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CHAPTER 1 TABLET


1.1 TABLET 
The discovery of new therapeutic entities always initiates excitement, but the contributions of the formulation specialist are either not well understood or are often taken for granted and thus remain ‘‘unsung.’’ However, the drug and its delivery system cannot be separated. The general design criteria for tablets are given as follows:
1. Optimal drug dissolution 
2. Uniformity of drug content and accuracy
3. Stability, more specially stability of the drug substance
4. Patient acceptability. Maximum possibility the finished product should have an attractive appearance, such as color, size, taste, etc., 
5. Manufacturability. The formulation design should allow for the efficient, cost-effective, practical production of the required batches.
1.2 MODERN TABLET FORMULATION DESIGN AND MANUFACTURE
Tablet dosage forms have to satisfy a unique design compromise. The desired properties of rapid or controlled disintegration and dissolution of the primary constituent particles must be balanced with the manufacturability and ethics of a solid compact resistant to mechanical attrition.
The use of excipients in tablet formulation plays a major role in determining its quality and performance. Excipients may be selected to enhance stability (antioxidants, UV absorbers), optimize or modify drug release (disintegrates, hydrophilic polymers, wetting agents, biodegradable polymers), provide essential manufacturing technology functions (binders, glidants, lubricants), enhance patient acceptance (flavours), or aid in product identification (colorants). Thus a tablet formulation is not a random combination of ingredients, but rather a carefully thought out, rational formulation designed to satisfy the above criteria.
The selection of excipients in tablet formulation is not a major issue formulation selected due to some external factors such as cost, functional reliability, availability, and international acceptance factors. For example, although the official compendia provide standards for identity and purity of excipients, monographs may not provide tests to assure their functionality.
The major factor that affects the selection of excipients by multinational firms & others is lack of universal acceptability of excipients in different countries. These factors arise in international market because of their availability, cost, local restrictions etc. 
Now a days these problems at international level can be minimized by developing harmonized pharmacopoeial excipient standards, Good Manufacturing Practices (GMP) for excipient manufacture, and safety evaluation guidelines for new excipients to eliminate or avoid trade barriers between different countries.
1.3 PREFORMULATION
Preformulation study is the most important step in the formulation because it gives a platform to success a product, such as compatibility between drug substances and excipients, study of physicochemical properties because these properties influence pharmacokinetics and Biopharmaceutics factors of product.
1.3.1 Crystal Properties and Polymorphism
Many drug substances appear in more than one polymorphic form. The form is determined by certain conditions during the crystallization step. 
The different polymorphic forms of a compound are associated with different free energies, and, therefore, have different physical properties that can impact significantly on product performance. These include differences in solubility and dissolution rate (affecting bioavailability), solid-state stability (affecting potency), deformation characteristics (affecting compactibility), and particle size and shape (affecting powder density and flow properties). The form with the lowest energy is more stable than the others. Although the other polymorphs are thus energetically unflavoured, if kept dry, they may persist indefinitely and are called ‘‘metastable.’’ A metastable form may be preferred, particularly for its ability to dissolve more rapidly.
1.3.2 Particle Size, Shape, and Surface Area
Particles characterisation is an important factor in a formulation, particularly true in those cases where the drug is a poorly soluble non-electrolyte or a free acid form with poor solubility at low pH values. Such drugs are likely to exhibit dissolution-rate-limited absorption, and if dissolution does not take place rapidly enough, a therapeutic concentration in the body fluids may never be achieved, the peak plasma concentration may be significantly delayed, or much of the drug may bypass that region of the gastrointestinal (GI) tract where absorption is best.
Particle size and shape also play an extremely important role in the homogeneity of powder blends and the unblending of powders in a mixer. Particle size can also affect the stability of a drug substance in that it governs the surface area available for oxidation and hydrolysis. Surface area is critical for interaction with excipients in tablet dosage forms and can greatly affect stability. Methods to determine particle size and shape include light microscopy, scanning electron microscopy, sieve analysis, and various electronic sensing-zone particle counters. Methods available for surface area measurement include air permeability and various gas adsorption techniques.
1.3.3 Bulk Powder Properties
The study of properties of bulk powder is also most important in pharmaceutical processing because the true & bulk density of drug substances and excipients is very important as following 
1. Providing perspective as to the size of the final tablet and the size and type of processing equipment needed,
2. Anticipating problems in the physical mixing of powders and the homogeneity of intermediate and final products because significant differences in true densities can result in segregation,
3. Anticipating problems in flow properties, since that property is affected by density, and
4. Identifying differences in different lots and raw materials from different suppliers because different polymorphic forms can be expected to exhibit different true densities.
For the evaluation of flow properties the following test methods may be used:
·  Angle of repose
·  Minimum orifice diameter
·  Carr index
·  Flow rate and
·  Direct observation of weight variation during tableting runs
1.3.4 Solubility and Permeability 
Solubility and permeability studies also play an important role in tablet formulation because, in many cases, the rate of dissolution in gastrointestinal fluids is the rate-limiting step in absorption. The bioequivalence requirements established by the FDA define low solubility as ‘‘. . . <5mg/mL in water, and slow dissolution rate to be <50% in 30 minutes.’’ However, the solubility of a drug should be considered together with its dose; that is, even a very poorly soluble drug having a sufficiently small therapeutic dose may completely dissolve under physiological conditions. And ‘‘high solubility’’ drug as one which at the highest human dose is soluble in 250ml (or less) water throughout the physiological pH range (1–8) at 37°C. A ‘‘low solubility’’ drug is thus one which requires more than 250 ml of water to dissolve the largest human dose at any pH within the physiological range.
Biopharmaceutics Drug Classification System (BCS) based on estimates of these two parameters:
1. Class I: High solubility and high permeability
2. Class II: Low solubility and high permeability
3. Class III: High solubility and low permeability
4. Class IV: Low solubility and low permeability
1.3.5 Drug-Excipient Compatibility Studies
Study of the interaction of drugs and excipients is essential in the initial formulation of a product. It may also be necessary later on during processing scale-up, when problems arise, to determine if incompatibilities exist which affect manufacturing or stability. Drug-excipient interactions are often directly related to the moisture present in one or another of the components or to the humidity to which the formulation is exposed during processing or storage. These studies are always carried out at accelerated temperature and humidity conditions, even though it must be recognized that some interactions are physical (melting and volatilization) and not chemical and that accelerated aging may not be predictive. Tests for excipient drug interactions are usually conducted on blends of the pure drug and excipient in ratios similar to those in the final dosage form.
Samples can be exposed in open pans or sealed in bottles or vials to mimic product packaging. Evaluation of samples includes:
1. Visual inspection for changes in colour or texture.
2. Both HPLC and TLC are commonly employed with unstressed samples being used as controls. In general, only qualitative results are important initially.
3. Differential thermal analysis is applied and the appearance or disappearance of one or more peaks is noted. Isothermal micro-calorimetry can also be employed as well as a thermal activity monitor (TAM) technique.
1.4 FORMULATION DESIGN
Based on the Preformulation information, decisions can be made regarding formulation design and process strategy. Initial guidance may be provided by the proposed dose. Relatively low-dose drugs can often be tableted by direct compression, a term that is applied to the process by which tablets are compressed directly from blends of the active ingredient and suitable excipients. No wet or dry granulation is required, although the drug may occasionally be sprayed out of solution onto one of the excipients to ensure uniform dispersion of drug in very low dosage. Larger doses of poorly compactible drugs may be granulated prior to tableting. The process steps required and the choice of excipients are often governed by other properties of the drug.
1.5 MANUFACTURE (GRANULATION METHODS)
Traditionally, tablets have been made by granulation, a process that imparts two primary requisites to formulations: compactibility and fluidity. Both wet granulation and dry granulation (slugging or roll compaction) are used (Table 1.1). Regardless of whether tablets are made by direct compression or granulation the first steps, milling and mixing, are the same; the subsequent steps differ.
[bookmark: _GoBack]The wet massing of powders is typically carried out in high-shear mixers prior to wet screening. The wet granules are often dried in fluidized-bed equipment, enhancing the efficiency of the process. The advantages and disadvantages of wet granulation are given in Table 1.2.
Regardless of the granulation method, the comparative simplicity of the direct compression process offers obvious advantages, such as
1. Economy
2. Elimination of heat and moisture
3. Optimization of tablet disintegration
4. Stability
Table 1.1 Typical unit operations involved in wet granulation, dry granulation, and direct compression
	Wet granulation

