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ABSTRACT
Nanotechnology is set to impact medicine and pharmaceutical sciences with its added advantages being stable, capable of being functionalized, biocompatible, and directed to specific target sites in the body after systemic administration. It can play a major role in diagnosis and therapy of all major diseases affecting mankind. In this chapter we have tried to explore some methods of formulation of nanoscale carriers and their applications to improve oral bioavailability. We have targeted nanotechnology for oral dosage forms because of the greatest degree of patient compliance as it ensures convenience, enables self-administration, and offers great flexibility in dosage regimen. This chapter also discusses various oral drug administration dosage forms with their short introduction. The current discussion is not limited just to methods and its applications to enhance oral bioavailability but it spreads its boundaries to the current examples where nanotechnology has peeped in for drugs with its dosage form for oral administration too. The scope of this chapter limits our discussion about formulation aspects of nanoscale carriers but, there lies a great potential of nanotechnology as a tool to manipulate solubility of many drugs thereby improving their oral bioavailability.
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1. INTRODUCTION
A drug is defined as an agent intended for use in the diagnosis, mitigation, treatment, cure, or prevention of disease in humans or in other animals (Food, Drug, and Cosmetic Act, 1938). The most promising qualities of a drug are the diverse actions and effects it has on the body. This diversity shown by drugs enables its selective use in the treatment of a range of not only common, but also rare conditions that are involved in each and every system of the body organ, tissue, and cell. The process that leads to drug discovery and its development is very tedious and time consuming. After a potential new drug substance is discovered, it has to undergo a definite chemical and physical characterization. Large amount of data and essential biologic information must be gathered for its prediction to be safe and effective. It involves the collective contributions of many scientific specialists various area of expertise, including organic, physical, and analytical chemists; biochemists; molecular biologists; bacteriologists; physiologists; pharmacologists; toxicologists; haematologists; immunologists; endocrinologists; pathologists; biostatisticians; pharmaceutical scientists; clinical pharmacists; physicians; and many others. As a pharmaceutical formulation scientist, pharmacist and healthcare professional it is our endeavour to design drug products that are capable of delivering optimal performance to ensure improved therapeutic outcomes. The basis of any drug delivery system is to deliver the therapeutic agents to patients more safely and in effective manner. This chapter focuses on the fundamental concepts on routes of administration, their applications in the product development and concepts to design various drug delivery systems.
The efficiency of a therapy solely depends upon two main factors of drug delivery, the rate at which the drug molecule is delivered to site of therapeutic action and the extent (i.e. the concentration) that is attained at the therapeutic site of action. It is commonly said that, the barriers of drug delivery and therapeutic site targeting are so (adamant) that these turn unless every effective and potent drug molecule to a therapeutically ineffective one. The rate and extent of drug at the therapeutic site of action depends on the drug deposition site, its rate of absorption from the site of administration, its pattern of distribution and its metabolism in the body. The most extensively used, but not limited to, drug delivery routes are, the oral, the rectal, the parenteral and the topical route. To facilitate administration of the drug by the selected routes, appropriate dosage forms, such as tablets, capsules, injections, suppositories, ointments, aerosols, and others, are formulated and prepared. Each of these dosage units is designed to contain a specified dose of medication for ease and accuracy of dosage administration. These dosage forms are designed as highly sophisticated drug delivery systems. The design, development, manufacturing, and administration are based on the absolute knowledge of pharmaceutical sciences that comprises of the basic and applied, clinical sciences and pharmaceutical technology. The drug and pharmaceutical excipients should have minimal interaction with one another to produce a drug product that is stable, efficacious, attractive, easy to administer and safe.
Other than providing the mechanism for safe and easy drug delivery of accurate dose, these dosage forms are required for additional reasons like:

i. Protection of drug from environmental factors like atmospheric oxygen or humidity and from in-vivo factors like gastric acid after oral administration of dosage form.
ii. To mask bitter, salty or obnoxious odour, taste of the drug substance.

iii. To entail specific characteristics into the liquid preparation of drug substances like dispersion, suspension or solubilisation.
iv. To enable rate-controlled drug delivery of specific drug substance.

v. To provide systemic or local optimal drug action from topical administration sites.

vi. To enable the characteristic hardness for insertion of dosage form into body cavities.
vii. To deposit drug substance directly into systemic circulation via blood stream or body tissues.

viii. To enable characteristics of vapour or submicron particles of drug substance in to the respiratory system. 

There are very few occasions where the drug substance is administered alone, and the drug requires some components (non-drug) in its formulation as a dosage form, known as excipients. The excipients are added in the formulation for various reasons so as to solubilise, suspend, thicken, dilute, emulsify, stabilize, preserve, colour, flavour and impart other characteristics required specifically for that formulation. The proper design and formulation of a dosage form require consideration of the physical, chemical, and biologic characteristics of all of the drug substances and pharmaceutical ingredients to be used in fabricating the product. The drug and pharmaceutical materials must be compatible with one another to produce a drug product that is stable, efficacious, attractive, easy to administer, and safe [1].
Basic considerations for dosage form design:

