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Preface


The book, Industrial Pharmacy- I, has been prepared as per the syllabus framed by the Pharmacy Council of India for B. Pharmacy 5th semester. The syllabus has been divided into 10 chapters– Preformulation studies, Tablet, Capsules, Pellets, Liquid orals, Aerosol products, Cosmetics, Parenteral Products, Ophthalmic products, Packaging Material Sciences, covering the syllabus. The book has been prepared with simple languages so that the students can understand the concept and contents properly. Each topic has been clearly explained. However, there are certain topics which are not included in the syllabus but useful and relevant to the topic. The author realizes that without these topics it would be difficult for the readers to understand the topic clearly.


The author has taken necessary actions to make the book error free, still the author would remain thankful to one if he or she finds any mistake. The mistake pointed out shall be rectified with due acknowledgement.


The course would make the students to understand the applications and influence of pharmaceutical additives used in different pharmaceutical dosage forms.


The objectives of this book are:


• To provide information about the various pharmaceutical dosage form and their manufacturing methods.


• To provide various considerations in development of pharmaceutical dosage forms, and


• To provide information about formulation of solid, liquid and semisolid dosage forms and how to evaluate their quality.
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Chapter 1


Preformulation Studies





➣ Introduction to Preformulation


➣ Goals and Objectives


➣ Study of Physicochemical Characteristics of Drug Substances


➣ Physical Properties (Physical Form: Crystal &Amorphous)


➣ Crystalline


➣ Particle size, shape


➣ Flow properties


➣ Solubility Profile (pKa, pH, Partition Coefficient)


➣ Polymorphism (Polymorphism and Crystal Properties)


➣ Chemical Properties (Hydrolysis, Oxidation, Reduction, Racemisation and Polymerization)


➣ BCS Classification of Drugs, its Significant


➣ Application of PreformulationConsiderations in the Development of Solid, Liquid Oral and Parenteral Dosage Forms and its Impact on Stability of Dosage Forms.





Introduction to Preformulation


The main objective of preformulation studies is to generate useful information for developing a stable, bioavailable and therapeutically effective formulation that can be manufactured in large scale.
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Fig. 1.1Disciplines involved in dosage form design of a new drug




Development of a suitable dosage form of a new drug substance involves investigation by several departments or disciplines. The ultimate outcome of the entire program can only bring about a suitable dosage form. Figure 1.1 presents the names of disciplines involved in this activity. The development of a suitable dosage form of a new drug depends on certain information about the drug molecule. For example, once a new molecule of therapeutic interest is synthesized, it is first subjected to biological screening. When it passes the test, it is sent for clinical trials. To begin this test some basic information about the physicochemical properties of the drug molecule are necessary like chemical structure, molecular formula, molecular weight, solubility, salt forms, approximate dose, interaction with common excipients, etc. These information are generated during preformulation studies.


Hence, preformulation studies may be defined as testing of physical and chemical properties of a drug substance alone and in combination with excipients proposed to be used in formulation.


Goals and Objectives


In science the discovery of a new drug entity is a huge work and it becomes really more important when it passes the toxicity screening tests. It becomes a beneficial work. Finally, the effect of the new chemical entity depends on its bioavailability after administration through an appropriate route in appropriate form. For this reason, transformation a new chemical entity to a potential new drug is a challenge for the pharmaceutical scientist. In fact, conversion of a new drug to active pharmaceutical formulation itself is a challenge. Thus, the chemical, analytical, pharmacokinetic, and pharmacodynamic properties of a drug are to be thoroughly examined to design a safe, stable and therapeutically effective dosage form.


Preformulation study is a multidisciplinary approach and involves several aspects of pharmacology, toxicology, clinical pharmacy, biochemistry, medicinal chemistry, and analytical chemistry. Therefore, the primary objective of preformulation study is to lay down foundation for transforming a new drug entity into a pharmaceutical formulation so that the drug can be administered in a right way, in right amount, and at right target (site). The secondary objective of preformulation study is to provide longer stability to the developed formulation through proper designing and protecting the drug from environmental condition and to evaluate performance of the prepared formulation. To improve bioavailability and stability efforts are to be made to optimize a molecule inform of salts, solvates, polymorphs, and importantly prodrug.


Salts


About 50% of the drug molecules being marketed as drug products are available in salt form. Conversion of a molecule into its salt form is widely used approach and the performance of the molecule is also enhanced. This improvement can be achieved in the area such as:


• Performance due to enhanced solubility and bioavailability.


• Increased stability due to improved hydrolytic and thermal stability.


• Improved organoleptic properties due to masking of taste.


• Increased patient compliance due to reduced side effects.


• Modified release dosage form due to change in solubility.


Prodrug


On required chemical modification of the molecule, an inactive derivative of the active drug molecule called prodrug is formed. The prodrug has optimized properties and better in vitro performance. About 10% of the drug molecules available in the market are available as respective prodrug. The major purpose of preparing a prodrug is to improve the bioavailability by avoiding first-pass metabolism, to increase the rate of drug absorption, and organ selective transport. Therefore, prodrug can be defined as inactive form that undergoes biotransformation and is converted to active form to elicit its pharmacological effect. Development of a prodrug depends on specific property of the drug molecule that requires improvement and commonly with respect to stability and improved stability.


Recently the science has classified the drugs into following three categories;


• Cod drugs,


• Hard drugs, and


• Soft drugs


The cod drug consists of two pharmacologically active components complexed to form a single molecule, such as sulphasalazine, Levodopa-Entacapone.


Soft drugs are the modified derivatives with predetermined metabolism, so that after exerting therapeutic action for suitable time, its metabolite can be eliminated from the body. The primary intension to develop soft drug is to avoid toxicity associated with formed metabolites.


Hard drugs have the properties just opposite to the soft drugs. The modifications are made in such a way that its original properties are retained but not prone to chemical or biological transformation to avoid generation of metabolites or to increase the biological activity.


The preformulation studies are time bound program. The pharmaceutical industries carry out the preformulation studies on a new drug substance with the goals and objectives that can be divided into following categories –


(a) To find out the necessary physicochemical parameters of the new drug substance,


(b) To determine its kinetic rate profile,


(c) To determine its physical characteristics, and


(d) To assess its compatibility with common excipients.


In the correct viewpoint the following actions take place in an industry after discovery of a new drug entity till it is formulated as a stable product and finally marketed. In most cases, the investigational drug substance can never reach to the market place for one or more reasons as mentioned below:


1. The drug is synthesized and tested in a pharmacological screening test.


2. The drug shows satisfactory performance (result) for further study.


3. The quantity of the drug substance synthesized is so sufficient that


➣ Initial toxicity studies could be performed,


➣ Initial analytical tests could be performed,


➣ Other initial preformulation studies could be performed.


4. Once toxicity study is successfully over, the phase I (Clinical Pharmacological trial) begins and a need for actual formulations is found; although at this point the practical dose level for human beings is not yet determined.


5. Once the phase I clinical trial is found successful, the phase II and phase III clinical trials begin. During this period (preferably phase II) an order of magnitude formula is finalized.


6. After completion of the above, an NDA (New Drug Application) is submitted.


7. Once the NDA gets approval, the production begins for launching of the product.


Fundamental Properties of the molecule


When a molecule is synthesized or isolated from natural sources, the chemical name, chemical structure, molecular formula and molecular weight are known. These are fundamental properties and do not change. Similarly, the solvent used for crystallization and recrystallization become known.


If the technique or method of manufacture of the drug is changed, the solvent used for crystallization and recrystallization may also change. Hence, a molecule is taken or sent for its pharmacological and toxicological evaluation with the knowledge of these.


Study of Physicochemical Characteristics of Drug Substances


The Table 1 presents a list of tests to be carried out during preformulation studies on a new chemical entity (NCE) having therapeutic utility. Most of the new drugs are formulated as solid dosage forms, - tablets and capsules. In fact more than 60% of the marketed formulations are tablet dosage forms. Other dosage forms occupy only 40% or less. More than 45% are tablets and about 15% are capsules.




Table 1.1 List of preformulation tests carried out during preformulation studies
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Physical Properties


Physical form (Crystal & Amorphous)


The microscopic structure of a molecule is studied in the chemistry department after evaluation of fundamental properties. The microscopic structure depends on the method used to manufacture of the substance. Once the method of manufacturing is established the microscopic properties are examined. In fact, this is a property that plays important role in formulation development; because the internal structure and crystal habit (external or outer structure of a crystal shown in Fig. 1.2) can influence the physicochemical properties as well as stability of the compound. In some case the bioavailability of a drug changes with its solvate form; for example ampicillin. Physicochemical properties include flow property. Same compound may have different crystal habits. Depending on the method of crystallization, solvent used and temperature control, etc. different types of crystals are formed; for example prismatic, acicular (needle), bladed, tabular, sphere, spheroid, columnar, pyramidal, cubical, etc. Some of the crystal habits are shown here.
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Fig. 1.2Schematic diagram of some common crystalline structure




The features of crystalline and amorphous forms are given below:


1. Crystalline forms have fixed internal structure; while amorphous forms do not have fixed internal structure.


2. Stability of crystalline form is greater than that of its amorphous forms.


3. Solubility of crystalline solids is less than that of its amorphous solids.


4. On storage crystalline form has lesser tendency to change its form.


5. Thermodynamic energy of amorphous form is higher than its crystalline form.


Amorphous


The amorphous word has been derived from the Greek language; without shape). Non-crystalline solid is a solid that does not contain any long range order that is characteristic of a crystal. In some older books, the term has been used synonymously with glass. Currently, "glassy solid" or "amorphous solid" is being considered to be the concept, and glass is the more special case: Glass is an amorphous solid stabilized below its glass transition temperature. Polymers are frequently amorphous. Other types of amorphous solids are gels, thin films.