	Dry granulation
	Direct compression

	Milling and mixing of
drugs and excipients

	Milling and mixing of drugs and excipients
	Milling and mixing
of drugs and excipients

	Preparation of binder solution

	Compression into slugs or roll compaction
	Compression of tablets

	Wet massing by addition of binder solution or granulating solvent

	Milling and screening of
slugs and compacted powder
	

	Screening of wet mass
	Mixing with lubricant and disintegrate

	

	Drying of the wet granules

	Compression of tablets
	

	Screening of the dry granules

	
	

	Blending with lubricants and disintegrate to produce ‘‘running powder’’

	
	

	Compression of tablets
	
	



Table 1.2 Advantages and disadvantages of wet granulation
	Advantages

	Disadvantages

	Enhances fluidity and compatibility.
suitable for high-dose drugs with
poor flow and/or compatibility
	Each unit process brings
its own set of complications.

	
Reduces air entrapment
	The large number of unit Processes increases the chances of problems.


	Reduces dustiness

	Difficult to control and validate

	Provides for the addition of a
liquid phase (wet granulation) suited to
dispersion of low-dose drugs in
solution to ensure content uniformity

	Potential adverse effects
of temperature, time, and
rate of drying on drug stability
and distribution during drying

	Enhances wettability of powders
through hydrophilization (wet granulation)
	Overall more costly than direct
compression in terms of space,
time, and equipment requirements

	Permits handling of powders
without loss of blend quality
	



Direct compression avoids the high pressures associated with slugging or roll compaction. In addition, disintegration is optimized because directly compressed tablets produce primary particles upon disintegration, rather than granules, which must disaggregate to liberate primary particles. Finally, direct compression tablets often exhibit fewer long-term problems of chemical stability or changes in dissolution. Although there are many significant advantages of direct compression over granulation, there also are important limitations:
1. Uniform blending and prevention of unblending of low-dose drugs.
2. Fillers often are costlier than fillers used in granulation.
3. Physical properties and functional specifications are more critical; properties of raw materials must be defined and carefully controlled.
4. Limitations in producing coloured tablets.
5. Dust problems.
6. Limitations in the dilution capacity of fillet binders.
7. More sensitive to lubricant softening and over mixing than granulations
1.5.1 Excipients
The design of the formulation and selection of excipients is especially critical in tablet dosage forms. Products can vary from a relatively simple aspirin tablet containing aspirin and starch to more complex systems that might contain fillers, binders, disintegrating agents, glidants, lubricants, and coating agents. Modified release introduces even more complexity. The appropriate selection of excipients and their concentration are clearly critical to both the ability to manufacture tablets as well as to their performance as a drug delivery system. Since others have illuminated the various excipient classes and examples are provided in Table 1.3
Table 1.3 List of excipients
	Excipient class
	Examples

	Diluents and fillers
	· Cellulose and cellulose derivatives.
· Inorganic materials.
· Polyols.
· Starch and starch derivatives.
· Sugars.