To establish the framework for product development, the first step is to determine the desired product type. Once the product type is decided, the next step is to develop a prototype formulation to study the desired features (drug release profile, bioavailability, clinical effectiveness, etc.), pilot plant formulation study and scale up for production. The formulation that is most close to the specific and desired characteristics for that product is selected as the master formula. The batches produced later are deemed to meet the specifications defined in the master formula. The drug substance can be formulated in various dosage forms. The driving force for the formulation of drug substance into various dosage forms is the intended use of the drug product. If the drug substance is to be used for systemic effect and oral administration is desired, then the formulator will usually formulate tablets and/or capsules since these are convenient to self administer and easy to handle. If it is the other way, that means if the emergency action of drug substance is desired and the oral administration is not possible (paediatric and/or geriatric or patient is in coma) the formulator may formulate an injectable dosage form for the same drug substance. The therapeutic response to a drug is the result of an interaction of the drug substance with the clinically important cellular receptors or enzyme(s). The therapeutic response elicited is as a result of modification of the biologic process that was operational (abnormal or other than its normal function) prior to drug administration. The range or magnitude of the response depends on the concentration of the drug substance at the therapeutic site of action. This drug substance concentration achieved at the site of action is dependent on the dose of drug administered, extent of drug absorption and distribution to the site, and the rate and extent of its metabolism and elimination from the body. The ability of a drug to carry out its biologic activity depends upon the physical and chemical constitution of the drug, in particular its lipid solubility, the degree of ionization, and size of drug molecule. Generally, for a drug to exert its therapeutic effect, it must be carried by the body fluids, traverse the required biologic membrane barriers present at the therapeutic site, escape the widespread unnecessary distribution to the unwanted areas, withstand metabolic attack, penetrate in adequate concentration to the sites of action, and interact to cause modification of cellular function. The area of study that embraces the relationship between the physical, chemical, and biological sciences as they apply to the drugs, its dosage forms, and the drug action is called as biopharmaceutics. The absorption, distribution, biotransformation commonly called as metabolism, and elimination of a drug from the body are the dynamic processes that initiate from the time a drug is taken and continue until drug has been entirely removed from the body. The onset, intensity, and duration of the therapeutic activity of the drug within the body is guarded by the rates at which these processes occur. The area of study that elucidates the time course of drug concentration in the blood and tissues is termed as pharmacokinetics.
The term bioavailability refers to the rate and extent to which a drug substance is absorbed from a drug product and becomes available at the site of action. The term bioequivalence refers to the comparative study of bioavailabilities of different formulations, drug products, or different batches of the same drug product. The availability of the drug substance to the biologic system of a drug product is fundamental to the goals of dosage form design and most important to the effectiveness of the medication. During the formulation development stages of a drug product, pharmaceutical scientists employ bioavailability studies to compare different formulations of the drug substance to ascertain which formulation allows the most desirable pattern of drug absorption. The problem of determining the bioequivalence between drug products of competing manufacturers is a hot topic for scientific investigations in the recent years. This is because, the rate and extent to which a drug substance in a dosage form becomes available for absorption or use in the body depend in a great measure on the excipients in the formulation and on the method employed for the manufacture. That is the reason why, same drug when formulated in different dosage forms may be found to possess different bioavailability characteristics and hence exhibit different therapeutic or clinical effectiveness of the same drug substance. Thus, two seemingly identical or equivalent drug products of the same drug containing the same dosage strength and in the same dosage form but, differing in excipients or in the method of manufacture may vary widely in their bioavailability and in clinical effectiveness.
Routes of administration: Drug substance(s) may be administered using a variety of dosage forms and routes of administration. One of the fundamental criteria for selection of dosage form and the route of administration is whether the drug is intended for local effect or systemic action. Local effects are

the one that are achieved by direct application of the drug to the desired site of action, for e.g. the eye,

nose, or skin. Whereas, systemic effect is the one that results from the deposition or entry of the drug directly into the circulatory system and then transportation to the required cellular site of its action via circulatory system. For systemic effects, a drug may be placed directly in the bloodstream via intravenous injection or absorbed into the venous circulation following oral or other route of administration. An individual drug substance may be formulated into multiple dosage forms that result in different drug absorption rates and times of onset, peak, and duration of action. For example, in case of nitroglycerin, a potent vasodilator used to treat angina, the sublingual, intravenous, and buccal forms present extremely rapid onsets of action, whereas the oral (swallowed), topical ointment, and topical patch present slower onsets of action but greatly extends the duration of action. The difference in absorption between dosage forms is a function of the formulation and the route of administration.

Oral route: Drugs are most frequently administered by oral route. Nearly all of the drugs taken orally are intended to be swallowed wholly and a few are to be dissolved in the oral cavity. Furthermore, most of the drugs are taken for the systemic effects that result after absorption from various sites along the gastro-intestinal tract. A few drugs such as antacids are swallowed for their local effect of neutralisation of excess acid secreted in the stomach. When compared with other routes of administration, oral route is considered as the most natural, uncomplicated, convenient, and safe means of administering drugs. With all the above advantages, the oral route also encounters some disadvantages of slow drug response (compared with parenterally administered drugs); chance of irregular absorption of drugs, depending upon such factors as constitutional makeup and the amount or type of food in the gastrointestinal tract; and the destruction

