled after the stage of extrusion. 
 

Micromeritic Property: 

Flow properties are the significant concern in the 

formulation and industrial production of oral solid 

dosage form .All the results of micromeritic properties 

were shown in Table 8. The Carr’s index of different 

batches of pellets was found to be in the range of 6.00 to 

7.07 which showed excellent flow property and 

compressibility. Angle of repose is characteristic to 

predict the flow rate of powder. Angle of repose of 

pellets was found to be in the range of 16.67 to 19.50º 

which indicated Good flow property. Hausner’s ratio 

was found to be in the range of 1.06-1.08 which 

indicated Good flow property. 

 

Surface characterization by SEM: 

SEM images were taken for the optimized batch pellets. 

The pellets were found to be spherical and surface was 

found to be smooth as shown in Fig. 3. The smooth 

surface as well as desired pellet size was obtained due to 

the effect of pregelatinized starch. 
 

 
 

 
Fig. 3: SEM photograph of pellet 
 

Friability of pellets (%): 

In general, friability indicates the ability of pellets to 

withstand the shear forces during handling and various 

pharmaceutical procedures. All thirteen batches of 

pellets were found to have high mechanical strength, as 

indicated by their friability values (<1% w/w). Friability 

of all thirteen batches was found to be less than 1 % 

ranging between 0.01- 0.79 % and hence were found to 

be within the limits. As the concentration of polymer 

increases, the pellets were become less friable so finally 
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friability decreases. G4 and G6 batches have very less 

friability as both batches contain high amount of 

polymers i.e. Compritol and Ethyl Cellulose. Vice versa, 

G1 and G7 batches contain low amount of polymers 

which yield slightly high friability value but it was less 

than 1%.  

 

Drug content of pellets: 

Drug content of Batch G1 to G13 was ranging between 

98.03 to 101.97 %w/w as shown in Table 8. Drug 

content of Optimized batch was found to be 

98.69%w/w. 
 

In vitro Drug Release Study and drug release kinetic: 

In vitro drug release profiles of all GH pellet Batches as 

well as marketed formulation of GH and optimized GH 

Pellet were depicted Fig. 4. The batches which 

contained lesser amount of Compritol and Ethyl 

Cellulose showed higher drug release. As shown in 

figure 2 as ratio of polymers increased from 5 % to 25 

%, it resulted into greater retardation of drug release. 

This might be due to an increased polymer concentration 

resulting in a decrease in the total porosity of the 

matrices (initial porosity plus porosity due to dissolution 

of the drug), decreasing the penetration of the 

dissolution medium into the matrix system and thus 

reducing drug dissolution. In addition, increasing the 

polymer content led to an increase in the drug diffusion 

path length, which in turn retarded drug diffusion from 

the matrix 29. Batch G 4, G 6 and G 8 which contains 

high amount of polymer showed less drug release 

compared to marketed product. Drug release was found 

incomplete in those all the batches. Batch G 5 and G 7 

showed high drug release as concentrations of polymers 

were less in both batches. Both the batches released the 

drug more than 90% in 10 hrs.  

 

It shows that the best-fit release kinetic data with the 

highest values of regression coefficient (r2) were shown 

by Higuchi models and zero order. The values of n were 

in the range of 0.5 to 0.6088 (i.e., between 0.50 – 0.89) 

exhibits non-fickian (anomalous) transport in which the 

drug was delivered by combined effect of diffusion and 

polymer relaxation (21). Data of r2 indicate that Peppas 

models also suitably described the release of 

Galantamine from the pellets. None of the formulation 

exhibited first order kinetics. 

 

All the batches were compared with marketed 

formulation and similarity factor f2 was calculated for 

each batch. Batch G4 (20 % Compritol and 20% EC), 

G6 (25% Compritol and 15% EC) and G8 (15% 

Compritol and 25 % EC) which contains high amount of 

polymers showed f2 value < 50 means they were not 

similar to the marketed formulation. Remaining all the 

batches had the f2 value between 50 to 100 means 

showed similar drug release to that of marketed 

formulation. The f2 value of optimized batch was found 

to be 77.03. 
 

