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Drugs are rarely administered alone as pure chemical substances; they are always given as formulated preparations which can vary from simple solutions to complex drug delivery systems using appropriate additives or excipients. These excipients provide varied and specialized pharmaceutical functions. It is the only formulation additives that can solubilize, suspend, thicken, preserve, emulsify, modify dissolution rate, improve the compactability and flavour drug substances to form various dosage forms. Each type of dosage form is unique in its physical and pharmaceutical characteristics. 
The proper design and formulation of a dosage form requires 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 dosage form that is efficacious, attractive, easy to administer, stable and safe. Then, various initial formulations of the product are developed and examined for desired features (e.g., drug release profile, bioavailability, clinical effectiveness) and for pilot plant studies and production scale-up. The formulation that best meets the goals for the product is selected to be its master formula. Each batch of product subsequently prepared must meet the specifications established in the master formula. There are many different dosage forms to which a medicinal agent may be placed for the convenient and efficacious treatment of disease.
The Need for Dosage Forms: The potent nature and low dosage of most of the drugs in use today precludes any expectation that the general public could safely obtain the appropriate dose of a drug from the bulk material. As most drug substances are administered in milligram quantities, much too small to be weighed. .Besides providing the mechanism for the safe and convenient delivery of accurate dose, dosage forms are needed for additional reasons like
· To protect the drug substance from the destructive influence of gastric acid after oral administration (enteric-coated tablets) 

· To conceal the bitter, salty, or offensive taste or odor of a drug substance (capsules, coated tablets, flavored syrups)

· To provide liquid preparations of substances that are either insoluble or unstable in the desired vehicle (suspensions) 

· To provide clear liquid dosage forms of substances (syrups, solutions) 

· To provide rate-controlled drug action (various controlled-release tablets, capsules, and suspensions) 

· To provide optimal drug action from topical administration sites (ointments, creams, transdermal patches, and ophthalmic, ear, and nasal preparations) 

· To provide for insertion of a drug into one of the body’s orifices (rectal or vaginal suppositories) 

· To provide for placement of drugs directly in the bloodstream or body tissues (injections) 

· To provide for optimal drug action through inhalation therapy (inhalants and inhalation aerosols)

The principal objective of dosage form design is to achieve a predictable therapeutic response to a drug included in a formulation which is capable of large-scale manufacture with reproducible product quality. To ensure product quality, numerous features are required: chemical and physical stability, with suitable preservation against microbial contamination if required, uniformity of dose of drug, acceptability to users, including both prescriber and patient, as well as suitable packaging and labeling. Ideally, dosage forms should also be independent of patient-to-patient variation, although in practice, It is very difficult to achieve. However, recent developments are beginning to accommodate this requirement. These include drug delivery systems that rely on the specific metabolic activity of individual patients and implants that respond, for example, to externally applied sound or magnetic fields to trigger a drug delivery function.
Consideration should be given to differences in the bioavailability of drugs and their bio-fate in patients between apparently similar formulations and possible causative reasons. In recent years, increasing attention has therefore been directed towards eliminating variation in bioavailability characteristics, particularly for medicinal products containing an equivalent dose of a drug substance, as it is recognized that formulation factors can influence their therapeutic performance. To optimize the bioavailability of drug substances, it is often necessary to carefully select the most appropriate chemical form of the drug. For example, such selection should address solubility requirements, drug particle size and physical form and consider appropriate additives and manufacturing aids coupled to selecting the most appropriate administration route(s) and dosage form(s). Additionally, suitable manufacturing processes, labelling and packaging are required.
There are numerous dosage forms into which a drug substance can be incorporated for the convenient and efficacious treatment of a disease. Dosage forms can be designed for administration by alternative delivery routes to maximize therapeutic response. Preparations can be taken orally or injected, as well as being applied to the skin or inhaled, and Table 1.1 lists the range of dosage forms which can be used to deliver drugs by the various administration routes. However, it is necessary to relate the drug substance to the clinical indication being treated before the correct combination of drug and dosage form can be made, since each disease or illness often requires a specific type of drug therapy. In addition, factors governing choice of administration route and the specific requirements of that route which affect drug absorption need to be taken into account when designing dosage forms.
Table1.1 Dosage forms available for different administration routes
	Route of administration
	Dosage forms

	Oral
	Powders, tablets, capsules, solutions, emulsions, syrups, elixirs, magmas, gels, cachets, pills.