of certain drugs by the acid reaction of the stomach or by gastrointestinal enzymes. The most popular dosage forms through which the drugs are administered by oral route are tablets, capsules, suspensions, and various pharmaceutical solutions.
Capsules: Capsules are the solid dosage forms in which medicinal agents and/or inert substances are enclosed in a small shell that in most of the cases is made of gelatine. Depending on the composition of shell the gelatin capsule shells may be hard or soft. The shells may be composed of two pieces, a body and a cap, or they may be composed of a single piece. Two-piece capsules are commonly referred to as hard-shell capsules, and one-piece capsules are often referred to as soft-shell capsules. Capsules are intended mostly to be swallowed as a whole. However, for children or other patients those are unable to swallow solid dosage forms as a whole, the midwives may open the capsules and sprinkle the contents over food or drink, with prior concurrence of the pharmacist.
Hard gelatin capsules: the most commercial medicated capsules make use of hard gelatin shells and also in some non-commercial applications like clinical trials where as to compare the effects of an investigational drug with those of another drug product or placebo. The empty shells of hard gelatin may be composed of gelatin, sugar and water which render them practically clear, colorless and mostly tasteless, but in various other cases food, drug and cosmetic dye, titanium dioxide, approved by regulatory bodies is added to make the shells opaque. To make the capsules easily identifiable and distinct, most commercially available medicated capsule shells contain combinations of approved opaquants and colorants. 
Gelatin, available in various forms such as fine and coarse powder, shreds, flakes or sheets, is obtained by the partial hydrolysis of collagen obtained from the skin, white connective tissue, and bones of animals. Gelatin is stable in dry air, but in moist air it gets decomposed due to microbial contamination. Normally, the hard gelatin capsule shell contains 13% to 16% moisture, but on exposure to humid air it tends to absorb additional moisture and lose its rigid shape or become distorted. Conversely, in extremely dry air, it loses its residual moisture and may become brittle and break upon handling. Therefore, it should be noted that the hard gelatin capsule shells must not be stored at the condition of extremes of moisture or dryness. One of the hidden advantages with the use of gelatin is that as it gets wetted by water or saliva, it slides down the throat easily making it much more comfortable to swallow. Chemically gelatin is a protein hence gets digested by proteolytic enzymes and is being absorbed in the body. It is soluble in water and gastric contents at body temperature and therefore gelatin capsule dissolves rapidly to make the contents available in gastrointestinal tract for absorption. Most capsules are formulated as immediate release dosage forms and a deliberate effort has to be made to modify the API release rate so as to render it as a modified release formulation. Hard gelatin capsule shells are manufactured in two sections, the capsule body and a shorter cap. The two parts overlap when joined, with the cap fitting snugly over the open end of the capsule body. In other instances, the capsule shells are designed to lock in place when closed with a little mechanical force. The shells are produced industrially by the mechanical dipping of pins or pegs made of manganese bronze affixed to a plate of up to 500 pegs of the desired shape and diameter into a temperature-controlled reservoir of melted gelatine mixture.
Capsule sizes: Empty gelatin capsules are manufactured in various lengths, diameters, and capacities. The size selected for use is determined by the amount of fill material to be encapsulated. The density and the compressibility of the material to be filled in the capsule will determine the amount that can be packed into the capsule shell. To get a rough idea of the amount of material that could be packed in the capsule shell, a powder of known features is used for comparison. The final amount that could be packed is a judgment-based trial and error procedure. For human use, empty capsules ranging in size from 000 (the largest) to 5 (the smallest) are commercially available. Larger sizes are also available, but for veterinary use. Hard gelatin capsules permit a wide number of options for the pharmacist as he may compound capsules of a single medicinal agent or combination of agents at the precise dosage prescribed.
Procedure for preparation of hard gelatin capsules is divided into following four steps:
1. Developing and preparing the formulation and selecting the capsule size.

2. Filling the capsule shells with the required contents.
3. Sealing the filled capsule shells.
4. Dusting and polishing the filled capsules.
The goal behind developing a capsule formulation is to prepare a capsule with accurate dosage, good bioavailability, ease of filling and production, stability, and elegance of the final drug product. In order to ensure uniformity of powder to be filled in capsule shell, the active and inactive components must be blended thoroughly. Special attention must be applied for potent drugs as lack of homogeneity of dose may lead to much more significant therapeutic outcomes. Preformulation studies are required to determine if the bulk formulation powders require any additional procedure like size reduction or any special processing to ensure homogeneity of dose. A diluent or filler such as lactose, microcrystalline cellulose and / or starch may be added to the formulation to produce the proper capsule fill volume and also provide required cohesion to the powders, which is important while transferring the powder blend into capsule shells. Disintegrants such as pregelatinized starch, croscarmellose, and sodium starch glycolate are frequently included in a capsule formulation to assist the breakup and distribution of the capsule's contents in the stomach.

Developing and preparing the formulation and selecting the appropriate capsule size: If there is difference in particle size and density of drug and excipients, it may lead to dose un-uniformity due to blending inconsistencies. In order to achieve uniform drug distribution and uniform blend with the excipients, these are required to be in narrow size distribution. Whenever necessary the particle size may be reduced by milling to produce particles ranging from about 50 to 1000 mm. Micronization technique that produces particles ranging from about 1 to 20 mm is employed for drugs having dose less than 10 mg. High speed automated equipments, the powder mix or granules must be free flowing to allow steady passage of the capsule fill from the hopper through the encapsulating equipment and into the capsule shells. If the fill is not free flowing to the required extent, then an excipient known as lubricant or glidant in the concentration range from 0.25 to 1% of the total blend is added. Some commonly used lubricants or glidants are fumed silicon dioxide, magnesium stearate, calcium stearate, stearic acid or talc. If any of the excipient is water insoluble in nature then it retards the water penetration in the fill and hence can delay the drug dissolution and absorption. To overcome such problem a surface-active agent is incorporated to facilitate wetting of fill and enhance dissolution. Some of the drug powders have a tendency of poor water solubility due to presence of envelop of air around the particles rendering them poor water penetration. In such cases another excipient known as disintegrant is added to facilitate the breakup and distribution of capsule fill. Every excipient may it be disintegrant, lubricant or filler it has effect on the dissolution and hence bioavailability of a drug substance that can account for differences in drug effects between two capsule products of same drug substance. The pharmacist must be aware of this fact when product interchange for generic substitution is considered. 