 
Fig. 4: In vitro drug release of GH pellet 
 

Prediction of in vivo plasma concentration–time 

profile from in vitro release data: 

The bioavailability parameters Cmax, Tmax and AUC, 

predicted from back calculation of Wagner Nelson 

approach method were found to be 44.59ng/mL, 2h and 

299.15 respectively for optimized formulation. These 

parameters were found to be similar with reported in 

vivo PK data (42.3 ng/ml, 1.9 hrs and 277 respectively). 

The percentage predication error (% PE) values for Cmax, 

Tmax and AUC were found to be –5.42%, -5.26% and -

8.00% for GH 16 mg CR Pellets. It is clear that %PE for 

each parameter is not exceeding 15%. These results 

indicate the ability and validation of numerical 

convolution techniques to predict the plasma drug 

profile from in vitro release data. The predicted plasma 

concentration time is shown in Fig. 5. 
 

 
Fig. 5: Predicted in vivo plasma concentration time profile from in 

vitro drug release data 
 

CONCLUSION: 
The current pharmaceutical quality system incorporates 

the concepts of quality metrics, pharmaceutical 

development (ICH Q8), quality risk management (QRM, 

ICH Q9), and pharmaceutical quality system (ICH Q10). 

Based on the prior knowledge and available literature, 

detailed failure mode and effect analysis, a popular 

QRM technique, was carried out to identify potentially 
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critical factors for identifying design space. One of the 

catchy finding of the present study was to use 

pregelatinized starch in the post extrusion step to obtain 

superior product and high yield. The drug release was 

significantly influenced by the amount of Compritol and 

ethyl cellulose. The findings of the current study can be 

useful to draft the control strategy for the life cycle 

management of the product. 
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ABSTRACT: 
Objective: The objective of the present study was to assess the interaction between the Galantamine HBr pellets 

and alcohol. Concomitant administration of alcohol and formulation can affect the plasma concentration of drug 

or give dose dumping effect or failure of the dosage form as the number of excipients especially polymers used 

in the modified dosage form cannot withstand in the presence of alcohol. Materials and Methods: The modified 

release pellets of galantamine hydrobromide were formulated incorporating a waxy polymer – Compritol 888 

ATO and a hydrophobic polymer – Ethocel using extrusion spheronization technique. In vitro drug release of 

galntamine pellets was performed in distilled water and 10-40% ethanol containing distilled water. The saturated 

solubility of galantamine was measured in different dissolution media and pure ethanol. Results and 

Discussion: In vitro drug release study showed similarity at all the levels of alcohol (10-40%) as f2 value was 

found to be more than 50. In vitro drug release was slightly reduced in the presence of alcohol as the galantamine 

is slightly less soluble in ethanol compared to distilled water. There was change observed in drug release kinetics 

and mechanism but no significant change was observed in drug release. Conclusion: The suitability of 

Compritol 888 ATO and Ethocel as a matrix forming excipient in the formulation of pellets can resist the effect 

of alcohol makes it suitable for the alternative polymer in the wider application for designing of modified release 

dosage form. 

 

KEYWORDS: Hydroalcoholic media, Compritol 888 ATO, Ethocel, Sustained release pellets, Galantamine 

HBr 
 

 

INTRODUCTION: 
The vulnerability of controlled release formulations 

when co-ingested with alcohol represents a current 

major concern of regulatory agencies1. Concomitant 

administration of medications and alcohol especially 

ethanol can significantly disturb the drug concentration 

in blood plasma. This is mainly due to the failure of 

dosage form in the presence of alcohol.  
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Failure of the dosage form may be due to the sensitivity 

of some excipients against alcohol2. It may also be due 

to the higher or lower solubility of drug in alcohol 

compared to water. Failure of dosage form means initial 

burst release or dose dumping which leads to toxicity to 

the patient. 

 

As per the report of World Health Organization (WHO), 

more than 3 million people died due to the harmful 

effect of alcohol means 1 in 20 deaths. In these deaths, 

more than three-quarter are only men amongst all which 

suggest men are more abused to alcohol compared to 

women. Overall, the harmful use of alcohol causes more 

than 5% of the global disease burden. In the current 
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scenario, the number of alcohol consumers as well as the 

consumption of alcohol is increased in the Western 

Pacific and South-East Asia regions. These regions 

include China and India which have high population3. 
 