	Binders
	· Acacia 
· Tragacantha
· Starch

	Disintegrates
	· Talc 

	Lubricants and glidants
	· Glycerol

	Film coating agents
	· Natural Or Synthetic Resins
· Gums
· Inactive And Insoluble Filler,
· Sugar
· Plasticizer
· Polyhydric Alcohol
· Waxes

	Coloring agents
	· Iron oxide pigments
· Titanium dioxide
· Aluminium Lakes.




1.5.2 Manufacturability
Excipients function to provide compactibility, lubrication, flow properties, disintegration efficiency, wetting, etc. Poor choice of excipients may give rise to poor characteristics (hardness, appearance), which can be important in packaging, storage, and patient acceptance. Problems with excipients may arise from variations in source or lot, particularly in formulations made by direct compression.
1.5.3 The effects of manufacturing processes on formulations
Numerous unit processes are involved in making tablets, including particle size reduction and sizing, blending, granulating, drying, compaction, and (frequently) coating. Various factors associated with these processes can seriously affect content uniformity, bioavailability, or stability. Some of these are given in the following list:
1. Particle Size Reduction
· Non-uniform particle size can lead to segregation problems
· Development of electrostatic forces inhibits complete blending
· Changing the crystalline state can affect solubility
2. Blending
· Non-homogeneous distribution of drug substance is the result of poor blending or unblending
· Overblending of lubricant lowers dissolution rates and affects compactibility
3.  Granulation
· Non-homogeneous distribution of binder and drug substance gives drug-rich or drug-poor fines
· Decomposition of drug substance due to residual moisture
· Uneven granule size (too many or too few fines) leads to compaction or uniformity problems
4. Tableting
· Uneven compaction pressures affect dissolution
· Loss of mix quality in hopper and feed frame gives poor content uniformity
· Additional shearing of lubricant in feed frame lowers dissolution rates
5. Coating
· Non-uniform or incomplete coverage of tablets and beads results in different dissolution patterns

1.6 TABLET MANUFACTURE

Tablets are solid preparations each of which contains a single dose of one or more active ingredients. They are obtained by compressing uniform volumes of particles, and are almost always intended for oral administration. 
The tablet is the most popular dosage form because it provides advantages for all concerned in the production and consumption of medicinal products. Though the initial capital outlay for the manufacturer of tablets is considerable, they can be produced at a much higher rate than any other dosage form, tablet presses capable of producing about one million tablets per hour being available. Furthermore, the fact that the tablet is a dry dosage form promotes stability, and in general, tablets have shelf lives measured in years. They are also convenient to transport in bulk, since they contain relatively small proportions of excipients unlike, for example, oral liquids.
Naturally tablets only possess these advantages if they are properly formulated and manufactured. A well prepared tablet should possess the following qualities:
1. It should, within permitted limits, contain the stated dose of drug.
2. It should be sufficiently strong to withstand the stresses of manufacture, transport, and handling so as to reach the patient intact.
3. It should deliver its dose of drug at the site and at the speed required. 
4. Its size, taste, and appearance should not detract from its acceptability by the patient.

1.6.1 Tablet compression

All tablets are made by a process of compression. Solid, in the form of relatively small particles, is contained in a die and a compressing force of several tonnes is applied to it by means of punches. The shape of the die governs the cross-sectional shape of the tablet, and the distance between the punch tips at the point of maximum compression governs its thickness. The conformation of the tablet faces, usually flat or convex, is a reflection of those of the punches.
There are two types of tablet press. The excentric press has one die and one pair of punches. The rotary press has a larger number of dies which are fitted, with their corresponding punches, into a rotating turret.
Irrespective of the type of press that is used, the process of tablet compression can be divided into three stages.

Stage 1 Filling
The lower punch falls within the die, leaving a cavity into which particulate matter flows under the influence of gravity from a hopper. Though tablets are usually described in terms of weight, the die is filled by a volumetric process. The volume is determined by the depth to which the lower punch descends in the die. Unless this volume is filled reproducibly on each occasion, then the mass of the tablet will vary, and with it the drug content of each tablet.
Stage 2 Compression
The upper punch descends, and its tip enters the die, confining the particles. The distance separating the punch faces decreases, either by movement of the upper punch alone (as in excentric presses) or by movement of both punches (as happens in rotary presses). The porosity of the contents of the die is progressively reduced, and the particles are forced into ever-closer proximity to each other. This process is facilitated by the particles fragmenting and/or deforming. Once the particles are close enough together, inter particulate forces then cause the individual particles to aggregate, forming a tablet. The magnitude of the force is governed by the minimum distance separating the punch faces. Therefore, a second essential property of the particles is that they cohere under the influence of a compressive force. It is also essential that this coherence be maintained when the compressing force is removed.
Stage 3 Ejection
The upper punch is withdrawn from the die, and so the force being applied to the tablet is removed. The effect of this might be to cause the deformed particles to return to their former shape, which would result in a decrease in, inter particulate contact and hence tablet strength. It is essential that this does not occur. As the upper punch leaves the die, the lower punch moves upwards, pushing the tablet before it. During the compression stage, the particles are forced into intimate contact with the interior die wall. It follows that attempts to remove the tablet will be opposed by frictional forces and so successful ejection demands lack of adhesion between the tablet and the die wall. Therefore in summary, for a particulate solid to be successfully transformed into tablets, three key properties need to be present:
1. Good particle flow.
2. The ability of the particles to cohere under the influence of a compressing force. This coherence must be retained after the compressing force has been removed.
3. The ability of the tablet to be ejected from the die after the compressing force has been removed.