As water softens, distorts gelatin and may result in leakage, aqueous liquids are not suitable as a fill in gelatin capsules. However, fixed or volatile oils that do not interfere with the integrity of gelatin shells can be filled in gelatin capsule and the filled capsule can be sealed with a gelatin solution from outside. Eutectic mixtures of drugs or excipients, those that tend to liquefy upon admixing, may be mixed with a diluent or absorbent like kaolin, magnesium carbonate or light magnesium oxide to separate the interacting agents or absorb the liquefied material so formed.
The capsule size is selected done during product development phase and is based upon the requirements of the formulation, including the dose of the active ingredient, the compaction characteristics of the drug and excipients and their densities. If the dose of the drug is insufficient to fill the volume of the capsule body, a diluent is added. The density and compaction characteristics of a capsule's active and inactive components can be determined or could be found in the literature also prior experiences could serve as a guide in selection of capsule size. Use of the smallest size capsule that is properly filled is preferred. A properly filled capsule should have its body filled with the drug mixture, not the cap. The cap is intended to fit snugly over the body to retain the contents.
Method for proper selection of capsule size is, initially weigh the ingredients for the required number of capsules to be filled. Place the powders in a graduated measuring cylinder to obtain the volume occupied by the powder. Divide the volume by the number of capsules to be filled, and this gives the volume occupied by the powder per capsule. If the capsule is too large, simply multiply the capsule size in volume by the number of capsules to be filled to obtain the final volume of the powder that is required. Then add additional diluent to the graduated cylinder containing the powders to the mark indicated for the total volume of powder required. Subtracting the total weight of powder blend from the initial quantities weighed to give the quantity of additional diluent that was added.
Filling of hard capsule shells by punch method: As the initial step, a pharmacist counts the precise number of empty capsules to be filled from the stock container of capsules. The powder to be encapsulated is placed on a sheet of clean buttered paper or on a glass or porcelain plate. Using spatula, the powder mix is formed into a cake having a depth of approximately 1/4th to 1/3rd length of the body of capsule. Then a pharmacist wears surgical gloves made of latex and an empty capsule body held between the thumb and forefinger is punched vertically into the powder cake with open end repeatedly until it gets completely filled. The amount of powder packed into a capsule depends on the degree of compression of the fill, each capsule in is weighed after capping. After the body of a capsule has been filled and the cap placed on the body, the capsule body may be squeezed or tapped gently to distribute some powder to the cap end to give the capsule a full appearance. For filling of capsules on a moderately large number, a capsule filling machine can be employed that has the capacities of 24 to 300 capsules and can produce 200 to 2000 capsules per hour if used efficiently. With empty capsules in the loader tray, the tray is to be placed on top of the filler unit. The loader inserts the capsules into the filling unit and when it is removed, and the top plate is lifted, it separates the caps from the bodies of capsules. The powder is placed on the unit, and the capsule bodies are filled. The top plate is returned to the unit, and the caps are placed on filled capsule bodies. The upper plate is then removed and all the capsules checked to confirm a good seal is made with all of them. The lower plate is removed and the capsules allowed to fall-out of the plate onto a surface for visual examination. For industrial scale, automated machines that have capacity to separate the caps from empty capsules, fill the bodies, scrap-off the excess powder, replace the caps, seal the capsules, and clean the outside of the filled capsules at up to 165,000 capsules per hour are used.
Capsule sealing process: This process is applicable only for tamper-evident capsules and is followed by many companies now-a-days to ensure integrity of their product until it reaches the end user. The joint between the body and cap is sealed to render it tamper-evident. Some manufacturers make a distinctive looking capsule sealing band of gelatin. Capsules may also be sealed by a heat wielding process that fuses the capsule cap to the body through the double wall thickness at the junction. Some other manufacturers employ a liquid wetting agent that lowers the melting point of the contact area the cap and body of the capsule and finally seals that part thermally at 40-450C. Industrially available machines can produce 60000 to 150000 capsules per hour for gelatin banded, heat welded, or thermally sealed capsules.
Cleaning and polishing of capsules: To improve the appearance and to ensure no powder is adhering on the exterior surface of filled capsule shell (that may give bitter, unpalatable taste to the capsule) the capsules are to be cleaned individually by rubbing them on a clean gauze or cloth. On industrial scale, although it is impossible so capsule filled machines make an additional attachment with a cleaning vacuum that removes any power material adhered on the capsule surface. Polishing of de-dusted capsules is done by polishing pan that has cloth attached on the inner surface of the drum that is rotated at constant speed.

