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Bioavailability is one of the invaluable, significant and an inevitable aspect of pharmaceutical sciences. A great deal of investigation has been dedicated to the problems mainly encountered with bioavailability of drug and in determining the equivalence between commercially available drug products. The identical dosage form formulations of a drug are commercially available. A dosage form having a high degree of patient acceptance and conforming to the invitro tests may not be absolutely and clinically acceptable. 

Bioavailability concept and factors affecting bioavailability

The ultimate goal of most orally administered dosage forms is to serve as a vehicle for the distribution of the drug substance at the site(s) of action. 

Bioavailability is defined as a measurement of the rate and extend (amount) of drug that reaches the systemic circulation from a drug product or a dosage form. The biopharmaceutical study reveals substantial evidence that the method of manufacturing, processing and the final formulation of a drug product can affect the bioavailability of the very drug. 

Some factors which can influence the Bioavailability of Orally Administered Drugs.

(A) Drug substance physiochemical properties: these are most significant factors affecting the bioavailability and its therapeutic response. They are

· Particle size

· Crystalline or amorphous form

· Hydration

· Lipid/water solubility

· PH and pk4

(B) Pharmaceutical ingredient and dosage form characteristic

· Pharmaceutical ingredient: a wide variety of additives and adjuvant are added to formulate a drug product so as to facilitate purity, stability, compatibility and desired aesthetic features. These uncountable exciepients have their own profound effects of the bioavailability of the drug. Some of the additives which are used are:

1. Fillers

2. Binders

3. Coatings

4. Disintegrating agents

5. Lubricants

6. Suspending agents

7.  Surface activating agents

7. Flavoring agent

8. Coloring agent

9. Preservation agent

10. Stabilizing agents

· Disintegrating agent

· Dissolution rate 

· Product age and storage conditions

(C) Physiologic factors and patient characteristics: These are the factors which modify the drug concentration and thus its pattern of pharmacological effects depending upon their specific effect which varies with the type of drug. These factors are characteristic of every patient depending the physiology of the patient. They are:
· Gastric emptying

· Intestinal transit time

· Gastro-intestinal abnormality or pathologic condition

· Gastric contents: These are Other drugs, Food and Fluids

· Gastrointestinal pH

· Drug metabolism.

· Absorption surfaces

· Gut-flora, sex, age etc.

(D) Pharmacological factors influencing bioavailability:

The following chart clearly elucidates the possible effects produced along with the possible cause behind the type of effect produced.

Factors                                                               Probable influence and the cause.

(a) Variation in Drug Content                                     due to Inadequate quality control

(b) Storage                                                                  Leads to inactive drug or inertness

(c) State of drug                                                          This has far reaching and varying effects              

· Polymorphism or pseudo polymorphism         Dissolution rates vary with the different            

                                                                               polymorphic form of drug

· Hydrate forms                                                  a wide variation in absolute bioavailability

· Ester produced                                                 Enhanced bioavailability with esteric form  

                                                                               Of antibiotics.

· pH-gradient                                                       CaSO4 is added to maintain pH.

· Exciepients or additives added                        Alter acceptability, shelf life therapeutic 

                                                                               Efficacy and efficiency.

BIOAVAILABILTY STUDIES

The basic application of bioavailability studies are at the following levels:

1. Usually in the “Primary stages of development “of the suitable dosage form for a new drug entity or a new drug molecule.

2. Also for “Determination of influence of exciepients, patient related factors and the detoriating effect of all  possible interaction with other drugs and the interaction of drug with the other physiological components mainly on the efficiency of absorption.

3. Developments in the formulation or modification of new formulations of the existing drugs. 
4. For the Control of quality of a drug product during the early stages of marketing in order to determine the influence of processing factors, storage and stability on drug absorption and hence on its pharmacological responses.

There are two major types of bioavailability studies which are widely conducted. The first type involves an assessment of the bioavailability of a new drug formulation. This includes determination and assessment of the pharmacokinetic parameters of drug products following the different routes of administration. Then these parameters are utilized in developing and management of an optimum dosage regimen. Finally, the new drug is formulated suitably for an intended route of administration and its bioavailability is determined and assessed.  

The second type of bioavailability study incorporates  a comparison between the  test formulation and that of a reference standard dosage form that is been examined and tested to have the desired and standard therapeutic efficiency and efficacy as well as safety. This type of studies is known as bioequivalence studies.

Terminologies used are:

Two products are considered to be bioequivalent if the plasma concentration or the drug concentration- time profiles are so identical that they are unlikely to produce differences in their pharmacological responses or even in their toxic effects. The major terms used in these studies are:

(a) Equivalence: Equivalence is a general term used to compare products taking a specific characteristics or function or a defined set of conditions into consideration. In biopharmaceutics drug products are compared.