1.6.2 Methods of tablet manufacturing
The pre-treatment that is usually necessary takes the form of granulation. The process of granulation is essentially one of size enlargement, and it serves several purposes in the tablet manufacturing process:
1. It improves flow by increasing particle size, since large particles flow more readily than small ones.
2. It improves compression characteristics, adding to the cohesive strength of the tablet.
3. Once a homogeneous mixture has been achieved, segregation is prevented, since particles that are stuck together cannot separate.
4. It reduces dust.

1.6.2.1 Tablet Manufacture by Wet Granulation
This is the traditional method of pre-treatment of solids prior to tableting. Despite its complexity and inherent disadvantages, even now about half the tablets produced worldwide are manufactured by this process. Its essence is that particles of active ingredient, with a diluent if necessary, are stuck together using an adhesive, the latter usually being water-based. The result is a granular product which flows more readily and has an improved ability to cohere during compression.
A flow diagram of the wet granulation process together with appropriate excipients is shown in Fig 1.1
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Figure 1.1Wet granulation process of tablet manufacture
1.6.2.1.1 Wet Granulation Process: Advantages and Disadvantages
The wet granulation process is the traditional method of manufacture and is frequently used in the pharmaceutical industry. Expertise in wet granulation is widely available, as is the required equipment. The process improves flow and cohesion, reduces dust and cross contamination, and permits the handling of powder blends without loss of homogeneity. Though it has been practiced for many years and therefore may be perceived as an ‘‘old-fashioned’’ process, it must be borne in mind that the wet granulation process has itself undergone a transformation in recent decades. High-speed mixer–granulators, fluidized bed granulation and drying, and an ever-increasing use of automation have served to make wet granulation a much more efficient and economic process than it once was. Nevertheless, the wet granulation process still retains many inherent disadvantages. Problems include choice and method of addition of the binder, and the effect of drying time and temperature on drug stability and its distribution within the solid mass.
1.6.2.2 Tablet Manufacture by Dry Granulation
Although widely used, the wet granulation method of tablet manufacture suffers from several disadvantages. Water is the usual granulating fluid, and this exposes tablet ingredients to the danger of hydrolysis. Furthermore, the granulating fluid has to be removed, usually by heating. In addition to the energy costs that are incurred, the elevated temperature will accelerate any hydrolytic reaction that might be taking place.
Dry granulation is an alternative method that can be used, and this process is shown in Fig1.2. The components of the formulation are compressed in the dry state. If sufficient bonding strength cannot be achieved by compression alone, a binder is added, also in the dry state.
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Figure 1.2 Dry granulation process of tablet manufacture.

1.6.2.3 Tablet Manufacture by Direct Compression
Both wet and dry granulation methods of tablet manufacture are complex multistage processes, but are necessary to convert the components of the formulation into a state that can be readily compressed into acceptable tablets. If, however, a major component of the formulation already possesses the necessary degree of fluidity and compressibility, granulation would be unnecessary. This is the basis of the direct compression method of tablet manufacture shown in fig 1.3
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Figure 1.3 Direct compression process of tablet manufacture.