Soft gelatin capsules: Soft gelatin capsules are composed of gelatin and glycerine or an alcohol such as sorbitol. These contain more moisture than hard capsules, may include a preservative, such as methylparaben and/or propylparaben in various concentrations, to control or retard microbial growth. These come in various shapes like oblong, oval or round and may have identifiable imprints or markings. These may also contain opaquants to reduce transparency and give the capsules a unique character. Soft gelatin capsules could be used to fill and hermetically seal liquids, suspensions, dry powders and even granules or pellets.

Preparation of soft gelatin capsules: Soft gelatin capsules may be prepared on small scale by plate process, using a set of moulds to form the capsules, or using more efficient productive rotary or reciprocating die processes by which they are produced, filled, and sealed in a continuous operation on a large scale. In a typical plate process, a warm sheet of gelatin is placed on the bottom plate of the mould, and the medication-containing liquid is evenly poured on it. A second sheet of gelatin is placed on top of the medication, and the top plate of the mould is put into place. Pressure is then applied to the mould to form, fill, and seal the capsules simultaneously.
The rotary die process was developed by Robert P. Scherer in the year 1933, in which liquid gelatin is formed into two continuous ribbons by rotary die machine and brought together between twin rotating dies at the same time an accurately measured liquid fill containing medication is injected between the dies by a peristaltic syringe like assembly. The continuous opening and closing of these dies fills the dies with appropriate fill. This forms pockets in the sheet of the gelatin ribbon that is present at the die, this filled capsule gets sealed by pressure and heat. This ribbon then gets sliced at pockets formed to get the soft filled capsule. Liquids that can be encapsulated in soft gelatin capsule are,
· Water-immiscible volatile and non-volatile liquids such as vegetable and aromatic oils, aromatic and aliphatic hydrocarbons, chlorinated hydrocarbons, ethers, esters, alcohols, and organic acids.

· Water-miscible non-volatile liquids, such as polyethylene glycols, and non-ionic surface-active agents, such as polysorbate 80.

· Water-miscible and relatively non-volatile compounds such as propylene glycol and isopropyl alcohol, depending on factors such as concentration used and packaging conditions.

Official tests for capsules include disintegration test and dissolution test, weight variation test, content uniformity, stability testing and moisture permeation test are performed, but not limited to, for both hard and soft gelatin capsules.

Tablets: Tablets are solid unit dosage forms that are usually manufactured with the help of suitable pharmaceutical excipients that play a vital role in imparting special characteristics to the dosage form. Tablets may vary in size, shape, weight, hardness, thickness, disintegration, and dissolution characteristics and in other aspects, depending on their intended use and method of manufacture. Most tablets are intended to be used in the oral administration of drugs for local or systemic effects. Many of these are prepared with colorants and coatings of various types depending upon their special roles in drug delivery. Other tablets like those that are administered sublingually, buccally, or vaginally, are prepared to have special features applicable to their particular route of administration. Tablets may be prepared by moulding and compression. Moulded tablets are prepared on a small scale by manually forcing dampened powder material into a mould from which the formed tablet is ejected and allowed to dry afterwards in dryer or suitable equipment. Compressed tablets are manufactured with tablet compression machines capable of exerting great pressure in compacting the powdered or granulated material. The shape and size of tablet prepared depends upon the various shapes and sizes of dies and punches. Some tablets are prepared with a groove, often called as score, that enables breaking of tablets in two or more pieces for reduced or divided doses. Those tablets without groove are not intended to be broken because these have a special coating and/or drug release profiles are modified.
Compressed tablets are composed of medicinal agent and other excipients including following, diluents or fillers that form the bulk of the formulation and enable desired size of tablet. Binders or adhesives, these impart the required adhesion of the particles of the formulation that finally form granulation and maintain integrity of the tablet. Disintegrants or disintegrating agents, are the excipients which promote breakup of the tablets, after administration to smaller particles for ready drug solubilisation and consequently the drug bioavailability for absorption. Anti-adherents, glidants, lubricants, or lubricating agents, which enhance the flow properties of the material into the tablet dies from the hopper, minimize the wear of the punches and dies, prevent fill material from sticking to the punches and dies, and produce tablets with a sort of glossy appearance. Miscellaneous adjuncts such as colorants and flavouring agents give desired colour and mask the bitterness of drug. Sometimes, multiple compressions are required for preparation of multi-layered tablets resulting in inner tablet being the core and the outer portion being the shell. Each layer formed may contain a different medicinal agent, separated for reasons of chemical or physical incompatibility, staged drug release, or simply the unique appearance of the layered tablet. Specialized equipment is required for its preparation that enables placing the preformed tablet onto which the other layer(s) may be added by successive compression cycles.
Sugar coated tablets: The compressed tablets may alternatively be applied a sugarcoat that protects the enclosed drug from the environment and provides a barrier to objectionable taste or odour. The sugarcoat also enhances the appearance of the compressed tablet and permits imprinting of identifying manufacturer's information. The sugar coat applied could be colourless or coloured, which is water soluble and can dissolve quickly after swallowing. Sugarcoating may add 50% weight and bulk to the uncoated tablet. Sugarcoating tablets requires time and expertise in the coating process and it increases the size, weight, and incurs shipping costs.
Film coated tablets: Film-coated tablets are compressed tablets coated with a thin layer of a specialized polymer capable of forming a skin-like film. The film is usually coloured, more durable, less bulky, and less time-consuming to apply than the sugarcoating. The specialized polymer applied can rupture and expose the contents of the tablet at desired site in the gastro-intestinal tract.
Gelatin-coated tablets: The innovation commonly called as gelcap, is a capsule-shaped compressed tablet that allows the coated product to be about one-third smaller than a capsule filled with an equivalent amount of powder. The gelatin coating facilitates swallowing, and gelatin-coated tablets are more tamper evident than unsealed capsules.
Enteric coated tablets: These are the delayed release tablets that are designed to pass the stomach unchanged to reach intestines, disintegrate and release the drug contents in order to absorb and/or for localized therapeutic effect. Enteric coating enables the drug to be protected from gastric acid or if the drug substance is gastric irritant.