The Food and Drug Administration (FDA) of United 

States withdrawn Palladone, an extended-release 

narcotic analgesic capsule of Hydromorphone 

hydrochloride, from the US market. It is mainly due to 

fatal adverse reactions" occurred in patient due to the 

higher concentration of drug in the plasma4,5. 

Immediately FDA issued an alert on “risks of ethanol 

induced dose dumping from oral sustained/controlled 

release dosage forms”.  
 

Excipients especially polymers make up the huge 

proportion in the oral solid controlled drug delivery 

formulation. Polymers are important for controlling the 

release rate of drug from the dosage form therefore it is 

important to evaluate their flexibility under the harsh 

condition of gastrointestinal tract6. Additionally, 

modified release dosage form contains high amount of 

drug in the formulation compared to other simple 

formulation since the drug content is intended to be 

released at a preprogramed rate over a long period of 

time. It is therefore important to be able to identify 

polymers or excipients that are alcohol-resistant in order 

to be able to include them in alcohol resistant 

pharmaceutical formulations. The oral administration of 

a dose dumping susceptible formulation with alcohol 

affects the release regulating barriers of the formulation 

which could result in an overdose, escalation of 

pharmacological or side effects, and in the worst case 

scenario death depending on the drug administered. This 

is apart from the physiological effect of alcohol 

consumption which may prolong the gastric emptying 

rate and onset of drug absorption depending on the 

calorific content of the alcoholic beverage2. 
 

Misssaghi et al. found that HPMC should not cause dose 

dumping in the presence of alcoholic beverages, even 

though the textural and rheological properties of the 

hydrated HPMC may be influenced in the presence of 

ethanol up to 40% v/v7. Levina et al. found that when 

the HPMC K4 M and K100 M tablets were examined 

under the hydro-ethanolic media for only 1h, there was 

no significant change was observed in the drug release 

but when exposed to hydro-alcoholic media for 12 h, 

there was significant change in drug release but it was 

due to change in solubility of drug in media and not due 

to failure of matrices8. 
 

Emeje et al found that hydro-alcoholic media affect the 

kinetics and mechanism of in vitro dissolution of drug 

from sustained release tablet of containing carbopol as 

polymer. Dose dumping is observed mainly due to the 

interaction between polymer and alcohol9. 

Larsson et al studied the effect of hydro-alcoholic media 

on water permeability of film containing ethyl cellulose 

and hydroxy propyl cellulose (HPC). They found that 

low HPC containing film shown high water permeability 

as the concentration of alcohol increases because 

diffusion through ethyl cellulose increased due to the 

swelling. Vice a versa, as the concentration of HPC 

increases, permeability decreases due to blocking of 

pores by swelling of ethyl cellulose10. 

 

In this study, the main focus was to assess the influence 

of hydro-alcoholic media on the multiparticulate 

formulation containing waxy and hydrophobic 

polymers. Multiparticulate dosage forms are gaining 

much favour over single unit dosage forms because of 

their potential benefits like predictable gastric emptying, 

no risk of dose dumping, flexible release patterns, and 

increased bioavailability with less inter and intra-subject 

variability11,12. Pellets as a drug delivery system offer 

not only therapeutic advantages, such as less irritation of 

the gastrointestinal tract and a lowered risk of side 

effects due to dose dumping but also technological 

advantages, for example, better flow properties, less 

friable dosage form, narrow particle size distribution, 

ease of coating and uniform packing11,13.  

 

Lipidic and polymeric materials are widely used to 

modulate the release of drugs from the pharmaceutical 

dosage forms to achieve greater safety and 

efficacy14. Compritol® 888ATO (COM), a lipid 

excipient with IIG and GRAS status along with 

excellent tableting properties provides sustained and 

controlled release of drugs wherein release mechanism 

is based on diffusion and erosion. Drug delivery can be 

successfully extended for a linger of time mainly due to 

the lipophilic nature and poor wettability of COM. It can 

control the drug release of both high and low solubility 

drugs. It has no effect of pH and also insoluble in 

ethanol15. Ethyl cellulose (EC) is a non-toxic, stable, 

compressible, inert, hydrophobic polymer that has been 

widely used to prepare pharmaceutical dosage forms16. 