	Parenteral
	Solutions, suspensions, emulsions.

	Transdermal
	Ointments, creams, powders, pastes, lotions, plaster

	Rectal
	Suppositories, tablets, ointments, creams, douches, foams.

	Urethral
	suppositories

	Sublingual
	Lozenges, tablets

	Intranasal
	Solutions, sprays, inhalations.

	Conjunctival
	Ointments

	Intra-ocular
	Solutions

	Intra-respiratory
	Aerosols


Many drugs are formulated into several dosage forms of varying strengths, each having selected pharmaceutical characteristics which are suitable for a specific application. One such drug is the glucocorticoid prednisolone used in the suppression of inflammatory and allergic disorders. Through the use of different chemical forms and formulation additives, a range of effective anti-inflammatory preparations is available, including tablet, enteric-coated tablet, injections, eye drops and enema. The extremely low aqueous solubility of the base prednisolone and acetate salt makes these forms useful in tablet and slowly absorbed intramuscular suspension injection forms, whilst the soluble sodium phosphate salt enables a soluble tablet form and solutions for eye and ear drops, enema and intravenous injection to be prepared. 
Many new drugs based on low molecular weight organic compounds continue to be discovered and transformed into medicinal products, the development of drugs from biotechnology is increasing and the importance of these therapeutic agents is growing. Such active compounds are macromolecular and of relatively large molecular weight, and these include materials such as peptides, proteins and viral components. These drug substances present different and complex challenges in their formulation and processing into dosage forms due to their alternative biological, chemical and structural properties.  At present, these therapeutic agents are principally formulated into parenteral and respiratory dosage forms although other routes of administration are being considered and researched. Delivery of these biotechnologically-based drug substances via these routes of administration imposes additional constraints upon the selection of appropriate formulation excipients.

Before a drug substance can be successfully formulated into a dosage form, many factors must be considered. These can be broadly grouped into three categories:

1. Biopharmaceutical considerations, including factors affecting the absorption of the drug substance from different administration routes

2. Drug factors, such as the physical and chemical properties of the drug substance

3. Therapeutic considerations, including consideration of the clinical indication to be treated and patient factors.

Biopharmaceutical aspects of dosage form design

Biopharmaceutics can be regarded as the study of the relationship between the physical, chemical and biological sciences applied to drugs, dosage forms and drug action. Clearly, understanding the principles of this subject is important in dosage form design, particularly with regard to drug absorption, as well as drug distribution, metabolism and excretion i.e ADME. In general, a drug substance must be in solution before it can be absorbed via absorbing membranes and epithelia of the skin. Drugs are absorbed in two general ways: by passive diffusion and by carrier mediated transport mechanisms. Majority of drugs absorbed in the body by passive diffusion. Passive diffusion is driven by the concentration gradient existing across the cellular barrier, with drug molecules passing from regions of high to low concentration. Lipid solubility and degree of ionization of the drug at the absorbing site influence the rate of diffusion. 
When the dosage form is designed to deliver drugs via the buccal, respiratory, rectal, intramuscular or subcutaneous routes, the drug passes directly into the circulation blood from absorbing tissues, whilst the intravenous route provides the most direct route of all. When delivered by the oral route, onset of drug action will be delayed because of required transit time in the gastrointestinal tract prior to absorption, the absorption process and factors associated with enterohepatic blood circulation. The physical form of the oral dosage form will also influence absorption rate and onset of action, with solutions acting faster than suspensions, which in turn generally act faster than capsules and tablets. Dosage forms can thus be listed in order of time of onset of therapeutic effect (see Table 1.2). However, all drugs irrespective of their delivery route remain foreign substances to the human body and distribution, metabolic and elimination processes commence immediately following drug absorption until the drug is eliminated from the body via the urine, faeces, saliva, skin or lungs in unchanged or metabolized form.

Table 1.2 Variation in time of onset of action for different dosage forms
	Time of onset of actions
	Dosage Forms

	Seconds
	Intravenous injections

	Minutes
	Intramuscular and subcutaneous injections, buccal tablets, aerosols, gases

	Minutes to hour
	Short-term depot injections, solutions, suspensions, powders, granules, capsules, tablets, modified-release tablets

	Several Hours
	Enteric-coated formulations

	Days to weeks
	Implants, Depot Injection


Routes of Drug Administration

The absorption pattern of drugs varies considerably between individual drug substances as well as between the different administration routes. Dosage forms are designed to provide the drug in a suitable form for absorption from each selected route of administration. 