1.6.2.3.1 Direct Compression Process: Advantages and Disadvantages
The most striking feature of the direct compression process is its simplicity and hence economy. Less equipment is required and the number of stages in the process, each of which will require validation, is greatly reduced. There are also lower labour costs, reduced processing time, and lower power consumption. An important advantage of the direct compression process is that it is a dry procedure with no need fora drying stage. Thus, exposure to water and the elevated temperatures needed to remove that water are avoided, resulting in a decreased risk of deterioration of the active ingredient. A further advantage of direct compression is that tablets disintegrate into their primary particles rather than granular aggregates. The resultant increase in surface area available for dissolution should result in faster drug release.
The primary limitation on the use of direct compression is that it depends on the fluidity and compressibility of a tablet diluent. Therefore, it cannot be used for low potency, high dose active ingredients where the inclusion of sufficient diluent in the formulation to permit direct compression would lead to unacceptably large tablets. Thus, active ingredients such as paracetamol and aspirin do not lend themselves to the direct compression process. However, as stated earlier, such ingredients are often available in pregranulated form.
1.6.2.3.2 Factors influencing the choice of a direct compression tablet diluent
1.6.2.3.2.1 Properties Required of a Direct Compression Diluent
Fluidity 
Good flow is a prerequisite for any tablet formulation to ensure uniformity of tablet weight, which in turn contributes to uniformity of content. Flow can be measured by methods such as angle of repose, flow through an orifice, and by using flow cells, but more meaningful data can be obtained by measuring the uniformity of weight of the tablets themselves. Flow properties can often be improved by the inclusion of a glidant in the formulation
Ease of mixing and lack of segregation
Achievement of a homogeneous mixture of active ingredient and diluent is essential to obtain tablets with an acceptable uniformity of content of active ingredient. As stated earlier, there is a risk of segregation in a direct compression mixture, because the components are not stuck together as they are in wet granulation.
The main cause of segregation is differences in the particle size of components, with differences in shape and density being secondary factors. Hence it is desirable that there should not be differences between the particle sizes of active ingredient and diluent. It is unlikely that the size of the active ingredient particles can be changed to match those of the diluent, so the reverse is desirable. Thus, the ideal direct compression diluent should be available in a range of sizes.
Compression pressure–tablet strength profile
This is the relationship between the compression pressure applied to the formulation and the physical strength of the resulting tablets.
Capacity or dilution potential
By definition, direct compression diluents are intended to be mixed with other ingredients. Therefore, not only should the pressure tablet strength profile of the diluent be determined, but also should those of mixtures of the diluent with an active ingredient. The capacity of a direct compression diluent is the proportion of another ingredient that can be mixed with it while still obtaining tablets of acceptable quality. The definition of ‘‘acceptable’’ will depend on the purpose for which the tablets are required.
Tablet diluents used in direct compression
A wide variety of materials have been used as direct compression diluents. Direct compression diluents are often commonly occurring substances which have been physically modified to give the necessary degree of fluidity and compressibility. They are most conveniently classified according to their source, viz.:
· Cellulose and cellulose derivatives.
· Inorganic materials.
· Polyols.
· Starch and starch derivatives.
· Sugars.
· Mixtures and coprocessed products.

1.7 TABLET COATING
Coated tablets are defined as “tablets covered with one or more layers of mixture of various substances such as
· Natural Or Synthetic Resins
· Gums
· Inactive And Insoluble Filler,
· Sugar
· Plasticizer
· Polyhydric Alcohol
· Waxes
· Authorized Colouring Material
· And Some Times Flavouring Material
Aspects of tablet coating
I. Therapy
· Avoid irritation of oesophagus and stomach
· Avoid bad taste
· Avoid inactivation of drug in the stomach
· Improve drug effectiveness
· Prolong dosing interval
· Improve dosing interval
· Improve patient compliance
II. Technology
· Reduce influence of moisture
· Avoid dust formation
· Reduce influence of atmosphere
· Improve drug stability
· Prolong shelve life
III. Marketing
· Avoid bad taste
· Improve product identity
· Improve appearance and acceptability

1.7.1 Basic principle of tablet coating: Tablet coating is the application of coating composition to moving bed of tablets with concurrent use of heated air to facilitate evaporation of solvent.
Pharmaceutical tablets are given a coating for a number of reasons
· To improve the appearance and aid identification
· To protect the tablet from moisture and other adverse conditions
· To lubricate the tablet to ease swallowing 
· To disguise unpleasant tastes.
· To create a barrier between the active ingredients and the gastrointestinal tract.
· To control the release of drug into the body.
1.7.2 Type of tablet coating
· Sugar coating
· Film coating
· Enteric coating
· Controlled release coating
· Specialized coating
· Electrostatic coating
· Dip coating
· Vacuum film coating
· Compressed coating
1.7.3 Equipment’s for tablet coating
Three general types of equipment are available
1. Standard coating pan
· Pellegrino pan system
· Immersion sword system
· Immersion tube system
2. Perforated pan system
· Accelacota system
· Hicoater system
· Glattcoater system
· Driacoated system
3. Fluidized bed coater
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Figure 1.4 Equipment’s of tablet coating
1.7.4 Types of coating
Main coating processes
1. Film coating
2. Sugar coating
3. Press coating

1.7.4.1 Sugar coating
Traditionally sugar coatings formed the bulk of coated tablets but today film coatings are the more modern technology in tablet coating.
Description of tablets: Smooth, rounded and polished to a high gloss.
Process: Multistage Process involving 6 separate operations.
1. Seal tablet core - application of a water impermeable polymer such as Shellac, cellulose acetate phthalate and polyvinyl acetate phthalate, which protects the core from moisture, increasing its shelf life.
2. Sub coating - by adding bulking agents such as calcium carbonate or talc in combination with sucrose solution.
3. Smoothing – remove rough layers formed in step 2 with the application of sucrose syrup.
4. Colouring – for aesthetic purpose soften titanium based pigments are included.
5. Polishing - effectively polished to give characteristic shine, commonly using beeswax, carnauba wax.
6. Printing – indelible ink for characterisation.
Sealing (Waterproofing)
This involved the application of one or more coats of a waterproofing substance in the form of alcoholic spray, such as pharmaceutical Shellac (traditionally) or synthetic polymers, such as CAP. 
(Unless a modified-release feature needs to be introduced, the amount of the sealing coat applied should be carefully calculated so that there is no negative effect on the drug release characteristics in case of immediate release product.)