The internal structure of amorphous materials is made of interconnected structural blocks. These blocks can be similar to the fundamental structural units found in the equivalent crystalline phase of the same compound. Whether a material is a liquid or solid that depends primarily on the connectivity between its elementary building blocks and the solids can be characterized by a high degree of connectivity whereas structural blocks in liquids or fluids have lower connectivity.


In the pharmaceutical industry, amorphous drugs were shown to have higher bio-availability than their crystalline counterparts. This is due to the high solubility of amorphous powders. However, inside the body certain compounds can undergo precipitation in their amorphous form. They can decrease each other's bio-availability if administered together.


Amorphous materials are used for making thin films. The films contain layers of solid matters may be deposited on a solid surface; the thickness of the film varies from nanometers to micrometer. In general, the amorphous solids have two characteristic properties: When cleaved or broken, they produce fragments with irregular, often curved surfaces; when exposed to x-rays their structural patterns are poorly defined because their constituents are not arranged in a regular range. A glass is translucent, amorphous solid. Most of the substances can solidify in amorphous form if the liquid phase (solvent) is cooled rapidly enough. However, some solids are intrinsically amorphous, because either their components fail to fit together well enough to form a stable crystalline lattice or the impurities present disrupt the lattice. For example, the basic structural units of a quartz crystal and quartz glass have same chemical composition; the former is crystalline while latter is amorphous. Both contain SiO2 and both consist of linked SiO4 tetrahedral – the arrangements of the atoms in space are different. Crystalline quartz contains a highly ordered arrangement of silicon and oxygen atoms, but in quartz glass the atoms are randomly arranged. When molten SiO2 is melted and cooled relatively rapidly, amorphous glass is obtained while the same is cooled very slowly crystalline arrangement takes place. Similarly, aluminium may be crystalline or amorphous depending on the cooling rate of molten aluminium.


The amorphous phases are produced for particular purposes; for example, studying of growth of thin film. The growth of polycrystalline films is sometimes used and led to an initial amorphous layer; the thickness of the film may be few nm. Wedge-shaped polycrystals are identified by transmission electron microscopy. This can grow out of the amorphous phase only after growth of certain thickness; the exact value depends on deposition temperature, background pressure and various other process parameters.


Crystalline


The word crystal has been derived from the ancient Greek word krustallos meaning both ice and rock crystal. For example, snowflakes, diamonds, and table salt are large crystals. Most of the inorganic solids are not crystals but polycrystals. A crystal or crystalline solid can be defined as a solid material whose constituents such as atoms, molecules, or ions are arranged are arranged in a highly ordered microscopic structure, forming a crystal lattice that extends in all directions. In addition, macroscopic single crystals are usually identifiable by their geometrical shape consisting of flat faces with specific, characteristic orientations. The scientific study of crystals and crystal formation is known as crystallography. The process of crystal formation via mechanisms of crystal growth is called crystallization or solidification. Many microscopic crystals when fuse together form a large crystal; for example, metals, rocks, ceramics, and ice. All the solids are not crystals. The crystals have periodic order even when examined microscopically. The crystals and amorphous solids are distinctly different. For example, the process of formation of a glass does not release the latent heat of fusion, but form a crystal. A crystal structure is characterized by its unit cell, a small imaginary box containing one or more atoms in a specific spatial arrangement. The unit cells are stacked in three dimensional spaces to form the crystal. The symmetry of a crystal is constrained by the requirement that the unit cells stack perfectly with no gaps. There are about 219 possible crystal symmetries, called crystallographic space groups.
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Fig. 1.3 Morphological structure of some crystals




Particle Size, Shape


Particle size distribution and shape can influence various physical as well as biopharmaceutical properties of a drug substance. For example,


• The difference among sizes of powder particles of a drug and other excipients in a mixture can cause mutual sieving (demixing) affecting the homogeneity of the powder mix (uniformity of content).


• If the powders are too fine, the particles become sticky and their flowability may decrease (physical property).


• Size distribution and the shape of the powders can influence the flow and mixing efficiency. Bioavailability of certain drugs, e.g., griseofulvin, phenacetin, etc. depends directly on the particle size distribution.


Usually the absorption of poorly soluble drug is dissolution rate limited. Thus, the absorption of such drugs can be improved by decreasing their particle size (Biopharmaceutical property). The stability of a powder drug depends on the particle size. Due to large surface area fine powders are more susceptible to atmospheric oxygen, moisture, light, heat and other interacting materials than coarse powders.


In general, for most formulations the optimum particle size range is 10-30 µm. If the particles are more than 100µm in size, grinding is required. Otherwise grinding should be avoided; because grinding develops a static electricity, which subsequently develops a tendency to aggregation; as a result apparent hydrophobicity is produced. Grinding damages the solvates and causes polymeric transformation of the substance. Moreover, handling of fines is also difficult. When a drug is administered orally as its solid dosage form, various processes are involved to complete the absorption of the drug. Fig. 1.4 shows these sequential processes of absorption.
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Fig. 1.4 Sequemce of steps involed in absorption of drug from orally administered solid dossage form






There are various methods for determination of particle size and each method has certain advantages as well as limitations with respect to minimum size of the particle, accuracy and ease of operation of the instrument. The Table 1.2 provides some common methods and measurable particle size range.






Table 1.2 Methods of particle size measurement






	Method

	Particle size range (µm)





	Light scattering

	0.5 – 50





	Permeability

	More than 1





	Sedimentation

	More than 1





	Centrifugal

	Less than 50





	Elutriation

	1 – 50





	Sieving

	More than 50





	Microscopic

	1 - 100













Microscopy, although tedious, is useful for determining both size and shape of the particles. The flow property, surface area, packing and compaction characteristics of powders depend on the shape of the particles. A sphere has minimum surface area per unit volume.






Density


Density is the weight of a material of unit volume (i.e., weight/volume). It is expressed as g/cc3 or lb/ft3. The powders may be porous, nonporous, hydrophilic, and hydrophobic. Density of powders may be determined as true, bulk, tapped density. True or absolute density of powders may be determined after degassing it under vacuum) of a weighed amount. The powders are filled in a container (pycnometer/specific gravity bottle) of known volume. The container is then filled with a liquid that can wet but does not dissolve the powders. By doing so the void spaces around the porous powders are removed and the volume of the packed particles is noted. Thus, the true density of powders, ρt can be calculated as;
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Where W is the weight of the powder (g),


Vc is the volume of the container = volume of powder + volume of liquid


Vp is the volume of liquid in the container,




Hence, the volume of powder in the container = Vc – Vp (ml or cc3).


This is a traditional method. The density of powders is accurately determined by gas (helium) replacement method.


The information about true density and bulk density of a drug sometimes become very useful for developing a formulation. For example, while developing a suspension formulation, the true density of the dispersed solids helps to design the suspending medium to control the sedimentation. Similarly, to select the capsule size the knowledge about the bulk density of the powders is necessary. The bulk density of the granules helps to select punch size for compression as the dose of the drug is fixed and particularly when the dose size is high.


Bulk density of powders depends on the method of crystallization, milling or method of manufacture of the drug. As the bulk density can be changed either by compaction or by milling, this problem can be solved satisfactorily. Many active pharmaceutical ingredients are porous and hydrophobic. Determination of their density is not easy. It requires special instrument for accurate results. Alternatively, it is determined by suspending the powders in an immiscible solvent of known densities. Each solvent should contain small amount of suitable surfactant, so that the powders are properly wetted. The suspension is shaken vigorously, then mildly centrifuged and kept undisturbed until the powders either float or settle. The medium in which the powders float or suspend freely will have the density equal to that of powders. The density of the medium should be determined using a standard pycnometer. It is better to determine the density of the medium after removal of dispersed phase by filtration, as the medium may contain some dissolved solid which can contribute to the density of the medium.


Bulk density, alternatively called as tapped density, can be measured by tapping a known amount of powder taken in a cylinder using a tap density apparatus. The number of tapping may be done up to about 1000. The volume of the powder after tapping is recorded. The ratio of weight to volume will give the density.


Flow Properties


For manufacture of solid dosage forms, like tablets, capsules, powders, the drug powder need to flow smoothly. Hence, flowability is an important property of the drug powder and should be evaluated during preformulation studies. Flow property of the powders depends on particle size, shape, density, electrostatic charge and adsorbed moisture. During  processing or formulation these properties may change leading to change in flowability. If preformulation study indicates poor flowability of the drug, necessary excipients can be mixed with the drug to improve its flow property. Flow property of powders can be improved by granulating and/or by mixing with a suitable lubricant. The powders or granules should have good flowability to ensure efficient powder mixing and to compress the tablets with acceptable uniformity of weight.