 Routes of drug administration can be divided broadly into two categories: local and systemic which can be further sub categorized as Figure 1.3

Figure1.3: Routes of Administration

[image: image1.png]B2
I e p

=




Enteral Route This route includes oral and rectal. 
Oral route

The oral route is the most frequently used route for drug administration. Oral dosage forms are intended usually for systemic effects resulting from drug absorption through the various epithelia and mucosa of the gastrointestinal tract. A few drugs, however, are intended to dissolve in the mouth for rapid absorption or for local effect in the tract due to poor absorption by this route or low aqueous solubility. Compared with other routes, the oral route is the simplest, most convenient and safest means of drug administration. However, disadvantages include relatively slow onset of action, possibilities of irregular absorption and destruction of certain drugs by the enzymes and secretions of the gastrointestinal tract. For example, insulin-containing preparations are inactivated by the action of stomach fluids.

 Gastric emptying time is an important factor for effective drug absorption from the intestine. Slow gastric emptying can be detrimental to drugs inactivated by the gastric juices and can delay absorption of drugs more effectively absorbed from the intestine. In addition, since environmental pH can influence the ionization and lipid solubility of drugs, the pH change occurring along the gastrointestinal tract, from a pH as low as 1.2 in the stomach to approximately 7 or 8 in the large intestine, is important to both the degree and site of drug absorption. Since membranes are more permeable to unionized rather than ionized forms and since most drugs are weak acids or bases, it can be shown that weak acids, being largely unionized, are well absorbed from the stomach. In the small intestine (pH from around 4 to 6.5), with its extremely large absorbing surface, both weak acids and weak bases are well absorbed.

The most popular oral dosage forms are tablets, capsules, suspensions, solutions and emulsions. 
Parenteral Route 
This is route of drug administration other than the enteral route. It includes drugs administered by injection, inhalation, and transdermal route. It has advantages like rapid onset, thus can be used in emergency; also, it can be used in uncooperative patients and patients with vomiting/diarrhea. This route is suitable for irritant drugs, drugs with high first-pass metabolism, orally nonabsorbable drugs, and medication destroyed by digestive juices.

Injection

On the basis where the drug is injected there are various route like Intradermal when Drug is injected into dermal layer of skin, Sub Cutaneous when Drug is injected into Sub Cutaneous tissue, Intramuscular when Drug is injected into large muscles, deltoid, gluteus maximum, Intravenous when there is a direct injection of drug into vein. Drug can be given as bolus administration as well as slow IV infusion. Bolus administration is single, large dose rapidly/slowly injected as single unit, whereas slow IV injection involves addition of drug into a bottle containing dextrose/saline, Intra-articular when Drug is injected into joint space

Sublingual
In this Dosage form is kept under the tongue or crushed and applied to buccal mucosa. Drug is absorbed into veins surrounding oral mucosa from which it reaches systemic circulation. The major advantage of this route is that drugs with high first-pass liver metabolism are readily available in systemic circulation when given by this route.

Inhalation

Volatile liquids and gases are administered by this route Inhaled drug is absorbed through vast surface of alveoli hence action is rapid.
Transdermal Route
In this route drugs reaches in systemic circulation across the skin.  Patches deliver the drugs. Patches have multilayer like backing film, drug reservoir, rate controlling membrane, and adhesive layer with priming dose.
Physicochemical Factors of Drugs

Drug solubility and dissolution rate

(i) Particle size and effective surface area

(ii) Polymorphism and amorphism

(iii) Pseudopolymorphism (hydrates / solvates)

(iv) Salt form of the drug

(v) Lipophilicity of the drug 

(vi) pKa of the drug and pH  

(vii) Drug stability

1. Drug solubility and dissolution rate


Orally administered solid dosage form are first disintegrated or deaggregated, then the solid particles are dissolved; drugs in solution then permeate across biomembrane to be absorbed in the body.
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Two critical processes in the absorption of orally administered drugs are:


1. Rate of dissolution, and


2. Rate of drug permeation through the biomembrane (i.e. gastrointestinal membrane)

· For poorly water-soluble drugs rate of dissolution is the rate determining step hence the absorption is called to be dissolution rate limited. e.g. griseofulvin, spironolactone.
· For highly water-soluble drugs dissolution is rapid so the rate determining step is permeation hence, the absorption is called to be permeation rate limited. e.g., cromlyn sodium, neomycin sulfate etc.
2. Particle size and effective surface area of the drug particles.