(WHY Sealing?)
A. Sugar-coatings are aqueous formulations which allow water to penetrate directly into the tablet core and thus potentially affecting product stability and possibly causing premature tablet disintegration. 
B. Application of many coats of partially or completely water-insoluble polymers in this step, enables sugar-coated product to exhibit modified-release pattern (extended release or delayed "enteric"-release characteristics).
Subcoating
Large quantities of sugar-coatings are usually applied to the tablet core (typically increasing the tablet weight by (50-100%)
(WHY sub coating?)
a. In order to round off the tablet edge. Much of this material build-up occurs during this stage and is achieved by adding a bulking agent such as Calcium carbonate, to the sucrose solution.
b. Anti-adherents e.g. Talc may be added after partial drying to prevent sticking of the tablets together.
Smoothing
The subcoating stage results in tablets with rough surfaces. To facilitate the color application (which requires smooth surface), subcoated tablets are smoothed out by a thick sucrose syrup coating.
Coloring
Color coatings usually consist of thin sucrose syrup containing the requisite coloring materials. (Water-soluble dyes or water-insoluble pigments may be used) This step must be done into a clean pan deprived of any residues from the previous operations.
Polishing
After the coloring step, the tablet surfaces tend to be smooth but somewhat dull in appearance. To achieve glossy finish, final stage involving application of waxes (beeswax carnuba wax) is employed.
Printing
Different tablets could be identified by manufacturer' logo, product name, dosage strength or other appropriate code. For sugar-coated tablets, such identification could be only achieved by printing process using special edible inks.
1.7.4.2 Film coating
Modern approach to coating tablets, capsules, or pellets by surrounding them with a thin layer of polymeric material.
Description of tablets: Shape dictated by contour of original core.
Process: Single stage process, which involves spraying a coating solution containing the following;
1. Polymer
2. Solvent
3. Plasticizer
4. Colourant
Advantages
Produce tablets in a single step process in relatively short period of time. Process enables functional coatings to be incorporated in to the dosage form.
DisadvantagesThere are environmental and safety implications of using organic solvent as well as their financial expense.

Types of film coating
a. Immediate release
b. Modified release
Polymer
	Polymer for film coating

	Immediate release coating polymer
	Modified release coating polymer

	1. Cellulose derivatives – the most widely cellulosic polymer was HPMC
Why HPMC most widely used.
· It is readily soluble in aqueous media.
· Form film with good mechanical properties.
· Easy application of the coat
· Other example are MC & HPC
2. Vinyl derivatives
· PVP, it has a limited use in film    
            coating because of its inherent     
thickness.
· A copolymer of PVP and vinyl acetate form better film.
	Extended release coating polymer
	Enteric coating polymer

	
	They are dissolved in organic solvent or dispersed in aqueous media.
Cellulose derivatives
e.g. ethyl cellulose.
	1. Methacrylic acid copolymer.
Why used in enteric coating
The presence of carboxylic acid group rendered this class to be insoluble in water at low pH (stomach) but gradually become soluble as pH rise towards neutrality (upper part of small intestine).
2. Phthalate esters.
e.g. cellulose acetate phthalate



Plasticizers
Plasticizers are generally added to film coating formulations to modify the physical properties of the polymer to make it more usable. One important property is their ability to decrease film brittleness.
Examples of plasticizers are: 
· polyols, such as polyethylene glycol 400
· organic esters, such as diethyl phthalate
· Oils/glycerides, such as fractionated coconut oil.
In general, only water-miscible plasticizers can be used for aqueous-based spray systems.
Colourants
Any permitted colourants in a film coat formula are invariably water-insoluble colours (pigments). Pigments have certain advantages over water-soluble colours: they tend to be more chemically stable towards light, provide better opacity and covering power, and optimize the impermeability of a given film to water vapour.
Examples of colourants are:
· Iron oxide pigments
· Titanium dioxide
· Aluminium Lakes.
Solvents
Modern techniques now rely on water as a polymer solvent because of the significant drawbacks that readily became apparent with the use of organic solvents.
Material used for film coating
Nonenteric materials: e.g.
· Hydroxy propyl methyl cellulose (HPMC)
· Methyl hydroxyl ethyl cellulose (MHEC)
· Ethyl cellulose (EC)
· Hydroxy propyl cellulose (HPC)
· Polyvinyl pyrrolidone (PVP)
· Sodium carboxy methyl cellulose (Sod. CMC)
· Polyethylene glycols (PEG)
· Acrylate polymers e.g. Eudragit E
Enteric materials: e.g.
· Cellulose acetate phthalate (CAP)
· Acrylate polymers (Eudragit L, S)
· Hydroxy propyl methylcellulose phthalate (HPMCP)
· Polyvinyl acetate phthalate (PVAP)
Difference between film coating & sugar coating
	Difference between film coating & sugar coating

	Film coating
	Sugar coating

	Tablet appearance
	Tablet appearance

	Retains shape of original core
	Rounded with high degree of polish

	Small weight increase of 2-3% due to coating material
	Larger weight increase 30-50% due to coating material

	logo or ‘break lines’ possible
	Logo or ‘break lines’ are possible

	Process
	Process

	Can be automated e.g. Accela Cota
	Difficult to automated e.g. traditional coating pan

	Easy training operation
	Considerable training operation required

	Single stage process
	Multistage process

	Easily adaptable for controlled release allows for functional coatings.
	Not able to be used for controlled release apart from enteric coating.



1.7.4.3 Press coating
Used of compression to form coat around a pre‐formed core.To separated chemically incompatible materials, one or more being placed in the core and the other(s) in the coating layer. However, there is still an interface contact left between the two layers.In cases where even this is important then the process of pre coating can be taken one stage further.It is possible to apply two press coatings to a tablet core using suitable equipment.
This equipment produces press-coated tablets with perfect separation between active core and coating, as the two can be separated by an inert middle layer.
1.7.5 Defects in coating with their reasons & remedies
	 Tablet defects
	Definition 
	Reason
	Remedies

	Blistering
	It is local detachment of film from the substrate forming blister
	Entrapment of gases in the due to overheating either during spraying or at the end of the coating run.
	Milder drying conditions are warranted in this case.