 

So, the objective of the present research was to assess 

the vulnerability of controlled release pellets congaing 

waxy polymer and potent drug in the presence of hydro-

alcoholic media.  

 

MATERIAL AND METHODS: 
Materials: 

Galantamine HBr (GH) was obtained as a gift sample 

from Zydus Research Centre, Ahmedabad, India. 

Microcrystalline cellulose (Avicel PH 101) was received 

from FMC Biopolymer (Philadelphia, PA, USA). COM 

was obtained from Gattefossé India Pvt. Ltd., Mumbai, 

India.  EC was kindly provided by Dow Chemical 

International Pvt. Ltd., Mumbai, India. Etahnol (99%) 
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was procured from Ambika Enterprise, Vadodara, India.  

In-house ultrapure water was used in all experiments. 

All other chemicals used were of analytical reagent 

grade. 

 

Preparation of Drug-loaded Pellet: 

Pellets were prepared by a laboratory scale extrusion/ 

spheronization process. The wet mass was prepared by 

addition of binder solution in a dry powder mixture of 

GH and Avicel PH 101, mixed for 5 min in blender 

mixer. The binder solution was prepared by dissolving 

COM and EC in a blend of isopropyl alcohol and 

dichloromethane (1:1).  The wet mass was immediately 

transferred to the single screw extruder using 1 mm 

diameter die plate (Chronimach India Pvt. Ltd., 

Ahmedabad, India) at a constant screw speed of 30 

rpm17. The extrudates were treated with pregealtinized 

starch to strengthen extrudes and to get maximum yield 

of required size pellets. This is the innovative step 

incorporated between the classical extrusion and 

pelletization process. The extrudates were further 

spheronized in a spheronizer (Chronimach India Pvt. 

Ltd., Ahmedabad, India) using crosshatch plate of 

diameter 45 cm at 1500rpm for 10 min. at room 

temperature. The wet pellets were further dried at 40°C 

for 1h in the hot air oven. Finally, the pellets were 

passed through a 16–22 mesh and then stored in sealed 

glass containers. 

 

Optimization of formulation and selection of 

optimized batch for hydro-alcoholic media effect on 

drug release: 

The optimization of modified release pellets of GH was 

performed by Central Composite Design (CCD). From 

the risk assessment analysis, concentration of COM and 

concentration of EC were selected as the independent 

variable, studied at three levels each. The central point 

(0) was studied in quintuplicate. All other formulations 

and processing variables were kept invariant throughout 

the study. Percentage drug release at 2h (Y1), percentage 

drug release at 6h (Y2) and percentage drug release at 

10h (Y3) were used separately as the responses in the 

CCD18.  

 

Design space is identified using overlaid plot which 

gives acceptable region combining all contour plots of 

each response. The overlaid plot was drawn in design 

expert software. An ideal product is one which satisfies 

the requirements of drug released at 2, 6 and 12 h. The 

yellow coloured region shown in the overlaid plot is 

optimized region. The scientist is free to choose any 

point within the design space.  It is worthwhile to note 

that FDA requires that the design space be clearly 

defined in ANDA. Optimization was achieved by 

computing overall desirability. The software suggested 

that when the concentration of COM and EC was 0.84 

and -0.70 (Coded values), satisfies the three 

requirements. Rana et al. discussed all the optimization 

of formulation and validation of model19. From that 

article, the optimized batch was selected; composition of 

the optimized batch was shown in Table 1. 
 