Buccal and sublingual tablets: Buccal tablets are intended to be dissolved in the buccal pouch and sublingual tablets under the tongue for absorption through the oral mucosa. These are specially formulated for drugs that are destroyed in gastric acid or are poorly absorbed from stomach. The shape of these tablets is flat and oval to easily fit in the buccal pouch and dissolve slowly. Lozenges or troches come under this tablet forms and contain medicinal agents and flavouring substance in hard candy or sugar base. They are intended to be slowly dissolved in the oral cavity, usually for local effects, although some may be formulated for systemic absorption.

Chewable tablets: Chewable tablets are sooth and rapidly disintegrating when dissolved in mouth or chewed and have a creamy base, flavoured and coloured mannitol. These are especially useful for administration of large tablets to children and adults those that have difficulty in swallowing solid dosage forms.

Effervescent tablets: Effervescent tablets are prepared by compressing granular effervescent salts that release gas when in contact with water. These tablets generally contain medicinal substances that dissolve rapidly when added to water. The bubble action can assist in breaking up the tablets and dissolution of the active drug.

Moulded tablets: Certain tablets like the tablet triturates may be prepared by moulding rather than by compression. The resultant tablets are very soft and soluble and are designed for rapid dissolution.
Tablet triturates: Tablet triturates are small, usually cylindrical, moulded or compressed containing small amounts of potent drugs. Today, only a few tablet triturates, that too produced only by compression are available commercially. The compression pressure is kept low so as to render them readily and completely soluble in water. Diluent is usually combination of sucrose and lactose.
Hypodermic tablets: Hypodermic tablets were used by physicians in extemporaneous preparation of parenteral solutions. The required number of tablets was dissolved in a suitable vehicle, sterility attained and injection performed. However, the difficulty in achieving sterility and the availability of prefabricated injectable products, in disposable syringes, have eliminated the need for hypodermic tablets.
Immediate release tablets: Immediate release tablets are designed to disintegrate and release their medication with no special rate-controlling features, such as no special coatings and other techniques.
Rapidly disintegrating or dissolving tablets: Rapid-release tablets (rapidly dissolving tablets or RDTs) are characterised by disintegrating or dissolving in mouth within 10 seconds to 1 minute. Tablet of this type are designed for paediatric and geriatric use who have difficulty in swallowing. They liquefy on tongue enabling the patient to swallow the liquid. Following techniques are used for their production: lyophilization (Zydis), soft direct compression (Wow-tab) and other methods (Quicksolv). These tablets are prepared using very water-soluble excipients into the tablet for rapid disintegration or dissolution.
In continuation with the drug solubility and the pharmacotherapeutic problems associated with it, it is very suggestive that we move further with this chapter to explore some new avenues that could possibly improve solubility and absorption of poorly soluble drugs.
One of the promising technique or method is nanotechnology. Let us now have a closer look at nanotechnology as a method to improve pharmacotherapeutic performance of drugs.

Nanotechnology is the science and engineering of manipulating matter at the nanoscale (1–100 nm) to create new and unique materials and products. Nanotechnology has many applications in various fields, including oral dosage form formulation. Some of the applications of nanotechnology in oral dosage form formulation are:

· Enhancing the solubility and bioavailability of poorly water-soluble drugs. Many drugs have low solubility in water, which limits their absorption and bioavailability in the gastrointestinal tract. Nanotechnology can help to overcome this challenge by reducing the particle size of the drug to nanoscale, which increases the surface area and dissolution rate of the drug. Nanoparticles can also be coated with surfactants or polymers to improve their stability and permeability across the intestinal mucosa. Examples of nanotechnology-based oral dosage forms for poorly water-soluble drugs are nanosuspensions, nanocrystals, solid lipid nanoparticles, liposomes, niosomes, micelles, and polymeric nanoparticles.

· Targeting specific sites or cells in the gastrointestinal tract. Nanotechnology can also be used to design oral dosage forms that can deliver drugs to specific regions or cells in the gastrointestinal tract, such as the stomach, small intestine, colon, or lymphatic system. This can enhance the efficacy and safety of the drugs by reducing their systemic exposure and side effects. Nanoparticles can be modified with ligands or stimuli-responsive materials that can recognize and bind to specific receptors or enzymes on the target site or cell. Examples of nanotechnology-based oral dosage forms for targeting are enteric-coated nanoparticles, mucoadhesive nanoparticles, pH-sensitive nanoparticles, enzyme-responsive nanoparticles, and magnetic nanoparticles.

· Improving the patient compliance and convenience. Nanotechnology can also help to improve the patient compliance and convenience by developing oral dosage forms that are easy to administer, swallow, and dissolve. Nanoparticles can be incorporated into fast-dissolving films, tablets, capsules, or gels that can disintegrate rapidly in the mouth or stomach and release the drug quickly. Nanoparticles can also be designed to have prolonged release or controlled release properties that can reduce the frequency of dosing and maintain the therapeutic plasma levels of the drug. Examples of nanotechnology-based oral dosage forms for improving patient compliance and convenience are nanoparticulate fast-dissolving films, nanofibers, nanogels, nanospheres, and nanocapsules.