	Chipping
	It is defect where the film becomes chipped and dented, usually at the edges of tablet. 
	Decrease in fluidizing air or speed of rotation of drum in the pan coating.
	Be careful not to over dry the tablets in the preheating stage that cam makes the tablet brittle and promote capping.

	Picking
	It is defected where isolated area of film are pulled away from the surface when the tablet sticks together and then part.
	Conditions similar to cratering that produces an overly wet tablet bed where adjacent tablet can stick together and then break apart.
	A reduction in the application rate or increase in the drying air temperature and air volume usually solves this problem. Excessive tackiness may be indication of a poor formulation.

	Twinning
	This is the term for two tablets that sticks together. 
	Common problem with capsule shape tablets.
	Assuming you don’t wish to change the tablet shape, you can solve this problem by balancing the pan speed and spray rate. Try reducing the spray rate or increasing the pan speed. In some cases it is necessary to modify the design of tooling by very slightly changing the radius. The change is almost impossible to see, but it prevents the twinning problem.

	Pitting
	It is defected whereby pits occur on the surface of a tablet core without any visible disruption on the film coating.
	Temperature of tablet core is greater than melting point of material used in tablet formulation. 
	Control the temperature of tablet core during the formulation.

	Cratering
	It is defect of film coating whereby volcanic like craters appears exposing the tablet surface.
	The coating solution penetrates the surface of the tablet, often at crown where the surface is more porous, causing localized disintegration of the core and disruption of the coating. 
	

	Blooming
	It is defect where coating becomes dull immediately or after prolonged storage at high temperature.  
	It is due to collection on the surface of low molecular weight ingredients including in the coating formulation. (mainly plasticizers)
	

	Blushing
	It is defect best described as whitish specks or haziness in the film.
	It is thought to be due to precipitate polymer exacerbated by the use of high coating temperature at or above the thermal gelation temperature of the polymer. 
	

	Colour variation
	A defect which involve variation in the colour of film.
	Alteration of the frequency and duration of appearance of the tablet in spray zone or the size/shape of spray zone.
	A reformulation with different plasticizers and additives is the best way to solve film instabilities caused by the ingredients. 

	Cracking or splitting
	It is the defects in which film either cracks across the crown of the tablet (cracking) or splits around the edge of tablet (splitting).
	Internal stress in the film exceeds tensile strength of the film.
	Tensile strengths of the film can be increased by using higher molecular weight polymers or polymer blends.

	Infilling
	It is defects that render the intagliations indistinctness.
	Inability of foam, formed by air spray of a polymer solution, to break. The foam droplets on the surface of tablet break down readily due to attrition but the intagliations form a protected area allowing the foam to accumulate and set. Once the foam has  accumulate to a level approaching the outer counter of the tablet surface, normal attrition can occur allowing the structure to be covered with a continuous film.
	Judicious monitoring of the fluid application rate and thorough mixing of tablets in the pan can prevent filling.

	Orange peel or roughness
	It is surface defects resulting in the film being rough and nonglossy. Appearance as similar to that of an orange.
	Inadequate spreading on the coating solution before drying.
	1. Thinning the solution with additional solvent may correct this problem.
2. Moving the nozzle closer to the tablet bed and reducing the degree of atomization can decrease the roughness due to spray drying.

	Mottling
	Mottling is uneven distribution of the colour on surface of the tablet, with dark and light patches on it.
	It is mainly due to different coloration of the excipients or the degradation of product of the tablet is coloured.
	Coating solution prepare properly in sufficient quantity.





1.8 EVALUATION OF TABLET 
Before a tablet is released out into the market it has to pass a few quality checks, which is mandatory. Evaluation of tablet includes the assessment of tablets physical, chemical and biological properties. To studies them the following test are formulated
1) GENERAL APPEARANCE:
· General appearance is the physical appearance of the tablet it has two aspects to address
· First one is the patient compliance, if the tablet is appearance is legible and good, it improves the patient compliance.
· The second one is for the manufacturer; it helps him in trouble free manufacturing if there is tablet to tablet, batch to batch and lot to lot uniformity of tablet.
· General appearance would include a number of aspects like, size, shape, odor, taste, texture, legibility, identifying marks
2) SIZE AND SHAPE:
[image: ]
· Different shapes and sizes of tablet are available in the market they are manufactured in order to differentiate them based on their purpose of use and quantity of active ingredient, and the age group of the patient who is going to be administered with the drug.
· Heart shape tablet signify that they are for the cardiac problems, small toy shape, tablet are manufactured in order to attract children etc.
· The shape and size of a tablet would vary based on tooling used in the tablet manufacturing.
· The prime consideration here would be the crown size, because if the concavity is very high it many lead to capping, or chipping problem.
· The crown size is measured by using micrometre, and sliding calliper scale is used to measure the size of 5 to 10 tablets at a time
3) UNIQUE IDENTIFICATION MARK:
· Pharmaceutical manufacturers in order to differentiate their product from the other manufacturers emboss a special marking g on the tablet. The marking can be an embossing, engraving or printing.
· Apart from the company marking there can be imprints which include product code, product name, product potent,
· But care must be taken that the letters that are embossed on the tablet are properly printed without double impression.
4) ORGANOLEPTIC PROPERTIES:
· For rapid identification of the tablet and consumer acceptance the tablet are given a specific colour, the colour of the tablet will enable the manufacturer form differentiating the tablet lot.
· The uniformity of the colour is important parameter here; the tablet should be free form mottling.
· The colour uniformity and gloss of the tablet is evaluated by using reflectance spectrophotometer, tristimulus colorimetric measurement, micro reflectance photometer.
· The odour of the tablet indicate the stability of the tablet, for example, the smell of acetic acid in aspirin tablet indicates that the tablet is degraded
· The taste of the tablet is also an important factor, every company has a taste panel which analyse the taste of the tablet, machines are yet to be discovered which can provide the report of the taste.