Table 1: Composition of optimized batch 

Name of ingredients Amount (for 1 

capsule) 

Amount (for 100 

capsules) 

Galantamine HBr 16 mg 1.6g 

COM 16.8 % 3.36g 

EC 7.0 % 1.4g 

Pregelatinized Starch 2 % 0.4g 

IPA: DCM 1:1 1:1 

Avicel PH 101 q.s.to 100 % 13.24g 

Batch size = 20g 
Each capsule contained 200 mg pellet eq.to 16 mg GH 

 

Solubility of Galantamine HBr:  

The solubility of the GH in the different hydro-ethanolic 

dissolution media and pure ethanol was determined 

spectrophotometrically (288 nm) at ambient 

temperature, using a solution of known concentration of 

GH in the different media as a standard. To determine 

the solubility, a saturated solution was prepared by 

adding an excess of drug to 5ml of media. The solution 

was shaken in an orbital shaker for 24h. Then, the 

solution was centrifuged, supernatant was taken, 

suitably diluted and quantified for GH content using UV 

spectrophotometer at absorption maxima of 288nm20–22.  
 

In-vitro Drug Release Study: 

The in vitro drug release study of GH pellets was 

performed using USP dissolution apparatus – II. 

Distilled water (900ml) was selected as dissolution 

media rotated at 50 rpm. The temperature was 

maintained at 37 ºC throughout the study. The aliquot of 

10ml was withdrawn from the basket at predetermined 

time intervals and replaced with an equal volume of the 

fresh medium to maintain total volume constant. The 

sample was further suitably diluted, filtered through 

0.45µm filter media and analyzed for GH content at 

288nm wavelength using UV spectrophotometer (UV 

1800, Shimadzu analytical Pvt. Ltd. India)23,24.  
 

In vitro drug release kinetic study: 

In vitro drug release data of optimized batch of GH 

pellets were analyzed by various mathematical models. 

The in vitro release data of GH in developed 

formulations and reference products was processed by 

using zero-order kinetics, first-order kinetics, Higuchi, 

Korsmeyer Peppas model, and the data obtained from all 

the time points was selected to simulate. The optimum 

values for the parameters present in each equation were 

determined by linear or non-linear least-squares fitting 

methods. Regression analysis was performed and the 

best fittings were calculated on the basis of the 

correlation coefficient as r 25,26. Model-independent and 

dependent approach was briefly discussed below: 
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Model-Independent Approach: 

Similarity Factor: 

Similarity factor (f2) and dissimilarity factor (f1) are 

approved by the FDA for the comparison of drug release 

data of test to the reference formulation drug release 

data and is represented in equation 1 and 2 respectively. 

f2 has a value in the range of 50 to 100. If the value is 

50-100, this shows similarity in the drug release profile 

of test to the standard. If the value was found to be less 

than 50, shows dissimilarity between the drug release 

profiles of test and reference27. 

 

Similarly, the f1 dissimilarity factor is also widely used 

to compare the in vitro drug release profile of test to 

reference. If value ranges from 1 to 15, shows similarity 

in profile whereas value more than 15 suggests, 

dissimilarity in drug release profile of test and 

reference27. 

 

f1                                  (Equation 1) 

f2        (Equation 2) 

 

Where n is the sample number, and Rj and Tj are the 

percentages of the reference and test drug release, 

respectively, at different time intervals 

 

Model Dependent Approach:  

Zero-order release:  

Zero-order release kinetics refers to the process of 

constant drug release from a drug delivery device such 

as oral osmotic tablets, transdermal systems, matrix 

tablets with low-soluble drugs and other delivery 

systems28. In its simplest form, zero order release can be 

represented as: 

 

Q = Q0 + K0t………………. (Equation 3) 

 

Where, Q is the amount of drug released or dissolved 

(assuming that release occurs rapidly after the drug 

dissolves), Q0 is the initial amount of drug in solution (it 

is usually zero), and K0 is the zero order release 

constant. The plot made: cumulative % drug release vs. 

time (zero order kinetic model). 