(b) Chemical name: Name used by the organic chemist to indicate the chemical structure of the drug

(c) Generic name: the established, non-proprietary or common name of the active drug inn a drug product (e.g. aspirin)

(d) Drug Product: the finished dosage form that contains   the active drug ingredient generally but not necessarily in association with inactive ingredients.

(e) Chemical Equivalence this implies that two or m ore drugs products contains the same labeled chemical substance as an active ingredient in the same amount.

(f) Pharmaceutical Euivavalence:   Drug products that contain the same active drug ingredient (same salt, ester or chemical form) and are identical in strength, dosage form and them route of administration.

(g) Therapeutic Equivalence: therapeutic equivalents are drug products the contain the same therapeutically active ingredient that should give the same therapeutic effect and have an equal potential for adverse effects under conditions set forth in the labels of these drug products. 

Therapeutics drug products may differ in certain biological or physical characteristics, such as color, scoring, flavor, packing, preservatives and expiration date. Therapeutic drugs must have:  

(a) Safety and effectiveness 

 (b) Must be pharmaceutically equivalent, 

 (c) Must be Bioequivalent 

 (d) Should be adequately labeled, 

 (e) Should follow Good- Manufactured Practices.

Absolute and Relative Bioavailability

    Absolute bioavailability of a pharmacological substance or the drug product is actually defined as the measure or the assessment  obtained by comparison between the respective bioavailability after oral and the intravenous bolus injection of the drug product. This measurement is acceptable and valid as long as the elimination rate and the volume of distribution of the drug material are independent of route of administration of the very dosage form.

The absolute bioavailability of a given drug using the plasma concentration-time curves are obtained following the administration of equivalent doses of the drugs through  an absorption site and through  the intravenous route on  the same subjects i.e. On the same patient  at distinct occasions.  Typical plasma concentration time curves obtained by administration of the equivalent doses of the same drug substance by the intravenous route (bolus injection) of administration and the extra venous route that is oral administration are shown in figure below: 
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Absolute bio.= [AUC]ex/ (Dose)ex

                               [AUC]iv/(Dose)iv

Cumulative amount of other metabolite are also used to determine the absolute bioavailability.

Absolute bioavailability= [X]ev/(Dose)iv


                                          [X]iv/(Dose)iv

Where Xev, Xiv is the total amount of the unchanged drug molecule or metabolite excreted in urine in infinite time.
Relative bioavailability: It has been defined as the ratio of bioavailbity of a drug product and that of a recognized standard. In general, a recognized standard is either a branded or marketed drug product or a standard dosage form acceptable by the Food and Drug by Administration. Thus recognized standard must have the desired safety, purity, efficacy, identity, strength that it purports to possess.  The bioavailability of a test formulation is compared to the availibity of the drug in a selected dosage form using a cross-over study.

Relative bioavail= [AUC] test/ (Dose) test

                              [AUC] standard/ (Dose) standard.

Percent relative bioavailibity can be easily obtained by multiplying this fraction with 100.  Percent bioavailability can be calculated from the urinary drug excretions data, provided the condition that unchanged drug is excreted in the urine.

Percent relative bioavail= [Xu] test/(Dose)                        * 100

                                          [Xu] standard/(Dose)standard .

Where [Xu] is the total amount of the unchanged drug or a major metabolite excreted in the urine in the infinite time.

A BRIEF DISCUSSION OF BIOAVAILABILITY STUDIES PROTOCOL
The assessment of bioavailability data of several drug products compulsorily requires the measurement or evaluation of drug and /or its metabolites and their levels available either in the blood or in the urine. The bioavailability of a drug from a dosage form depends on the amount of drug or the dose administered and the route of administration, time of administration, subjects and dosage forms. The major purpose of these bioavailabity studies is to find out the influence of the biological compatibility and therapeutic performance of the drug on the biological membranes when delivered through a suitable route in the very dosage form.

1.1 Study Objective  : 
The objective of the bioavailability study governs the preparation of the study protocol. A study design meant for the assessment of the essential pharmacokinetic parameters of the drug product mainly differs significantly from a bioequivalence study which is implemented by the comparison of the test formulation of the drug with reference to a standard.

1.2 Study Design: 
A wide Variety of factors have been considered in conducting the bioavailability study of a drug substance. This is so since the rate and extends of absorption of a drug to the systemic / blood circulation is adversely affected by such potent factors. 

At the same time the distribution and elimination process are also influenced by the distinct factors like: subject’s age, body weight, general health conditions, time of administration, time of sampling, analytical method used along with the compartment model used in estimation and evaluation of pharmacokinetic parameters/ bioavailability which mainly contributes to the observed blood or plasma concentration time profiles. 

Types of study designs for Bioavailability:

(A) Parallel Design

The purpose of bioavailability experimental design is to minimize the experimental variables and to avoid a bias. In a parallel design, two selected formulations are administered randomly to the volunteers. It can also be administered to the two groups of volunteers. In order to avoid prejudices, formulations may be administered randomly to the volunteers or the so called subjects. The major disadvantage of this design is that the inter-subject variations cannot be rectified with precision. It has been postulated beyond doubts that most of the times inter-subject variations are generally larger than the variations observed in the formulation. Therefore, a cross-over design is preferred over other pattern of studies for bioavailability / bioequivalence so as to eradicate the effect of a inter-subject variation.