These are some of the applications of nanotechnology in oral dosage form formulation that can offer many advantages over conventional oral dosage forms. However, there are also some challenges and limitations associated with nanotechnology-based oral dosage forms, such as their stability, toxicity, scalability, regulatory approval, and cost-effectiveness. Therefore, more research and development are needed to overcome these challenges and explore the full potential of nanotechnology in oral dosage form formulation.

At this scale, materials often exhibit unique properties that can be harnessed for various applications in medicine, electronics, energy, and more. Nanotechnology methods are the techniques used to design, create, and manipulate nanoscale materials and devices. Here are some common nanotechnology methods:
1. Top-Down Fabrication: In top-down approaches, bulk materials are gradually reduced in size to the nanoscale through etching, lithography, or mechanical milling. This method allows for the creation of nanoscale structures from larger materials.

2. Bottom-Up Fabrication: In bottom-up approaches, nanoscale materials are built atom by atom or molecule by molecule to form the desired structure. Common methods include chemical vapor deposition, molecular self-assembly, and epitaxial growth.

3. Chemical Synthesis: This method involves the controlled chemical reactions that lead to the formation of nanoscale materials. It includes methods like sol-gel synthesis, hydrothermal synthesis, and chemical reduction.

4. Self-Assembly: Self-assembly involves arranging nanoscale components into desired structures without external direction. The components spontaneously organize due to their inherent properties. This method is inspired by biological processes and allows for the creation of complex structures.

5. Nanolithography: Nanolithography is a technique used to pattern nanoscale features onto surfaces. It includes electron-beam lithography, nanoimprint lithography, and scanning probe lithography.

6. Atomic Layer Deposition (ALD): ALD is a thin-film deposition technique that enables precise control over material thickness at the atomic level. It involves sequentially depositing individual atomic layers onto a substrate.

7. Electrospinning: This method involves creating nanofibers by applying an electric field to a polymer solution or melt, causing the polymer to elongate and solidify into nanoscale fibers.

8. Physical Vapor Deposition (PVD): PVD methods, such as sputtering and evaporation, involve depositing thin films of materials onto substrates. These techniques are widely used in the semiconductor industry.

9. Molecular Beam Epitaxy (MBE): MBE is a method used to grow single-crystal thin films with atomic precision. It involves directing molecular or atomic beams onto a substrate to create precise crystal structures.

10. Carbon Nanotube (CNT) Synthesis: Methods like arc discharge, laser ablation, and chemical vapor deposition are used to produce carbon nanotubes, which have unique electrical and mechanical properties.

11. Nanoparticle Synthesis: Nanoparticles of various materials can be synthesized through methods like chemical precipitation, microemulsion, and sonochemical methods.

12. Template-Assisted Methods: These methods use templates or molds to guide the growth or assembly of nanoscale structures. They can be useful for creating nanowires, nanotubes, and other nanostructures with specific shapes and sizes.

These are just a few examples of the many nanotechnology methods used in research and industrial applications. As the field of nanotechnology continues to evolve, new and innovative techniques are likely to emerge.
The above listed methods are used to prepare materials of nano scale that exhibit unique properties that can be explored for various applications in medicine, pharmacy and more. Of the above listed methods, not all have found applications in pharmacy, but researchers are still exploring to make maximum use of these methods for benefiting the human race, by seeking applications in medicine and pharmacy. 

The following are the nanotechnological applications that could be made use of in pharmacy in areas as depicted below: 
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1. Drug Delivery Systems: Nanoparticles and nanocarriers can be used to deliver drugs to specific targets in the body, improving drug efficacy and reducing side effects. Liposomes, polymeric nanoparticles, micelles, and dendrimers are examples of nanocarriers used to encapsulate and deliver drugs.

2. Improved Bioavailability: Many drugs have low solubility or poor absorption rates, leading to reduced bioavailability. Nanotechnology can enhance drug solubility and permeability, increasing their effectiveness.

3. Targeted Drug Delivery: Nanoparticles can be engineered to target specific tissues or cells, improving drug delivery to disease sites while minimizing systemic exposure. Active targeting involves attaching ligands to nanoparticles that recognize specific receptors on the target cells.

4. Long-Acting Formulations: Nanotechnology allows for sustained release formulations, providing a controlled and prolonged drug release, which can reduce the frequency of dosing and improve patient compliance.

5. Personalized Medicine: Nanotechnology enables the development of personalized drug delivery systems tailored to an individual's genetic makeup, disease state, and other factors.

6. Cancer Therapeutics: Nanoparticles have been widely explored for cancer therapy. They can deliver anticancer drugs directly to tumor cells, enhance drug accumulation in tumors through the enhanced permeability and retention (EPR) effect, and be combined with other therapies like photodynamic therapy and hyperthermia.

7. Vaccines: Nanotechnology has been used to develop innovative vaccine formulations that enhance the immune response and allow for targeted antigen delivery to immune cells.

8. Gene Therapy: Nanoparticles can protect and deliver genetic material, such as plasmid DNA or RNA interference molecules, for gene therapy applications.