 

First-order release equation:  

Many time drug release from dosage form show 

dependence on the concentration gradient (i.e. Cs - Ct) 

between the static liquid layer next to the solid surface 

and the bulk liquid. These considerations relate to 

conditions in which there is no change in the shape of 

the solid during the dissolution process (i. e. the surface 

area remains constant). However, for pharmaceutical 

tablets, disintegration occurs during the dissolution 

process and the surface area generated, therefore, varies 

with time. The plot made: log cumulative of % drug 

remaining vs. time (first-order kinetic model) and 

described by following equation, 

 

ln (100-Q) = lnQ0-k1t……………………...(Equation 4) 

 

Where, Q = the amount of drug release at time t, K1= 

first order release constant 

 

Higuchi square root of time equation:  

Many controlled-release products are designed on the 

principle of embedding the drug in a porous matrix. 

Liquid penetrates the matrix and dissolves the drug, 

which then diffuses into the exterior liquid. Higuchi 

tried to relate the drug release rate to the physical 

constants based on simple laws of diffusion. The release 

rate from both a planar surface and a sphere was 

considered. The analysis suggested that in the case of 

spherical pellets, the time required to release 50% of the 

drug was normally expected to be 10% of the time 

required to dissolve the last trace of solid drug in the 

center of the pellet28. Higuchi was the first to derive an 

equation to describe the release of a drug from an 

insoluble matrix as the square root of a time-dependent 

process based on Fickian diffusion28. 

 

Q = Kt1/2…………………………………(Equation 5) 

 

Where, Q = the amount of drug release at time t, K is the 

Higuchi square root of time release constant.    

 

Korsmeyer and Peppas release mechanism: 

Korsmeyer derived a simple relationship which 

described drug release from a polymeric system. To find 

out the mechanism of drug release, the first 60% drug 

release data were fitted in Korsmeyer–Peppas 

model29,30: 

 

Mt 

---- = Ktn…………………………………(Equation 6) 

Mα 

 

Where, Mt/Mα is the fractional drug release at time t, K 

is the rate constant and n is the release exponent. The n 

value is used to characterize different release 

mechanisms for pellets. 

 

The parameters in each equation were determined by 

using DD Solver software31. The correlation coefficient 

(R) was used to evaluate the applicability of these 

release models. The model with a maximum R-value 

was the best fit one23.  
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Influence of hydro-alcoholic media on drug release: 

The in vitro release tests were performed using USP 

apparatus ІІ (Paddle method). The Dissolution medium 

was distilled water and 0% or 10% or 20% or 30% or 

40% alcohol maintained at 37 ± 0.5°C. The volume was 

kept 900ml and the paddle rotation speed was kept at 50 

rpm32. In all experiments, an aliquot of 10 ml dissolution 

samples was withdrawn at predetermined time intervals 

and replaced with an equal volume of the fresh medium 

to maintain total volume constant. Samples will be 

filtered through the filter (0.45 µm) and assayed by UV 

spectrophotometry at 288 nm26. For each medium, six 

tablets were tested and drug release was monitored 

spectrophotometrically.  Concentrations of ethanol in the 

range of 0–40% v/v were studied whereby 0% is the 

control and 40% is that found in spirits33. 

 

Pellets were tested for two different conditions: 

Condition A (Short time (1h) exposure to hydro-

alcoholic media): In vitro drug release was performed 

for 1h in hydroalcoholic media and further transferred to 

non-alcoholic (dist. Water) media for 11h 

 

Condition B (Long time (12 h) exposure to hydro-

alcoholic media): In vitro drug release was performed 

for 12h in hydroalcoholic media i.e. extreme 

condition8,34,35 

 

Alcohol is rapidly absorbed from the gastrointestinal 

tract (GIT) and is distributed throughout the body fluids. 

Number of factors like presence of food, type of food, 

alcohol concentration, disease condition, and time of 

ingestion of alcohol affect the absorption of alcohol 

from GIT. Oral solid dosage form generally comes in 

contact with alcohol maximum up to 12h considering all 

the factor influence. In reality, alcohol is absorbed in the 

GIT in 1h but here to assess the harsh condition, 12h 

exposure of pellets to alcohol was selected8.  Therefore, 

in order to check the effect of hydro-alcoholic media on 

COM and EC containing GH pellets under the GIT 

simulating condition, the pellets were exposed to short 

(1h) as well as long period of time. The in vitro drug 

release data of hydro alcoholic media was compared to 

non-hydro-alcoholic media using similarity factor. 