There are various methods to study powder flow4; for example angle of repose, flow through an orifice, shear cell, compressibility index, etc.; but none can measure all the parameters of powder flow. For example, angle of repose, very widely used, does not have good sensitivity. The angle of repose can be measured by various methods and a static angle of a heap of powders is calculated. The value of the angle depends on the method used; the value varies from 25o to 45o.


Carr’s compressibility index is a simple test to evaluate flowability of a powder. I this method the tapped density or bulk density, ρt and fluff (poured or initial bulk density) density, ρo are compared and expressed in percent. ρo is obtained by simple pouring a known amount of powder into a cylinder and the volume is noted. The tapped density or bulk density is determined by tapping a cylinder filled with the powder. The tapped volume and mass are noted and used to calculate the tapped density, ρt. With these two values the Carr’s index (%) is calculated as below,
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The Table 1.3 shows the relationship between Carr’s index and flowability of powders with few examples.






Table 1.3Carr’s index (%) and flow property of pharmaceutical powders








	Carr’s index (%)

	Flowability

	Example





	5 - 15

	Excellent

	Emcompress





	12 - 16

	Good

	





	18 - 21

	Fair

	Lactose monohydrate





	23 - 35

	Poor

	Maize starch,





	33 - 38

	Very poor

	Dicalcium phosphate, dihydrate





	More than 40

	Very, very poor

	





	5–15

	1.05–1.18

	Excellent





	12–16

	1.14–1.20

	Good





	18–21

	1.22–1.26

	Fair





	23–35

	1.30–1.54

	Poor





	33–38

	1.50–1.61

	Very poor





	Greater than 40

	Greater than 1.67

	Extremely poor













When powders are poured over a flat, circular surface, the powders deposit in the form of a heap under the gravitational force as shown in the Fig 1.5. The angle between the free surface of the heap and horizontal surface is called as static angle of repose. This angle of repose is most commonly used to express flow characteristic of a powder. Most of the pharmaceutical powders or granules show angle of repose between 25o and 45oC. Lower is the angle of repose greater is the flowability.


Sometimes the angle of repose does not indicate flow property correctly. For example, sodium chloride, spray dried lactose having lower angle of repose fail to flow suitably through 6 mm orifice. Hence, the flow property of powders should be evaluated using more than one method.
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Fig. 1.5 Schematic diagram shwing how the angle of repose varies with the nature of powder




Solubility Profile


Whatever may be the route of administration, a drug must have some aqueous solubility for systemic absorption and pharmacological response. Drugs having aqueous solubility of less than 10 mg/ml show incomplete, erratic and/or slow absorption.


Usually a drug is either a weak acid or weak base. The solubility of a weakly acidic drug is more in alkaline medium and that of a weakly basic drug is more in acidic medium. In both cases the drug will dissociate with a measurable dissociation constant, pKa. Thus the solubility will change with change of pH. A drug which is either amorphous or zwitterions, will be soluble in both acidic and alkaline medium. A non-ionizable neutral drug will not show any change in its solubility due to change in pH. The fundamental solubility is the intrinsic solubility, Co. The solubility of a weakly acidic drug in acidic medium and that of a weakly basic drug in alkaline medium are called as intrinsic solubility, because this indicates the solubility of unionized drug only.


The solubility has a great influence on the therapeutic efficacy of a drug and its product. This must be considered during formulation development. When a solid drug is administered orally, the drug is to be dissolved in the gastrointestinal fluid first for its absorption. The rate and extent of absorption of the drug depends on its rate of dissolution in gastrointestinal fluid. The absorption of poorly soluble drugs is dissolution rate-limited. If 1g of a drug dissolves in 100ml of water, its absorption will not be affected by its dissolution. At the same time the drug in solution in gastrointestinal fluid must remain stable until it is absorbed. If a drug is very soluble in gastrointestinal fluid but not stable, the absorption of the drug will decrease. In any of the two situations, efforts should be made to modify the solubility of the drug and/or its stability in solution state at pH ranging from 1 to 8.


Determination of solubility


The solubility can be determined quantitatively as follows: At a particular temperature a definite volume of solvent is taken. To this the solute is added gradually in small amounts and the mixture is shaken vigorously after each addition. At each time sample (solution of drug) is withdrawn and analyzed to determine the concentration. The process is continued until the consecutive samples show same concentration and a small amount of solute remains undissolved.


In case of poorly soluble drugs, problem may occur during determination of solubility. While investigating the solubility of poorly soluble drugs it has been found that due to the presence of soluble impurities in the drug, the solubility may appear more than the actual. This can be overcome by using facilitated dissolution method developed by Higuchi et al. According to this method the drug is first dissolved in a water-immiscible solvent and then partitioned into water. The aqueous phase is then analyzed to determine the solubility.


The drugs which degrade in their solution state present difficulty in solubility determinations. A kinetic method has been proposed by Ohnishi and Tanabe. According to their proposal, the rate constants and orders of the reactions for degradation of the drugs (solutes) in the solutions or suspensions are determined (Fig. 1.6). The rate of overall degradation of the drug in the suspension can be expressed as:
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Fig. 1.6 pH – Solubility profile






Vs = Ʃkn [S]n


Where, Vs is the overall rate of degradation of the drug, n is the order of reaction, kn is the rate constant of the nth order reaction, and [S] is the concentration of the saturated solution of the drug. Among these Vs , kn and n are measurable quantities, and hence, [S] can be calculated.


Further, there are certain drugs whose metastable forms transform into more stable forms when come in contact with solvent. For determination of solubility of these drugs, determination of intrinsic dissolution rates should be used. According to Noyes-Nernst equation, the initial dissolution rates for both metastable and stable forms are proportional to the respective solubilities of the polymorphic forms and the proportionality constants for both the forms of a drug will be same. Hence, by determining the intrinsic dissolution rates of metastable and stable forms, and solubility of the stable form, the solubility of the metastable form of the drug can be calculated.


For biopharmaceutical classification equilibrium solubility of a substance is determined under the conditions of physiological pH and temperature. As per FDA, the test is to be conducted at 37 ±1oC in aqueous media within pH range of 1 – 7.5.


The bioequivalence test protocol prescribes one glass of water for oral administration of a dosage form to a human being. For this reason a drug is considered as the highest soluble, when its highest dose strength is completely soluble in 250 ml or less amount of aqueous media.


pKa


It has been mentioned earlier that most of the drugs are either weak acids or weak bases. Their dissolutions are very much dependent on pH. Hence,


Henderson-Hasselbach equation may be considered here:
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The above two equations can be utilized;


➣ To find out the solubility at a particular pH, if the intrinsic solubility and pka are known,


➣ To select a salt-forming compound with desired solubility – pH profile.


pH


If the drug substances are classified on the basis of their ionic character, less than 5% of the drugs are nonionic or amphoteric. While one fifth (20%) are weak acids and three-forth (75%) are weak bases. Hence, ionization and dissolution of about 95% of the drugs take place simultaneously. The degree of ionization as well as solubility of these drugs depends on the pH of the medium. At a particular pH the saturation solubility will be the sum of the maximum solubility of ionized and unionized form of the drug. This pH is called as pHmax, the pH of maximum solubility. The effect of pH on the solubility and stability of drugs is very much important for liquid dosage forms, which may be intended for oral, topical, parenteral or ophthalmic administration.


Thus, the total amount of a monoprotic weak acidic drug (HA) in solution at a particular pH will be the sum of HA (unionized form) and salt form (A–)
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If the drug (HA) is present in excess amount, the amount of the unionized drug will be the maximum and constant. With increase of pH the amount of HA will increase, because the extent of salt formation will be less as shown in the Fig. 1.3. The total amount of drug, ionized and unionized, present in solution at a particular pH can be determined by use of one of the two equations given below depending on whether the pH is less than pHmax or more than pHmax.


In case of an acidic drug the total solubility, ST, at a pH less than 
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Where


ST = total saturation solubility with respect to the drug (HA) and its salt form (A–),


(HA)s= saturation solubility of the unionized form of the drug,


(A-)s= saturation solubility of the ionized form, and


ka = apparent dissociation constant.


Similarly, for a basic drug substance, BH that ionizes as;
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The total solubility at a particular pH can be calculated as follows:
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Where (BH+)s represents the solubility of ionized (protonated) form of the drug and (B)s represents the solubility of unionized form.


Partition Coefficient


As such absorption of drug through biological membrane is a complex process. A solid drug when administered orally the drug must dissolve in gastrointestinal fluid first, then cross the biological membrane for its absorption. In case of relatively insoluble drugs the overall absorption is dissolution rate-limited. While for soluble drugs the overall absorption depends on the permeation through gastrointestinal membrane. It is therefore necessary to study both dissolution and permeation characteristics of the drug during preformulation. The rate of permeation of a drug or any substance mainly depends on; molecular size, relative solubilities in water and lipid, and ionic charge of the molecule. Thus, assessment of permeation behavior of a new chemical entity (NCE) should be done even before studying dissolution characteristics.