From Noyes-Whitney’s equation of dissolution:




where,
D
= diffusion coefficient or diffusivity of the drug molecule


A
= surface area of the dissolving solid exposed to the dissolution medium


KO/W
= water/oil partition coefficient of the drug


V
= volume of dissolution medium


h
= thickness of the stagnant layer


Cs – CB = concentration gradient of the diffusing drug molecule.

From this equation it can be concluded that the greater the surface area, A, faster the distribution.

When the particle size of a certain mass of a drug is reduced the surface area is increased, hence, if particle size is reduced dissolution rate increases.

Two types of surface area can be defined:

1. Absolute surface area: Which is the total area of solid surface of any particle, and

2. Effective surface area: Which is the area of solid surface exposed to the dissolution medium.

e.g. 
Micronization of poorly water soluble drugs like griseofulvin, chloramphenicol and several 
salts of 
tetracycline results in superior dissolution rates.

However, size reduction has some limitation. In case of hydrophobic drugs like aspirin, phenacetin and phenobarbital micronization actually results in a decrease in effective surface area due to the following reasons.

(i) The hydrophobic surface of the drugs absorb air onto their surface which inhibit their wettability, such powders float on the dissolution medium. 

(ii) The particle reaggregate to form larger particles due to their high surface free energy.

(iii) Extreme particle size reduction may impart surface charges that may prevent wetting; moreover electrically induced agglomeration may prevent intimate contact of the drug with the dissolution medium.

3. Polymorphism and amorphism


Depending on the internal structure, a solid can exist either in a crystalline or amorphous form.

· When, a substance exists in more than one crystalline form, the different forms are designated as polymorphs and the phenomenon as polymorphism. 

Various polymorphs can be prepared by crystallizing the drug from different solvents under diverse conditions. Depending on their relative stability, one of the several polymorphic forms will be physically more stable than the others. Such a stable polymorph represents the lowest energy state, has highest melting point and least aqueous solubility. The remaining polymorphs are called metastable forms which represents higher energy state, the metastable forms have a thermodynamic tendency to convert to the stable form. A metastable form cannot be called unstable because if it is kept dry, it will remain stable for years.

· So the metastable forms have higher aqueous solubility and hence higher bioavailability than the stable polymorphs.

e.g. Chloramphenicol palmitate has three polymorphs A, B and C. The B -form shows best bioavailability and A form is virtually inactive biologically.

e.g. Polymorphic form-III of riboflavin is 20 times more water soluble than the form-I.

· Due to aging of dosage forms containing metastable forms of the drug results in the formation of less soluble, stable polymorph.

e.g. more soluble crystalline form-III of cortisone acetate converts to less soluble form-V in an aqueous suspension resulting in caking of solid.

Amorphous form (i.e. having no internal structure)


Such drugs represents the highest energy state and can be considered as supercooled liquids. They have greater aqueous solubility than their crystalline form.

e.g. the amorphous form of the novobiocin is 10 times more soluble than the crystalline form.

Thus the order for dissolution of different solid forms of drug is amorphous > metastable > stable.

4. Pseudopolymorphism (Hydrates / Solvates)


During crystallization process the solvent molecules may be incorporated into the crystal lattice of the solid in stoichiometric proportion – these type of crystals are called solvates; and the trapped solvent molecules as solvent of crystallization.

The solvates again can remain in different polymorphic states, called as pseudopolymorphs. The phenomenon is called as pesudopolymorphism.

When the solvent with the drug is water, the solvate is known as hydrate. 

Effect of absorption:

· Generally, the anhydrous form of a drug has greater solubility than the hydrates. This is because the hydrates are already in equilibrium with water and therefore have less demand for water.

e.g. anhydrous form of theophyline and ampicillin have higher aqueous solubilities, dissolve at faster rate and show better bioavailability in comparison to their monohydrates and trihydrate forms respectively.

· On the other hand nonaqueous solvates have greater aqueous solubility than the nonsolvates.

e.g. n-pentanol solvate of fludricortisone and succinyl sulfathiazole and the chloroform solvates of griseofulvin are more water soluble than their non-solvate forms.