 

Data analysis: 

The in-vitro drug release was fitted to following 

equation 7 to find out the drug release mechanism from 

the pellets. 

 

Mt 

---- = Q = Ktn ……………………………(Equation 7) 

Mα  

 

Where, Q is the percentage drug released at time t, k is a 

kinetic constant incorporating structural and geometric 

characteristics of the tablet and n is the release exponent 

indicative of the drug release mechanism. Values of n 

approximating 0.5 indicate predominantly diffusion 

control and values approximating 1.0 correspond to 

zero-order release8,23. 

 

RESULT AND DISCUSSION: 
Solubility study of Galntamine HBr: 

The saturated solubility of GH was assessed in various 

hydro-ethanolic media as well as in pure methanol. The 

solubility data are shown in Table 2. 

 
Table 2: Saturated solubility of the Galantamine HBr in different 

hydro-ethanolic media (mg/ml) 

Medium Saturated solubility in mg/ml 

Distilled water 1.69±0.037 

Ethanol 1.10±0.037 

Distilled water + 10% ethanol 1.56±0.049 

Distilled water + 20% ethanol 1.42±0.057 

Distilled water + 30% ethanol 1.33±0.031 

Distilled water + 40% ethanol 1.26±0.031 

 

In vitro drug release: 

All the design batches were evaluated for the in vitro 

drug release. The results of the in vitro drug release 

suggest that, as the concentration of polymers increases, 

the more drug release retardation was observed. The 

decrease in the drug release might be due to decrease in 

the porosity inside the pellets, leads to decrease in the 

penetration of dissolution media into the system, and 

reduces the drug solublization or dissolution. In addition 

to this, there may be increase in the path length for the 

diffusion of drug from matrix and ultimately leads to 

decrease drug release36.  

 

From the overlaid plot, the optimized batch was selected 

which shows desired drug release at the definite time 

interval. The optimized batch was compared with the 

marketed formulation. The f2 value was found to be 

77.03 which showed that both formulations’ drug profile 

is similar.  

 

The data obtained from in vitro dissolution study of the 

optimized batch was applied to zero order, first order, 

Higuchi, Koresemeyer-Peppas equation to find out drug 

release mechanism from the matrix pellets. The zero-

order rate equation described the system where the 

release rate was independent of the concentration of 

dissolved species. The first-order equation described the 

release from the system where dissolution rate was 

dependent on concentration of dissolved species. The 

Higuchi square root equation described the release from 

system where the solid drug was dispersed in the 

insoluble matrix, and rate of drug release was related to 

rate of drug diffusion37. According to Peppas, if n value 

is 0.5 suggest Fickian diffusion and more than 0.5 

suggest non-Fickian diffusion. 
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Best fit kinetic data with the highest value of regression 

coefficient was found with zero order, Higuchi and 

Korsmeyer-Peppas model as shown in Table 3. In 

Korsmeyer-Peppas, n value was found to be 0.5708 

which shows non-Fickian diffusion. Non-fickian 

diffusion suggests that the drug is released by diffusion 

and polymer relaxation. The formulated GH pellets was 

also compared with the marketed formulation using 

similarity factor f2. The f2 value was found to be 77.03 

which show that the drug release profile of formulated 

pellets is similar to the drug release profile of marketed 

product. 
 

Table 3: In vitro drug release kinetics of optimized batch and marketed formulation 

Model Zero-order First-order Higuchi  Korsmeyer- Peppas f2 Value 

Batches  r2 r2 r2 r2 n Value  

Optimum  Batch 0.9181 0.8050 0.9791 0.9889 0.5708 77.03 

Marketed formulation 0.9012 0.7892 0.9698 0.9808 0.5158 -- 
 

 
Figure 1: Comparision of optimized batch with marketed 

formulation 
 

Influence of hydro-alcoholic media on drug release: 

In vitro drug release profile of optimum formulations in 

the presence of 0 - 40% v/v of ethanol in distilled water 

were shown in Figures 2 and 3. GH pellets were exposed 

to short as well as long exposure to hydro-alcoholic 

media. The results of in vitro drug release shows that, 

even for the long exposure to hydro alcoholic media, did 

not show any symptoms of dose dumping. The drug 

release profile is slightly changed because of the change 

in solubility of GH in different media. 
 