The biological membranes are made of protein and lipid. To cross the membrane a drug must have some lipophilicity, that is, the solubility in lipids. Lipids present in biological membrane are complex and it is very difficult to obtain them in pure form. However, relative lipid solubility can be assessed by measuring partition coefficient of a drug which is the measure of its distribution between a polar solvent (water) and a nonpolar solvent. In other words, partition coefficient is an index of the hydrophilicity and lipophilicity of the drugs. Many organic solvents, like chloroform, ether, carbon tetrachloride, isopropyl myristate, amyl acetate, benzene, n-hexane, n-octanol, etc. have been tried for determining partition coefficient of drugs. Out of which n-octanol has been found to produce satisfactory results.


If a definite amount of the drug is added to a mixture of two immiscible liquids, usually n-octanol and water, the drug will distribute itself between the two solvents until equilibrium is reached at a particular temperature. The ratio of concentrations is termed as the partition or distribution coefficient of the drug. The ratio is independent of the concentrations of the dilute solutions. Actually, lipids show some solubility in aqueous phase and vice versa. Hence, before determining the partition coefficient the solvents are to be saturated with respect to each other.


The n-octanol-water (oil-water) partition coefficient is commonly used as a measure of lipophilic character of the drug. The distribution/partition coefficient, Kow is expressed as
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Where Co and Cw are the concentration of the drug in oil (n-octanol) and water phase respectively. The value of P depends on whether the drug molecules associate or dissociate in the solution. The above equation stands true when the drug molecules associate in solution. When the drug molecules dissociate in solution, the equation may be modified as,
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where α is the degree of ionization


The test is performed during preformulation studies for the selection of a solvent for,


➣ Extraction of drug,


➣ Crystallization of a drug,


➣ Extraction of a drug from its crude extract,


➣ Extraction and estimation of a drug from its formulation.


The relative polarities of the solvents can be expressed in terms of dielectric constant (ξ), solubility parameters (δ), interfacial tension (γ), or hydrophilic-lipophilic balance (HLB). The best solvent for any solute is one whose polarity matches with that of the solute; i.e. δsolute = δsolvent.


The most useful and easy method to know the polarity of drug is partition coefficient. The solvent solubility can be related to partition coefficient for majority of the drugs. Octanol is a partially polar solvent and it exhibits following properties similar to biological systems.


• Hydrogen bonding acceptor and donor, similar to many biological macromolecules.


• Inclusion of water, similar to biological lipid membranes.


For these reasons octanol has been widely used solvent for partition coefficient determination and the partition coefficient data has been used to correlate structure activity of the drug molecules also. There are various methods available to determine the partition coefficient of a drug substance, such as


1. Shake-flask method


2. Chromatographic method.


3. Counter current and filter probe method.


4. Tomlinson’s filter probe method.


5. Micro-electrometrictitration method


6. Automated instrument is now available.


Polymorphism


Polymorphism and crystal properties


Polymorphism is a property of solid materials to exist in two or more crystalline forms. These forms have different arrangements or conformations of the constituents in the crystal lattice. When a drug substance is prepared either by precipitation or crystallization, the precipitated molecules may either be arranged in regular pattern or in irregular way. The orderly arranged molecules are called crystals having specific crystal lattice structure and irregularly or randomly arranged molecules are called as amorphous. The crystalline solids may exist in more than one crystalline form with different spacial arrangement in the crystal lattice, these crystal forms are called as polymorphs of the drug. The property of having polymorphs is called as polymorphism. Sometimes, during crystallization, solvent molecules are entrapped into the crystals with specific lattice position and in a specific stoichiometry. Such crystals are called as solvates or pseudo polymorphs. By controlling the parameters of crystallization, like solvent, temperature, rate of cooling, etc. the number of polymorphs can be controlled. In many cases crystals of single lattice structure can also be obtained. Generally sudden change of cooling temperature or sudden change in the composition of solvent of crystallization or freeze drying (lyophillization) can produce amorphous solids.


The polymorphs of a particular drug mainly differ from each other in physical properties and therapeutic effect also. The polymorphic forms of a drug have different physicochemical properties such as dissolution and solubility, chemical and physical stability, flowability and hygroscopicity; also in various important biological properties such as bioavailability, therapeutic efficacy, and even toxicity. Polymorphic studies are important, because a particular polymorph can have a particular property which might not be exhibited by any other form. Hence, it is necessary to screen the polymorphs and to find out the suitable form for the formulation.


Chemical Properties


HYDROLYSIS


Hydrolysis is most commonly observed type of drug degradation. This happens due to the presence of water in isolation procedures, formulation strategies, and large number of functional groups that can undergo hydrolysis. Usually, hydrolysis takes place through acid- or base-catalyzed mechanism but it can occur in neutral pH condition where water acts as a base. The carbonyl functional group of esters, lactones, amides, lactams, carbamates, and imides are susceptible to hydrolysis.


The chemical methods to prevent hydrolysis that may occur in vivo include the steric shielding. For example, the use of a bulky alkyl group close to the functional group hinders the approach of a nucleophile or enzyme, and thus reduces the likelihood of hydrolysis.


Electronic shielding is another method used to replace a functional group; for example, if a labile ester function is replaced with a urethane or amide, the nitrogen can feed electrons into the carbonyl group, making it less reactive. As a result, the chemical and metabolic stability increase. However, sterioelectronic modification can also increase the stability without compromising the activity. By changing the ester group in readily hydrolyzed procaine to an amide and introducing aromatic methyl groups to hinder the attack of the carbonyl group significantly reduce the rate of hydrolysis. The resulting lidocaine is a longer-acting local anesthetic than procaine.
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Hydrolysis can be retarded by modifying the chemical structure of the compound. The compound may stabilized by reducing its solubility.


OXIDATION


Oxidation is an important reason for which pharmaceutical product becomes unstable. Sometimes, not always, the addition of oxygen or removal of hydrogen is involved. When molecular oxygen is consumed, the reaction is said to be auto-oxidation. It takes place simultaneously at room temperature, although at slower rate.


Oxidation or the loss of electrons from an atom, sometimes involves free radicals, and subsequent chain reactions. Only a very small amount of oxygen is required to initiate a chain reaction. In practice, it is easy to remove most of the oxygen from a container, but it is difficult to remove all. Generally, nitrogen and carbon dioxide are used to displace the air in the headspace of the container to reduce or minimize deterioration by oxidation.


Since oxidation reaction is complicated, it is difficult to perform a kinetic study on oxidation processes within a general stability program. The redox potential which is constant and relatively easy to determine, can provide valuable and predictive information. In many oxidative reactions, the rate is proportional to the concentration of the oxidizing species but may be independent of concentration of the oxygen present. The rate is affected by temperature, radiation, and presence of a catalyst. If the temperature is increased, the rate of oxidation will increase. On the other hand, if the temperature of the product is reduced to 0 to 5oC, the rate of oxidation would be reduced to half.


The molecular structure mostly susceptible to oxidation contain hydroxyl group directly bonded to an aromatic ring such as phenol or its derivative, etc. Oxidation products generally are not therapeutically potent. The visibility of oxidation process depends on the dilution of the reactants and eye-sight; for example, colorless epinephrine is oxidized to amber colored product.


Oxidation is catalyzed by pH values that are higher than optimum, polyvalent heavy metals ions, and exposure to oxygen and UV illumination. Trace amounts of heavy metals such as cupric, chromic, ferrous, ferric ions. As little as 0.2 mg of copper ion per litre can considerably reduce the stability of drugs such as penicillin, epinephrine, phenylephrine, lincomycin, isoprenaline, and procaine HCl, etc.


Hydronium and hydroxyl ions can catalyze oxidative degradation. There is a pH range for maximum stability for any antibiotic and vitamin preparation. The stability of the pharmaceutical preparations can be improved by use of suitable antioxidant, by maintaining a suitable pH, and by using chelating agent.


REDUCTION


It is relatively more common pathway of drug metabolic process. Hepatic microsomes can catalyze various reductive chemical reactions and NADPHs are requiredfor this purpose. Azo and nitro reduction is catalyzed by cytochrome P450.Chloral hydrate is reduced to its active metabolite trichloroethanol by alcohol dehydrogenase. Reduction of prednisolone and cortisone results in the formation of their active metabolites hydrocortisone. Azo dyes used as coloring agents in pharmaceutical products or foods are reduced to form amines in the liver and by the intestinal flora.


RACEMISATION
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Many drugs are chiral and racemization is a common mechanism of degradation. This can result in the loss of biological activity. For example, in proteins, a mixture of the D and L enantiomers is formed by basecatalyzed reaction of the natural L configuration. Acid-catalyzed racemization of epinephrine or base-catalyzed racemization of pilocarpine results in loss of pharmacological activity.


In pharmaceutical stability, racemization, or the action or process of changing from an optically active compound into a racemic compound or an optically inactive mixture of corresponding R (rectus) and S (sinister) forms, is a major consideration. Optical activity of a compound may be monitored by polarimetry and reported in terms of specific rotation. Chiral HPLC has beenused in addition to polarimetry to confirm the enantiomeric purity of a sample.


In general, racemization follows first-order kinetics and depends on temperature, solvent, catalyst, and the presence or absence of light. Racemization appears to depend on the functional group bound to the asymmetric carbon atom, with aromatic groups tending to accelerate the process.


POLYMERIZATION


Polymerization is a process is a process of reacting monomer molecules together in a chemical reaction to form polymer chains or threedimensional networks. There are many forms of polymerization and different systems exist to categorize them.