5) HARDNESS AND FRIABILITY:
· Tablet hardness and strength are the essential to see that the tablet can with the shock and stress during manufacturing packing and transportation, and while handled by the patient.
· To test the hardness of the tablet Monsanto tester, Strong-cobb tester, the Pfizer tester, the Erweka tester, the Schleuniger tester are used
· Friability is the tested for a tablet to see whether the tablet is stable to abrasion or not, it is tested by using Roche friabilator. This is made up of a plastic drum fixed with a machine which rotated at 25 rpm for 100 revolutions. And then the twenty tablets which were weighed prior to the test are taken out of the drum and cleaned with a cloth and weighed once again, the weight variation must not be less than 0.5 to 1.0% for a conventional tablet
.[image: ]
Monsanto tester
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Erweka testerSchleuniger tester
6) WEIGHT VARIATION:
· Weight variation test is performed to check that the manufactured tablets have a uniform weight.
· As per USP twenty tablets are weighed individually and an compendia weight is taken, the average weight is obtained by dividing the compendia weight by 20, now the average weight is compared to the individual weight of the tablet,
· For a tablet to pass the test not more than 2 tablets should lie out of the specified percentage and if no tablet differs by more than two times the percentage limit.
	Average weight
	Maximum percentage weight allowed

	130 or less
	10

	130 to 324
	7.5

	More than 324
	5



7) DISINTEGRATION:
· Disintegration is the first physical change observed for a drug when it enters into the body, thus to see simulate the disintegration of the tablet in the body the disintegration test is performed.
· As per USP the disintegration apparatus consist of 6 glass tubes with a 10 number mesh at the bottom, each tube is 3 inch long.
· This arrangement of 6 tubes is placed in a medium simulated to the disintegration environment. This is maintained at 37°C +/- 2°C, in 1 litre vessel.
· This system is made to move up and down through a distance of 5 to 6 cm at a frequency of 28 to 32 cycles per minute.
· The disintegration time of the tablet is compared with the values in the monograph.

8) DISSOLUTION:
· The rate and extent of drug release form the tablet is estimated by dissolution test
· Different types of apparatus are used to study the dissolution test of the tablet. As per IP apparatus I (paddle) and apparatus II (basket) are used.
· But as per USP dissolution apparatus used are
USP 30 classification
i. Rotating Basket (Ph.Eur./BP/JP)
ii. Paddle (Ph.Eur./BP/JP)
iii. Reciprocating Cylinder (Ph.Eur.)
iv. Flow Through Cell (Ph.Eur./BP/JP)
v. Paddle over Disk (Ph.Eur.)
vi. Rotating Cylinder (Ph.Eur.)
vii. Reciprocating Holder
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CHAPTER 1 TABLET

 

 

 

1.1 

TABLET 

 

The discovery of new therapeutic entities always initiates excitement, but the contributions of 

the formulation specialist are either not well understood or are often taken for granted and 

thus remain ‘‘unsung.’’ However, 

the drug and its delivery system cannot be separated. The 

general design criteria for tablets are given as follows:

 

1.

 

Optimal dr

ug dissolution 

 

2.

 

Uniformity of drug content and accuracy

 

3.

 

Stability, more specially

 

stability of

 

the drug substance

 

4.

 

P

atient acceptab

ility. Maximum possibility 

the finished product should have an 

attractive appearance, such as

 

color, size, taste, et

c., 

 

5.

 

Manufacturability. The formulation design should allow for the efficient, cost

-

effective, practical production of the required batches.

 

1.2 

MODERN TABLET FORMULATION DESIGN AND MANUFACTURE

 

Tablet dosage forms have to satisfy a unique design compromise. The desired properties of 

rapid or controlled disintegration and dissolution of the primary constituent particles must be 

balanced w

ith th

e manufacturability and e

thics of a solid compact resistant to mechanical 

attrition.

 

The use of excipients in tablet formulation plays a major role in 

determining i

ts quality and 

performance. Excipients

 

may be selected to enhance stability (antioxidants, U

V absorbers), 

optimize or modify drug release (disintegrates, hydrophilic polymers, wetting agents, 

biodegradable polymers), provide essential manufacturing technology functions (binders, 

glidants, lubricants), enhance patient acceptance (flavours), or aid

 

in product identification 

(colorants). Thus a tablet formulation is not a random combination of ingredients, but rather a 

carefully thought out, rational formulation designed to satisfy the above criteria.

 

The selection of excipients in tablet formulation

 

is not a major issue formulation selected due 

to some 

external factors such as cost, functional reliability, availability, and international 

a

cceptance factors

. For example, although the official compendia provide standards for 

identity and purity of exci

pients, monographs may not provide tests to assure their 

functionality.

 