Drug release from GH Pellets in 10, 20, 30 and 40% v/v 

ethanol exhibited higher variability compared to water 

(control) media as shown by an increase in standard 

deviation values up to 1.58, 2.02, 2.41 and 4.27 

respectively as shown in figure 2 in 1h exposure to 

ethanol followed by 11h in normal medium. Standard 

deviation values up to 1.82, 2.44, 3.01 and 4.54 

respectively as shown in figure 3 for 12h exposure to 

ethanol as shown in Table 27. Although drug release 

profiles in different hydro-alcoholic media remained 

similar as f2 values greater than 50 as shown in Table 4. 

The values of the kinetic constant (k), the release 

exponent (n), and correlation coefficient (r2) determined 

from the drug release data are presented in Table 4. For 

Pellets, the n value of near 0.5 indicates a diffusion 

control and an n value of near 1.0 indicates an erosion or 

relaxation control mechanism of drug release. 

Intermediate values suggest that diffusion and erosion 

contribute to the overall release mechanism8,35. The 

value of k and n is inversely related to each other i.e. as 

the k value increases, n value is going to decrease and 

vice-a-versa. A very high k value may suggest a burst 

drug release from the matrix. 
 

For GH CR Pellets when exposed to 1 h to hydro-

alcoholic media followed by 11 h to normal media, n 

value and k value were found in the range of 0.6010 to 

0.6445 and 3.44 to 2.88. GH Pellet when exposed to 12 

h to hydro-alcoholic media, n value and k value was 

found in the range of 0.6005 to 0.6332 and 3.03 to 2.86.  
 

For GH CR pellets, n values were found to be 0.5708 

and 0.6445 for short and long exposure to alcohol which 

shows that the drug release mechanism is diffusion and 

erosion. The n value is increased compared to non-

hydro-alcoholic media suggest that greater erosion 

contributed to the drug release as GH solubility changes 

from freely soluble in water to slightly soluble in 

alcohol. 
 

The k value is inversely related to n value, k value is 

changes from 3.50 in water to 2.88 and 2.86 from the 

pellets exposed to 40% v/v hydro-alcoholic media for 1h 

and 12h respectively. This implies that the rate of drug 

release from the GH formulation is slightly slower in 

40% ethanol solution compared to the dissolution in 

water. 

 

 
Figure 2: influence of hydro-alcoholic media on drug release after 

exposure to 1h to hydro-alcoholic media followed by 11h in normal 

media 
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Figure 3: Influence of hydro-alcoholic media on drug release after exposure to 12h to hydro-alcoholic media   

 
Table 4: In vitro release kinetic study comparison to release profile of alcoholic to nonalcoholic media 

Dissolution testing 

condition 

Exposure to 1h to ethanol followed by 11h in distilled 

water (Short exposure) 

Exposure to 12h to ethanol (Long exposure) 

n value K value r2 value n value K value r 2 value 

0% ethanol 0.5708 3.50 0.9889 0.5708 3.56 0.9889 

10% ethanol 0.6010 3.44 0.9707 0.6005 3.03 0.9760 

20% ethanol 0.6102 3.38 0.9624 0.6101 2.94 0.9527 

30% ethanol 0.6205 3.16 0.9933 0.6210 2.90 0.9661 

40% ethanol 0.6445 2.88 0.9393 0.6332 2.86 0.9792 

 

CONCLUSION: 
A robust formulation was developed containing COM 

and EC which showed that the in vitro drug release was 

not affected in the presence of alcohol. There was a 

slightly lower drug release was observed in the presence 

of the higher concentration of alcohol but it was due to 

the change of GH solubility in ethanol and not due to the 

failure of polymer matrices.  Hydro-alcoholic media 

significantly affect the drug release kinetics and 

mechanism but not significantly affect the drug release. 

The controlled release GH pellets were successfully 

formulated which was not affected by alcohol even in 

worst condition using COM and EC incorporating 

extrusion spheronization technique.  
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