The chemical compounds undergo polymerization reaction through a variety of reaction mechanisms with varying complexity due to the different functional groups present in the reactants and their inherent steric effects. For example, alkenes form polymers through relatively simple radical reactions; while reactions involving substitution at a carbonyl group require more complex synthesis due to the way in which reactants polymerize. Alkanes can also be polymerized, but only with the help of strong acids.


Since alkenes can polymerize in radical reactions, they form useful compounds such as polyethylene and polyvinyl chloride (PVC), which are produced in high tonnages each year due to their usefulness in manufacturing processes of commercial products, such as piping, insulation and packaging. In general, polymers such as PVC are referred to as homopolymers, as they consist of repeated long chains or structures of the same monomer as copolymers.


Other monomer units, such as formaldehyde hydrates or simple aldehydes, are able to polymerize themselves at quite low temperature such as –80oC to form trimers molecules consisting of 3 monomer units, which can cyclise to form ring structures or undergo further reactions to form tetramers, or 4 monomer-unit compounds. Such small polymers are referred to as oligomers. Formaldehyde is a strong reactive electrophile. It allows nucleophilic addition of hemiacetal intermediates, which are generally short-lived and relatively unstable “mid-stage” compounds that react with other molecules present to form more stable polymeric compounds.


Polymerization is not sufficiently moderated and proceeds at a fast rate can be very hazardous. This phenomenon is known as hazardous polymerization and can cause fires and explosions.


BCS CLASSIFICATION OF DRUGS & ITS SIGNIFICANT


Amidon, et al in 1995 proposed this method that has effectively replaced the repeated in vitro dissolution tests and reduce the time and cost. Based on three parameters – solubility, permeability, and dissolution the drugs are classified into four categories.
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The objective of BCS classification is to predict in vivo performance of a formulation from in vitro measurements of permeability and solubility.


The significance of BCS classification:


➣ For identification of clinical bioequivalence tests, the efficiency of drug development, and review of the process.


➣ For classification according to dosage form dissolution along with the solubility, permeability characteristics of the drug product.


➣ To provide regulatory tool for replacing certain bioequivalence studies through accurate in-vitro dissolution tests.


➣ For reduction of the cost in drug development processes; also reduction of unnecessary drug exposure in healthy objects.


➣ Guidance to the pharmaceutical industries.


Class I drugs have high solubility and high permeability characteristics; thus these show high dissolution number and high absorption number. It is known that the rate limiting step is drug dissolution and if the dissolution is very rapid then gastric emptying rate becomes the rate determining step. High permeability indicates that the rate of absorption is higher than rate of excretion. For example, Metoprolol, Diltiazem, Verapamil, Propranolol, etc. belong to this class.


Class II drugs can penetrate the cell membrane easily but these have poor solubility in water. Thus, such drugs have a high absorption number but a low dissolution number. In this case, the in-vivo drug dissolution is the rate-limiting step for absorption at a very high dose number. The absorption of Class II drugs is usually slower than that for Class I drugs because of poor solubility. The absorption occurs over a longer period of time. In vitro–in vivo correlation (IVIVC) is usually acceptable for Class I and Class II drugs. The bioavailability of these drugs is influenced by their solvation rates. Hence, a correlation between the in-vivo bioavailability and the in-vitro solvation can be determined. Glibenclimide, phenytoin, mefenamic acid, nifedipine, ketoprofen, naproxen, carbamazepine, and ketoconazole, etc. belong to this class.


Class III drugs are cimetidine, acyclovir, neomycin B, captopril, etc. are highly soluble but can poorly permeate. Thus, their permeability is the rate limiting step for absorption. These drugs exhibit a high variation in the rate and extent of drug absorption. Since their dissolution is rapid, alteration in physiology and membrane permeability is responsible for the variation in their absorption but not the dosage form factors.


Class IV drugs show a lot of problems for effective oral administration; because these drugs have poor solubility and poor permeability. Thus, the drugs of this class show problems in effective oral administration. These compounds have poor bioavailability. These are usually not well absorbed through the intestinal mucosa, and there is high variability is observed. In fact, drugs of this class are rarely developed and marketed. Examples include hydrochlorothiazide, taxol, and furosemide.


Application of Preformulation Considerations in the Development of Solid, Liquid Oral and parenteral Dosage Forms and its Impact on Stability of Dosage Forms


Preformulation testing is considered as the first step of rational development of dosage form of a new drug molecule. The biopharmaceutical principles are used to select the suitable excipients, appropriate composition, correct processing steps, and suitable packaging materials. The ultimate aim is to design an optimum, cost effective, safe, stable, therapeutically effective drug product which is patient friendly. Thus, preformulation testing is the fundamental aspect of developing robust formulations to generate the required data to manufacture the drug product at large scale. It reduces the time of drug development process.


The preformulation testing is conducted in the preformulation stage only. In fact, after the successful synthesis or extraction of a new chemical entity found to have therapeutic effect the required data such as chemical structure, molecular weight, salts available, pharmacological class, expected dose, amount of drug available, expected time of dosage form development, and type of dosage form to be developed are collected and after it passes the toxicity study the formal preformulation testing begins.


Therefore, preformulation study can be considered as a part of research and development process used to study the mechanical as well as physicochemical properties of new drug to develop stable, therapeutically effective and safe dosage form. The information generated in the preformulation study are considered in the development of solid, liquid oral and parenteral dosage forms and its impact on the stability of dosage forms.


On the basis of data generated during detail preformulation studies, the formulation scientist either recommend or reject the proposed formulation. The recommendation or rejection must be supported with logical explanation. For example,


• If the drug is insoluble in water or its solubility cannot be increased adequately, other parameters are found to be satisfactory, the drug is recommended for suspension and ointment dosage forms.


• If the intrinsic solubility of the drug is not adequate but the drug can be solubilized through modification and other parameters are found satisfactory, the drug can be recommended for oral as well as parenteral solution.


• If the drug has good flow property along with normal solubility, the drug is recommended for tablet dosage form. Different crystalline solid forms such as polymorphs, salts, co-crystals.


• If the drug is bitter and the taste cannot be masked properly, the coated tablet is recommended.


During the preformulation study, the stability of the developed dosage form is also tested and accordingly the expiry date and storage conditions for greater stability of prepared dosage form are produced.


A. Multiple Choice Questions


1. The main objective of preformulation studies is


a) To generate useful information for developing a stable, bioavailable and therapeutically effective formulation that can be manufactured in large scale.


b) To examine the useful information for developing a stable, bioavailable and therapeutically effective formulation that can be manufactured in large scale.


c) To evaluate the developed formulation that can be manufactured in large scale.


d) None of the above


2. The improvement in bioavailability can be achieved through


a) Increased stability due to improved hydrolytic stability.


b) Increased stability due to improved thermal stability.


c) Increased solubility


d) Decreased solubility


3. The cod drug can be prepared by


a) Complexing two pharmacologically inactive components to form a single molecule


b) Complexing two pharmacologically active components to form a single molecule


c) Complexing one pharmacologically active component with cod liver oil to form a single molecule


d) Complexing one pharmacologically inactive component with one pharmacologically active component to form a single molecule


4. Why the pharmaceutical industries carry out thepreformulation studies on a new drug substance?


a) To determine thedissolution rate profile of the drug


b) To manufacture the dosage form in bulk quantity


c) To determine the drug degradation rate.


d) To assess the drug compatibility with common excipients


5. Which one of the following is considered as fundamental property of a drug?


a) Molecular structure 


b) Particle shape and surface area,


c) Density, 


d) Flow properties


6. The microscopic structure of a substance……………...


a) Depends on the method used to examine the substance.


b) Depends on the method used to manufacture the substance


c) Depends on the particle size of the substance being examined


d) None of the above


7. Which of the following statements is correct?


a) Crystalline forms do not have fixed internal structure


b) Crystalline forms are not stable


c) Crystalline forms have fixed internal structure


d) Crystalline forms on storage have a tendency to change its internal structure


8. Thermodynamic energy of amorphous form………….


a) Is less than its crystalline form


b) Is equal to than its crystalline form


c) All of the above


d) None of the above


9. Particle size distribution and shape can influence……


a) Various physical and biopharmaceutical properties of a drug substance


b) Various chemical as well as biopharmaceutical properties of a drug substance


c) Various chemical properties of a drug substance


d) Flow properties of a drug substance


10. Which of the methods can be used to determine the particles in size range of 0.5 to 1µm?


a) Sedimentation 


b) Light scattering


c) Sieving 


d) Microscopic


11. The density of powders is accurately determined by……..


a) Nitrogen gas replacement method.


b) Hydrogen gas replacement method


c) Helium gas replacement method


d) Carbon dioxide gas replacement method


12. Bulk density of powders depends on…………..


a) The method of crystallization of the substance


b) The method of milling of the substance


c) The method of manufacture of the substance


d) All of the above


13. According to Carr’s index (%) of 18–21 the flow property of pharmaceutical powders would be


a) Fair 


b) Very poor


c) Good 


d) Excellent


14. Which of the following statements is correct/


a) The solubility does not change with change of pH.


b) An ionizable neutral drug will not show any change in its solubility due to change in pH.


c) The solubility of a drug change with change of pH.


d) A non-ionizable neutral drug will change in its solubility due to change in pH.