5. Salt form of the drug


Most drugs are either weak acids or weak bases. One of the easiest approach to enhance the solubility and dissolution rate of such drugs is to convert them into their salt forms.

· Weak acid HA is more soluble in basic pH and weak base B is more soluble in acidic pH by the formation of salt.

· Some time in-situ salt formation can be utilized, e.g. certain drugs like aspirin and penicillin are prepared as buffered alkaline tablets. When the tablets are put into water the pH of the microenvironment of the drug is increased which promotes the dissolution rate. So buffered aspirin tablets have two advantages

(i) the gastric irritation and ulcerogenic tendency of the drug is greatly reduced and,

(ii) in dry form the hydrolytic stability is better.

(iii) bioavailability is increased by increasing the dissolution.

· Size of counter ion

Smaller the size of the counter ion (of the salt form of a drug) greater the solubility of the salt. e.g. bioavailability of novobiocin from its sodium salt, calcium salt and free acid forms are in the following ratio:


Novobiocin Na

Novobiocin Ca

Novobiocin free acid


          50

         

 20


   1

· Ionic strength of the counter ion

When the counter ion is very large in size and/or has poor ionic strength (as in the case of ester form of the drugs), the solubility may be much lower than the free drug itself.

e.g. pamoates, stearates and palmitates of weak bases having poor aqueous solubility:


prolong the duration of action

– e.g. steroidal salts


overcome bad taste


– e.g. chloramphenicol


overcome GI-instability

– e.g. erythromycin estolate

decrease the side effects, local or systemic.

6. pKa of the drug and pH
· Drug pKa and lipophilicity and GI pH (pH partition theory)

The pH partition theory (Brodie et.al.) states that for drug compounds of molecular weight greater than 100, which are primarily transported across the biomembrane by passive diffusion. The process of absorption is governed by 

1. dissociation constant (Ka) of the drug

2. lipid solubility of the unionized drug (Ko/w)

3. the pH at the absorption site

The above statement of the hypothesis was based on the assumptions that:

1. The GIT is simple lipoidal barrier to the transport of drug.

2. Larger the fraction of unionized drug, faster the absorption.

3. Greater the lipophilicity (Ko/w) of the unionized drug, better the absorption.

Handerson-Hasselbach equation

The amount of drug that exists in unionized form is a function of dissociation constant (pKa) of the drug and pH of the fluid at the absorption site.

Handerson-Hasselbach equation




	for weak acid:
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	Drugs
	pKa
	pH at the site of absorption

	Very weak bases 

Theophyline

Caffeine

Oxazepam

Diazepam
	(pKa < 5.0)
0.7

0.8

1.7

3.7
	Unionized at all pH values: absorbed along the entire length of GIT.

	Moderately weak bases
Reserpine

Heroin

Codeine

Amitriptyline
	(5 < pKa < 11)
6.6

7.8

8.2

9.4
	Ionized at gastric pH, relatively unionized at intestinal pH better absorbed from intestine.

	Stronger base 
Mecamylamine

Guanethidine
	(pKa > 11.0)
11.2

11.7
	Ionized at all pH values: poorly absorbed form GIT.


It is the pKa of the drug that determines the degree of ionization at a particular pH and that only the unionized drug, if sufficiently lipid soluble, is absorbed into the systemic circulation.

Ideally, for optimum absorption, a drug should have sufficient aqueous solubility to dissolve in the fluids at the absorption site and lipid solubility (Ko/w) in the lipoidal biomembrane and into the systemic circulation. In other words, a perfect hydrophilic-lipophilic balance (HLB) should be there in the structure of the drug for optimum bioavailability.

The age of the intended patient also plays a role in dosage form design. For infants and children younger than 5 years of age, pharmaceutical liquids rather than solid forms are preferred for oral administration. These liquids, which are flavored aqueous solutions, syrups, or suspensions, are usually administered directly into the infants or childs mouth by drop, spoon, or oral dispenser (Fig. 4.2) or incorporated into the childs food. A single liquid pediatric preparation may be used for infants and children of all ages, with the dose of the drug varied by the volume administered. 
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After reading this chapter, the student will be able to: 


1. Answer the reasons for the incorporation of Active Pharmaceutical Ingredients into various dosage forms 


2. Compare the advantages/disadvantages of various drug dosage forms 


3. Describe the information required in preformulation studies to characterize a drug substance that needs to be  added into a dosage form 


4. Describe the use of various pharmaceutical excipients.
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