9. Diagnostic Imaging: Nanoparticles can serve as contrast agents in various imaging modalities, including magnetic resonance imaging (MRI), computed tomography (CT), and ultrasound, improving sensitivity and resolution.

10. Biosensors: Nanotechnology-based biosensors can detect disease markers or pathogens with high sensitivity, enabling early diagnosis and real-time monitoring of diseases.

11. Antimicrobial Applications: Nanoparticles with antimicrobial properties can be used for wound dressings, coatings on medical devices, and treatments for infections.

12. Organ and Tissue Regeneration: Nanomaterials can be incorporated into scaffolds for tissue engineering and regenerative medicine applications to promote tissue growth and repair.

13. Neurological Disorders: Nanotechnology holds promise in delivering drugs across the blood-brain barrier for the treatment of neurological disorders.

From the wide range of applications listed above, discussion of all these methods is beyond the scope of this chapter. Let us now consider the applications of nanotechnology in improving oral bioavailability by increasing solubility of poorly soluble drugs.
Nanotechnology has played a significant role in enhancing the solubility of poorly water-soluble drugs, which is a common challenge in pharmaceutical development. When drugs have low solubility, their bioavailability is often limited, leading to reduced therapeutic efficacy and potential formulation issues. Here are some ways nanotechnology is instrumented to enhance drug solubility:

1. Nano-sized Drug Particles: Reducing the drug particle size to the nanoscale increases the surface area available for dissolution. Nanosizing can be achieved through techniques like high-pressure homogenization, wet milling, or precipitation methods.

2. Nanocrystals are sub-micron-sized drug particles with improved solubility and dissolution rates. They can be stabilized using surfactants or polymers to prevent particle aggregation.

3. Nanoemulsions are oil-in-water or water-in-oil emulsions with droplet sizes in the nanometer range. They can solubilize lipophilic drugs and improve their bioavailability.

4. Micelles and Nanomicelles: Micelles are self-assembled nanostructures formed by amphiphilic molecules. They can solubilize hydrophobic drugs in their core, enhancing drug stability and solubility.

5. Lipid-based Nanocarriers: Lipid-based nanocarriers, such as liposomes and solid lipid nanoparticles (SLNs), can encapsulate lipophilic drugs within their lipid bilayers or matrices, improving drug solubility and stability.

6. Polymeric Nanoparticles: Nanoparticles made from biodegradable polymers can entrap hydrophobic drugs in their matrix, enhancing drug solubility and facilitating sustained release.

7. Cyclodextrin Complexation: Cyclodextrins are cyclic oligosaccharides that can form inclusion complexes with hydrophobic drug molecules, improving their solubility and dissolution rates.

8. Nano-suspensions: In a nano-suspension, drug particles are suspended in an aqueous medium using stabilizers. This approach maintains drug particle size in the nanometer range, enhancing solubility.

9. Amorphous Solid Dispersions: Nanotechnology can be used to prepare amorphous solid dispersions, where drug molecules are dispersed in a polymer matrix at the nanoscale, leading to increased drug solubility.

10. Spray Drying and Freeze Drying: These techniques can produce nanoparticulate formulations with improved drug solubility through rapid evaporation of solvents or cryoprotective agents.

By using nanotechnology-based approaches, drug developers can enhance drug solubility, improve drug delivery to target sites, and ultimately enhance the therapeutic efficacy of poorly water-soluble drugs.
Let us now discuss about the various pharmaceutical applications of each one in brief and the available drug products existing in market till date.

Nano-sized drug particles like nanosuspensions, nanocrystals, lipid based nanocarriers, polymeric nanoparticles, nanoemulsions and amorphous solid dispersions.
Nanosuspensions are formulations in which nano-scaled drug particles are suspended in an appropriate liquid medium by using stabilizers as excipients. Examples of nanosuspensions are Itraconazole (anti-fungal agent) nanosuspension and Naproxen (a NSAID) formulated as nanosuspension to improve its solubility and oral bioavailability.
Nanocrystals are nanoscale pure drug particles stabilized by polymers or surfactants. Examples include a hormone Danazol to enhance its bioavailability by solubility improvement and Nimodipine nanocrystals, a drug used to prevent brain damage due to calcium channel blocking activity, to make it more bioavailable orally.

Lipid-based Nanocarriers are lipid bilayers formed into spherical vesicles used to encapsulate Doxorubicin and Amphotericin B in cancer and anti-fungal treatment. Other variant is solid lipid nanoparticles used to incorporate lipid soluble drugs like curcumin for its wide range of therapeutic benefits.

Polymeric Nanoparticles PLGA nanoparticles are basically used for controlled release applications and also for improved bioavailability of Paclitaxel as anti-cancer drug. Amphiphilic block polymers called polymeric micelles find application as carrier for hydrophobic drugs like Docetaxel.

Nano emulsion of Cyclosporin A could be formulated for enhanced oral bioavailability as immunosuppressor in autoimmune and organ transplant.

Amorphous solid dispersion is a molecular dispersion in a polymer matrix thereby increasing the solubility hence dissolution rate of poorly water-soluble drugs like Ritonavir and Ibrutinib used in HIV and anti-cancer treatment respectively.    
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We have made an effort to describe only a few applications of nanotechnology in solubility enhancement and improvement of oral bioavailability but, nanotechnology holds much more avenues that are waiting to be explored by formulation and physical scientists world over.
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