15. Which of the following statements is correct?


a) The solubility of a weakly basic drug is more in alkaline medium 


b) The solubility of a weakly acidic drug is more in alkaline medium 


c) The solubility of a weakly acidic drug is more in acidic medium


d) All of the above


16. Which of the following statements is correct?


a) A drug is very soluble in gastrointestinal fluid if not stable; the absorption of the drug will increase.


b) A drug is very soluble in gastrointestinal fluid if not stable; the absorption of the drug will not change.


c) The drug in solution in gastrointestinal fluid must not be stable until it is absorbed.


d) The drug in solution in gastrointestinal fluid must remain stable until it is absorbed.


17. The solubility of a drug can be found out at a particular pH, ………


a) If the intrinsic solubility and pka are known


b) If only the intrinsic solubility is known


c) If only the pka value of the drug is known


d) None of the above


18. The effect of pH on the solubility and stability of drugs is very much important …..


a) For solid dosage form


b) For only parenteral dosage forms


c) For liquid dosage forms


d) For only oral dosage forms


19. For determining partition coefficient of drugs which of the following solvents is most suitable?


a) n-hexane, 


b) Chloroform


c) n-octanol 


d) Amyl acetate


20. Drugs having high solubility but low permeability are put in the BCS class of


a) I 


b) IV


c) II 


d) III


B. Short Questions


1. Enlist the preformulation tests to be conducted on new drug substance.


2. Explain the terms purity and impurity.


3. Explain the relation between pH and solubility.


4. Discuss the relation between absorption through biological membrane and partition coefficient of a drug.


5. Write note on polymorphism and crystal properties.


6. Explain how chemical stability of a drug is influenced by its crystal characteristics.


7. Explain intrinsic dissolution.


8. Write note on solid-state stability.


9. Discuss in brief the effect of temperature on stability of drug.


10. Explain the effect of humidity on stability of a solid drug substance.


C. Long Questions


1. Discuss how particle size distribution and shape can influence various physical as well as biopharmaceutical properties of a drug substance.


2. Define the term solubility. How can it be determined?


3. Describe how the rate of permeation of drugs in solution through the biological membrane is measured by in-vitro method.


4. Explain the factors that influence dissolution rate of a drug.


5. Discuss biopharmaceutical classification system.


6. Discuss how drug-excipient compatibility test is conducted.


7. Explain how the flow property of a drug substance is measured and mention its importance in formulation development.


8. How can compressibility of a solid drug substance be measured and why?


9. How does bioavailability of a drug depend on its crystal characteristics?


10. Explain the bioavailability characteristics of crystalline and amorphous for of drug.
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Introduction


The most common route of drug administration is oral route and the most preferred dosage form is solid dosage form, particularly tablet and capsule. About 90% of the drugs used for systemic effect are administered by oral route. The first patent was granted in 1843 for a tablet prepared using hand-operated machine. For a long time pill remained in use in the pharmacies. Pills are spherical in shape, about 4 - 6mm in diameter, and prepared by hand. Since 20th century extensive research works have been made to develop, design and evaluate tablet dosage form.


A tablet is compacted mass of a solid mixture of active ingredient (drug) and certain other substances (excipients). It is defined as a solidunit dosage form made by compaction of a formulation containing drug and certain additives to aid in the processing and product performance. The European Pharmacopoeia in its 3rd edition (in 1997) defined tablet as solid dosage preparations each containing a single dose of one or more active ingredients and obtained by compressing uniform volume of particles. These are mostly prepared for oral administration. Some are swallowed as a whole, some are chewed, some are dissolved or dispersed in water before administration, and some are held within the mouth (usually below the tongue) for slow release of the drug. Thus, varieties of tablets are prepared and various excipients are used.


Tablets and capsules are unit dosage forms that can be taken by a patient himself or herself. In case of liquid oral dosage forms like solution, suspension, emulsion, etc. the patient has to measure a certain volume of the preparation ranging from 5 – 30ml to take the required amount of the drug with the help of a spoon. Depending on the size of the spoon the amount of drug taken may vary from 20 – 50% even. Thus, a tablet or capsule can provide accuracy in dose along with stability and this is one of the reasons for its popularity.


The advantages of tablets are:


➣ Convenient and safe means to administer the drug


➣ Self administerability


➣ Better stability of drug and dosage form


➣ Method of preparation can ensure accurate dosing of the drug


➣ Convenience in handling and carrying


➣ Commercial production with consistent quality of a product is conveniently possible


➣ Economic


➣ Simple product identification


➣ Drug release in gastrointestinal tract can be tailored as per requirement.


However, there are certain disadvantages of this dosage form.


The disadvantages of tablets are:


➣ Certain drugs are flocculent and of low density; hence do not have required compressibility. These drugs cannot be compressed.


➣ Drugs irritating to gastric mucosa may create problem in manufacture as tablet.


➣ Drugs having poor wettability, slow dissolution characteristics may be difficult or impossible to be formulated as tablets.


➣ Drugs having bitter-taste and objectionable odor, or drugs sensitive to moisture, oxygen are not suitable to be manufactured as tablets.


➣ For absorption, disintegration and dissolution of tablet is required.


To design a tablet a number of adjustments are to be made so that the tablet produced possesses desired characteristics such as friability (resistance to mechanical abrasion), disintegration, dissolution, etc. Sometimes these adjustments may appear as competitive. Meyer et al studied these properties on 14 samples of nitrofurantoin tablets. Each of these fulfilled the USP XVIII specifications in terms of drug content, disintegration time and dissolution rate. It was observed that the bioavailability of drug from different products was different and the difference was statistically significant. Thus, it is necessary to select and optimize the correct ingredients with respect to a particular drug or combination of drugs so that the tablets with desired properties are obtained.


The formulation and design of a tablet may therefore be described as a process which ensures that a correct amount of drug in its right form is made available at right site of absorption at a desired rate over a desired period of time. This is possible when a tablet formulation and production process is validated properly. The complete validation includes optimization of raw material variables, effects of all combinations, all process variables, and effect of their interactions, if any, and to ensure that any lot produced shall be within the limits of total product specifications. The drugs administered orally are absorbed in solution form in the gut. Orally administered drugs are rapidly absorbed also. Hence, their dissolution or solubility in GI fluid becomes the rate-limiting factor for absorption. The solubility of a drug depends on its particle size or surface area, e.g. griseofulvin. In such cases particle size reduction can effectively reduce the dose size of the drug. Thus, the effects of drug and excipients – separately and together need to be considered for the therapeutic efficacy of a tablet. Exhaustive studies have been conducted since last century. For proper design of a tablet formulation it is essential to perform preformulation studies and the information (data) generated should be carefully considered.


Ideal Characteristics of Tablet


The tablets may have different 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 used in the oral administration of drugs. Whatever may be the method used to manufacture tablet, the tablet prepared must have certain standards as mentioned below. The ideal characteristics of tablets are:


➣ The tablets must have desired organoleptic properties as mentioned in the product’s standards.


➣ The hardness of the tablet must be sufficient to withstand handling during manufacture, packaging, and to resist shock and abrasion during shipping and use. This property is measured by the test for hardness and friability.


➣ Uniformity of tablet weight and uniformity of drug content in the tablets are tested by determining individual weight variation and uniformity of drug content.


➣ The dose of the drug present in tablets must be bioavailable. This can be evaluated by in-vitro tests –disintegration test and dissolution rate test. However, bioavailability can be accurately measured by in-vivo test that is pharmacokinetic test.


Usually the size of the tablets is decided on the basis of unit dose of the drug. When a tablet contains very small amount of drug (e.g. folic acid, reserpine, dexamethasone, etc.) in microgram range, diluents or fillers are added to produce compressible mass of tablet. The diameter of such small tablets ranges from 3 – 5mm. With increase of dose size the weight of the tablet is also increased. The average weight of tablet containing 100 – 200mg of drug increases by 40 – 50% and the diameter of the tablet is kept around 5 – 11mm.


Tablet components


As mentioned earlier, tablet is prepared from a uniform mixture of active ingredient(s) and certain excipients (additives) in powder forms. The powder mix is subsequently processed to compress in the form of solid mass with definite shape and size.


Active Ingredient (API/Drug)


On the basis of solubility, the drugs can be classified broadly into two categories – water soluble and insoluble, and according to the type of therapeutic action – local acting and systemic. Both types of drugs are formulated as tablets and administered orally. Antacids, laxatives, anthelmintics, etc. are insoluble and act locally in the GI tract. Drugs intended for systemic effect may be soluble as well as sparingly soluble or insoluble. When an insoluble drug is formulated as tablet for local actions, the critical formulation parameter of the tablet is dispersion of drug in form of very fine particles to produce large surface area for desired therapeutic efficacy. While for a tablet containing drug is prepared for systemic effect, the critical parameter of formulation is rapid disintegration followed by dissolution at around the site of absorption in the GI tract. The success of this parameter depends on two things – solubility of the drug and product design. The rate of solubilization of a drug from the tablet again depends on particle size of the drug. Tablet containing micronized drug particles can enhance the solubility as well as bioavailability. Repeated experiments suggest that a stable salt or crystal form of the drug would be suitable for preparing tablet which exhibits desired bioavailability of the drug. Ibuprofen is an example. Ibuprofen recrystallized in ethanol has poor compression characteristics and needs to be wet granulated for tableting. The granules prepared show compression problems, like picking, sticking, and lamination. These problems are overcome when ibuprofen is recrystallized in methanol and ibuprofen recrystallized in methanol can be directly compressed also.


Thus, it is essential to investigate the physicochemical properties of the drug thoroughly before finalization of the product composition with desired quality parameters. Most of the tablet formulations contain excipients for different purposes;


➣ To increase the bulk (diluents),


➣ To improve physical, mechanical properties, and compression characteristics of the powders (binder),


➣ To achieve faster release of the drug (super disintegrant), and


➣ To improve flow property and compression (lubricant/glidant, and/or antiadherent).


There are few drugs having proper crystalline structures suitable for direct compression into tablets without any treatment. In case of direct compression, the complexity of formulation is reduced. Generally, the drug having cubic crystalline structure can be compressed directly. Crystals which are not cubic, require realignment to induce required bonding property. Potassium chloride is an example of this type. It is rare that a drug does not require any additive for tableting. Even a directly compressible drug requires at least a suitable lubricant. The quantity and type of excipient used for processing of a drug for tableting depends on;


➣ The dose size,


➣ Physicochemical properties of the drug,


➣ Physicochemical properties of the excipients,


➣ Use of the drug,


➣ Problems related to absorption/bioavailability of the drug, and


➣ Method of manufacture.


A drug in a tablet when used for systemic effect, the therapeutic efficacy depends on the bioavailability of the drug. To be bioavailable it is to be absorbed from GI tract. Absorption means passing of the drug through gastrointestinal membrane. This is possible when the drug is dissolved in the GI fluid of absorption site. There are various processing parameters that influence dissolution of drug from a tablet and its absorption in the GI tract. These are:


➣ Crystal size of the drug,


➣ Type of binder used,


➣ Formation of granules,


➣ Granule size,


➣ Type of disintegrant and lubricant used,


➣ Compression of granules.


Studies on tablets of salicylic acid, nitrofurantoin indicated that reduction in particle size increased the release rate of the drug. However, this has also been observed that despite satisfactory disintegration therapeutic efficacy of prednisolone may be less. During formulation of tablet these parameters should be duly considered. The bioavailability of a drug from different types of dosage forms are arranged in the following descending order: solution < suspension < emulsion < powders < capsule < uncoated tablet < coated tablet.


For sparingly soluble drugs, the rate of absorption depends on the dissolution rate (dissolution rate limited) in the gastrointestinal fluid at around its site of absorption.


Classification of Tablets


There are various types of tablets. Tablets can be classified as:


1. Tablets intended for oral administration


• Compressed tablets


• Multiple-layer compressed tablets


• Delayed release tablets or Enteric coated tablets


• Sustained release tablets


• Controlled release tablets


• Sugar coated tablets


• Film coated tablets


• Chewable tablets


2. Tablets intended for holding in oral cavity


• Buccal tablets


• Sublingual tablets


• Troches and lozenges


• Dental cones


3. Tablets administered by other route


• Implantable tablets


• Vaginal tablets


4. Tablets used to prepare solution


• Effervescent or soluble tablets


• Dispensing tablets


• Hypodermic tablets


• Tablet triturates or Enzyme tablets


Excipients


Screening of excipients for tablet formulation is most important and challenging. Generally, there are various materials used as excipients. These excipients can be classified into six categories –


• Diluents,


• Binder,


• Disintegrant,


• Lubricant,


• Color, flavor, and


• Sweetener.


Each category of excipient performs definite function. However, the selection of excipients depends on the method used for manufacture of tablet. That is all the excipients required for direct compression may not be same as required for wet granulation or dry granulation.


Diluents


Diluents are although considered to be inert excipients; these can greatly influence the physicochemical as well as biopharmaceutical properties of a tablet. For example, absorption of tetracycline can be adversely affected by calcium salts. Discoloration of tablet of amines (salt or base) may take place in the tablets containing lactose and alkaline lubricant. During design of a tablet formulation it is desired that the tablet should contain additives as small as possible with all desired qualities.


When moisture becomes a problem for stability of the drug or when the excipients are hygroscopic, following facts are to be considered during formulation development:


➣ Absorption or desorption of moisture by drug or excipients may be irreversible and moisture may not be removed easily by drying.


➣ Use of aqueous granulating solution may affect the formulation.


➣ Control of temperature and humidity is necessary during processing.


➣ Compression characteristics of granules and their moisture content.


➣ Affinity between drug and excipient (cohesiveness).


Drug sensitive to moisture should not be combined with hygroscopic excipient. Certain diluents contain bound and unbound moisture. Bound moisture (water of crystallization) does not normally react and the material does not absorb water further. To remove the bound water the temperature should be raised to at least 80oC. No tablet processing requires this high temperature. Dextrose, mannitol, sucrose, sorbitol, etc. can absorb more moisture than lactose (anhydrous and hydrous), calcium phosphate hydrous, and calcium sulphate hydrous. For this reason, CaSO4, 2H2O is commonly used in vitamin tablet. When mixed with drug and subsequently compressed, different diluents show different cohesiveness. This property of diluents becomes important when average weight (size) is a factor. If the size of the tablet is not a factor, cheaper diluents with less cohesiveness can be used. Both disintegration and hardness can be related to the cohesiveness of the diluents. Most widely used diluent is lactose, hydrous and anhydrous. It provides good stability to tablets of most drugs prepared by direct compression and wet granulation too. However anhydrous lactose is better than hydrous one. It provides faster disintegration, good friability, and good bonding property also. Other common and the most economic diluent is starch. It may be of corn, wheat, or potato. Commercial starch contains 11 – 14% moisture. Directly compressible starch is made from corn (known as Starch 1500) and it contains about 10% moisture. However, it softens when mixed with excess (more than 0.5%) of magnesium stearate.


Binders


These are used to increase cohesiveness among the powders. Dry binders are used for direct compression. In wet granulation binder in the form of paste or solution is used to form granules of required strength. Granules have fewer tendencies than the powders to entrap air. Primarily a binder is selected on the basis of following characteristics.


➣ Compatibility with other excipients,


➣ Ability to impart required cohesion to the powders for their compression (direct compression)


➣ Ability to produce compacted granules of required strength (wet granulation).


Commonly used tablet binders investigated for their binding ability have been mentioned here in ascending order of adhesive property - starch > simple syrup > gelatin > acacia > glucose. Despite having least adhesive strength starch is widely used as it does not have any adverse effect during drying or other processing. To increase adhesiveness, sometimes a blended binder like starch-gelatin, starch-sucrose, starch-sorbitol, starch-acacia, etc. is used. Acacia is a powerful binder; but it is avoided for its off white color and contamination with extraneous material and bacteria. There are other binders which are used in tablet formulation. These are polyvinylpyrrolidone (PVP), ethylcellulose, hydroxypropylmethyl cellulose (HPMC), polymethacrylates (Eudragit), etc.


Disintegrants


Disintegrants facilitate breakage/fragmentation of the tablet after administration. These are added either before granulation or during lubrication, sometimes at both the steps. The effectiveness of disintegrant depends on the stage at which it is mixed. There are six basic categories of disintegrants: starches, clays, celluloses, algins, gums, and others. Many disintegrants have binding property also. Since disintegration is opposite to granulation phenomenon, the materials used for these two effects (binding and disintegrating) are to be carefully optimized during formulation development. There are different mechanisms of disintegration:


➣ Evolution of gas – when the tablet comes in contact with water, if a gas is generated in a chemical reaction and evolved, the tablet will rupture. This is applicable for effervescent tablets. The acidic and basic substances present in the tablet react in presence of water and carbon dioxide is evolved.


➣ Water absorption – water absorbed by the tablet initiates rupturing of the tablet. This depends on the solubility of drug and other excipients present in the tablet.


➣ Heat of wetting (expansion of air) – when a tablet is dipped into water, heat may be produced. Due to this heat air entrapped inside the tablet expands and the tablet ruptures.


➣ Swelling – when a tablet is immersed in water the disintegrant powders, for example starch, swell and exert pressure on the compacted granules. The granules are then ruptured. Tablets of insoluble drugs disintegrate faster in presence of starch than those of soluble drugs. In later case, soluble drug reduces water absorptivity of starch. Swellability of disintegrant increases when the disintegrant particles such as starch are deformed more during compression.


➣ Tablet porosity (capillary action or wicking) – when a tablet comes in contact with water, water penetrates into the core of the tablet depending on the mean pore diameter or porosity of the tablet. The porosity of the tablet depends on the nature of the materials present and pressure exerted during compression. As the compression pressure increases porosity decreases. However, no quantitative correlation has been reported.


➣ Enzymatic action – the enzymes present in the body act on the binding agent and destroy the binding action of the binder, there by facilitate disintegration of the tablet. For example, amylase acts on starch, protease on gelatin, invertase on sucrose, cellulase on cellulose and its derivatives.


➣ Repulsive force – the swelling of tablet containing non-swellable disintegrant is explained by particle repulsion theory. When water comes in contact with tablet, initiates the electric repulsive forces between particles and results swelling of granules and disintegration of tablet.


Lubricant, antiadherent, and glidant


These are used primarily to improve flow property of the granules, to reduce friction between the tablet and the die metal surface, and to facilitate compression and ejection of tablet. A lubricant may also have glidant and antiadherent properties. These can be defined as follows:


Lubricant reduces friction between the granules and between granules and die wall at the time of compression and ejection.


Antiadherent prevents sticking mainly to the punch, and to a lesser extent to the die wall.


Glidant improves the flow characteristics of the granules.


Lubricants


Lubricants work mainly through two mechanisms: fluid lubrication and boundary lubrication.


➣ Fluid lubrication refers to the formation of thin, continuous fluid layer between the tablet and metal die surface. Fluid lubricants are rarely used in tablet formulation. Exception is the use of liquid paraffin in effervescent tablet.


➣ Boundary lubrication is most commonly used in tablet formulation. In boundary lubrication, the sliding surfaces are separated by a very thin layer of lubricant. The frictional forces present are influenced by the nature of the tablet and die surface properties.


There are six categories of boundary lubricants used in tablet formulations. These are given in Table 2.1.


Table 2.1 Classification of lubricants










	Category of lubricant

	Examples





	Metallic salts of fatty acids

	Magnesium stearates, aluminium stearate, calcium stearate, sodium stearate, zinc stearate.





	Fatty acid, hydrocarbons and fatty alcohols

	Stearic acid, decanoic acid, dodecanoic acid, docosanoic acid, eicosanoic acid, octadecanol.





	Fatty acid esters

	Sodium lauryl sulphate, sodium Stearyl fumarate, magnesium lauryl sulphate, glyceryl behenate, dodecanoic triglyceride, sucrose monopalmitate.





	Alkyl sulphates

	Sodium lauryl sulphate, magnesium lauryl sulphate.





	Polymers

	

PEG 4000, PEG 6000,

polyoxyethylenepolyoxypropylene copolymer, polytetrafluoroethylene.







	Inorganic materials

	Magnesium silicate, aluminium silicate.











Most widely used lubricant is magnesium stearate. It is considered that this lubricant first fills the void space between the particles and then coats the particles in the form of monomolecular or monoparticulate layer. Lubrication with magnesium stearate improves the flow property of ibuprofen granules, while the flow property of acetaminophen was found excellently improved by using colloidal silica.


Lubricants may be classified into two categories: water soluble and water insoluble. The latter is more effective than the former. Stearic acid, metallic stearates, talcum, waxes are water-insoluble lubricants. While water-soluble lubricants are boric acid, sodium chloride, carbowax 4000, carbowax 6000, mixture of sodium benzoate and sodium acetate, sodium oleate, sodium lauryl sulphate, magnesium lauryl sulphate, etc.


The selection of lubricant is based on:


➣ Compatibility with drug and other ingredients,


➣ Type of tablet being formulated,


➣ Mode of administration;


➣ Disintegration and dissolution properties desired,


➣ Flow problems,


➣ Lubrication requirement of the formulation,


➣ Physical properties of powders and granules, and


➣ Cost.


Lubrication is done at dry state with the granules, before compression. Along with reduction of friction between granules and die wall, a lubricant reduces the cohesion between the particles, and adversely affects the tablet properties like tablet strength. Thus, mixing should be done for not more than 5 min. If mixed for long period, disintegration and dissolution characteristics, and strength of tablet shall be affected adversely. Some lubricants are mixed in the form of solution with granules, for example alcoholic solution of carbowax.


Antiadherent


These are most suitable for formulations having a tendency of picking. For example, tablet of multivitamin containing higher amount of vitamin E has a tendency of picking which can be reduced by using colloidal silica as antiadherent. Most commonly used antiadherents are talcum (1 – 5%), cornstarch (3 – 10%), and metallic stearates (less than 1%), sodium lauryl sulphate (less than 1%), colloidal silica (less than 0.5%). However, DL-leucine is an excellent punch-face lubricant and is water-soluble. Silicone oil has also been observed as good antiadherent.


Glidant


Usually these have poor lubricating property. These improve the flow property of granules - flow from hopper to die cavity. Many formulations intended for direct compression exhibit problem of rolling. Glidants can reduce this problem. In case of high-speed compression, smooth and even flow of granules is very much required. The most commonly used glidants are talcum, cornstarch, colloidal silica, aerosil (fumed silica), etc.


In fact, there are materials considered as lubricants, do not have good lubricating property; but are better glidants or antiadherents. For this reason, a mixture of materials is preferred to a single material. All the three requirements can be fulfilled by use of a mixture. The efficiency of three glidants is measured as follows: very fine silica > magnesium stearate > purified talc.


Colors


Colors added to tablet formulations must be of food grade and approved. These are primarily of two types – natural and coal tar dyes. The natural dyes may be of plant or animal origin. The coal tar dyes are again of two types - dyes and lakes. The color is used for different purposes.


➣ For identifying a product among similar-looking products manufactured by single manufacturer or by different manufacturers.


➣ To avoid the possibility of mix-up during manufacture.


➣ To enhance the aesthetic or marketing value of a product.


Dyes are water soluble and lakes are water insoluble. Lakes are prepared by adsorption of water-soluble dyes on fine particles of a hydrous oxide, usually aluminium hydroxide. Solution of dyes are used during granulation (wet granulation), or during coating. Lakes are generally used by mixing with other dry excipients.


Flavors


Flavors may be used either as spray dried powders (solid) or a liquid (oil). The liquid flavor may be either water miscible or water immiscible. The liquid water miscible flavors are generally used in oral liquid preparations. The flavor (liquid) when used in solid dosage forms, tablets and granules, it is usually mixed at the time of lubrication of granules. Flavor is added to granules intended to prepare chewable tablet, effervescent tablet, or to disperse in water for oral administration such as electrolyte mixture. Since flavors are primarily volatile oils, the major problems with them are:


➣ Sensitivity to moisture, and


➣ Volatility.


Oxidation spoils the quality of a flavor. For which oils are commonly emulsified with acacia and spray dried to powders. These dry flavors can be easily handled and are more stable than oils. As the flavors are in general volatile in nature, the granules containing flavor when dried, the flavor will volatilize and be lost. Water soluble flavors are not commonly used because these are less stable on storage.


When oil flavor is to be used, it is diluted with alcohol and sprayed over the granules during lubrication. The maximum amount of oil that may be added to the granules is less than 1%. More amounts can affect the properties (flow and strength) of granules. The oils can be added in another way also. These are adsorbed onto a suitable excipient (adsorbent) like aerosil or carb-o-sil, and mixed easily with granules. These adsorbents can retain water or any liquid up to 50% of its weight without being wet. After holding this large volume of liquid, these can work as free flowing powder. For this reason silicone dioxide is used in tablet containing high amount of vitamin E. Silicon dioxide can work both as glidant and adsorbent.


Other adsorbents are clays such as bentonite, kaolin, magnesium silicate, tricalcium phosphate, magnesium carbonate, and magnesium oxide which are potent also. However, starch is also an adsorbent.


Sweeteners


Sweeteners are used mainly in chewable, effervescent, and mouth dissolving tablets for improvement of the taste. There are natural and synthetic sweeteners. When mannitol, lactose, sucrose, and dextrose fail to bring about the required sweetness and cannot mask the unpleasant taste of the drug, artificial sweetener is used. Since long, saccharin, a synthetic sweetener, about 400 times sweeter than sucrose, has been used. It was approved by FDA also. Currently its use has been banned, as it has been found to be carcinogenic.


Presently aspartame which is about 180 times sweeter than sucrose has replaced saccharin. It is also approved by the FDA and is being extensively used in pharmaceutical formulations as artificial sweetener. The limitation of aspartame is its discoloration in presence of ascorbic acid and tartaric acid. Unfortunately aspartame has also been found to be carcinogenic and hence, its use in pharmaceutical preparations is discouraged.


Compression and Processing Problems


Knowledge about tablet compression or physics of tablet compression has been known after 1950 when powdered metal were compressed to make metal objects. Investigations on this topic cover mainly the following areas:


• Relation between force used to compress granules and properties of compressed tablet


• Effect of lubricants on the transmission of forces during compression


• During compression how the pressure is distributed within the powder or granule mass


• Bonding of granules or particles to form tablet and the factors influencing.


Formulation of Tablets


Broadly there are two methods used for manufacture of tablets - direct compression method and granulation method. Granulation method may be dry granulation and wet granulation. Each method has certain advantages and limitations also. However, trend in pharmaceutical industries is towards direct compression. Thus, the tablets are manufactured primarily by two methods.


[image: ]


Direct compression


Direct compression is the process of preparing tablets by compressing a powder mixture of API (drug) and suitable excipients. No pretreatment of powder-mixture is required. Initially it had been referred to compression of a single component without addition of other material. For example, sodium bromide, potassium bromide, sodium chloride were the materials used for direct compression. Usually materials having cubic crystalline structure are suitable for direct compression. Since many drugs do not have this crystalline structure, they require addition of suitable excipients for direct compression. The popularity of direct compression began with the arrival of directly compressible excipients.
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