(B) Cross over Design

Usually, a substantial inter-subject variability enlisted in the drug levels that are achieved from given dose of medicament in a group or separate class of subjects. The cross over design has an advantage over the above design that it minimizes the effect of inter-subject variability in the bioavailability study by managing each subject as his or her own control. Generally, two types of cross over designs are used in bioavailability trails. They are 

(1) Latin Square Cross Over Design

A standard approach while the commencement of a comparative bioavailability study is to use a randomized, balanced, cross-over design. The salient features of this design are:

 1. Each subject receives just one formulation, and

 2. Each formulation is administered just once in each study period.

In the very two ways cross over design, 12 subjects are selected and divided into two groups which are then used to study the bioequivalence of two formulations, treatment A and treatment B. During the first study period, subjects from 1 to 6, among the twelve are entitled to receive treatment A, while subjects 7-12 are given treatment B. The second study period is initiated after the washout period which is a period of time during which a complete elimination of the drug molecules and its major metabolite takes place. In the second period of study, subjects 1-6 are given treatment B while the subjects 7-12 receive treatment B. Thus each subject is maintained at his own control.

 This design has several advantages as listed below.

a. The very pattern of study curtails the effect of inter-subject variation in the study by using each subject at their own control.

b. It minimizes the carry over effects which could occur when a given dosage form severely effects the bioavailability of a subsequently administered drug dosage form since each formulation is preceded and then followed  by the administration of  other formulations or dosage forms.

c. It strongly reduces the influence of time effect on bioavailability since each and every drug dosage form is administered in every particular study period.

d. Requirement of number of subjects for the study to get meaningful results are less as compared to the other techniques.

The major disadvantages of the very design or model are:

a. This study design requires longer time to complete the study since a wash period exists between two study periods. Thus the study becomes tedious as, longer is the T-half or biological half life of the medicament, longer would be the time required to carry out compilation and inference of the data.

b.  The time consumed to complete trails on the subjects depends on the number formulations examined in the study. If the number of subjects are more then longer time will be required for the conduct and completion of the study.

c. Increased number of study periods leads to high subject dropouts and the study becomes difficult and inconvenient to proceed further.

d. Ethically medical science does not permit to carry out numerous experiments or trails on a subject continuously, especially for a longer time.

These inevitable disadvantages were effectively overcome by the “balanced incomplete block design”.

(2) Balanced Incomplete Block Design:  An efficient design so designated as balance 

incomplete blocks design or abbreviated as BIBD overcomes and does eliminates many of the difficulties and the major drawbacks that were encountered with the Latin Square design. All the lacunae in the above design have been effectively reformulated as the very model. The salient features of his design are: 

1. Each subject receives not more than two formulations.

2. Each formulation is administered the same number of times. 

3. Each pair of formulations occurs together in the same number of subjects.

1.3 Washout Period

Washout period also called as wash period is defined as “The period of time between two treatments”. It is essentially required for elimination of a drug substance or a medicament so as to overcome the carryover effect that possesses a great potential to modify the calculations and assessment of the data. For most of the drug dosage forms it is believed that a period of at least 10 half lives should be implemented between treatments in order to facilitate the proper elimination of medications administered. With an aim to ensure an elimination of 99.9% of the administered dose of drug from the dosage form and a maximum carryover of less than 0.1% from the half-life and the amount of the drug administered it is requisite that the number of formulations to be evaluated is limited and generally fixed.

1.4 Drug Products

(a) Test Products: 
Test products generally used for the bioavailability studies can be a  new drug formulation developed and processed by a pharmaceutical technologist or new dosage form reformulated for an existing pharmacological agent. In order to select the best test product dosage form for a new drug moiety or for an existing drug substance among different dosage forms e.g.; Tablets, Capsules, emulsion etc., for the bioavailability studies, the selection of test products are governed by the critical features like the equal performance in in-vitro dissolution and other tests so as facilitate the comparison of biological performance of a test product to that of a recognized standard. 

(b) Reference standard:  
The standard drug substance or formulation that is used as a reference for the test product is called as “Reference Standard”.  The new or recently developed chemical substance or generic product or the medicament has to be compared with some standard dosage form so as to attest its in vivo performance along with the therapeutic performance. The Food and Drug Administration (FDA) accepts any drug product as reference standard provided that it complies with the specified standards of a drug substance or a medications to be used as reference standard like: purity, quality, strength, identity etc.

Such aspects are taken into account with an objective to select the best formulations among different formulations available.

1.5 Administration of Drug Products

The Administration of dosage form to the subjects must be randomized. Following the administration of the drug products, blood samples are withdrawn from the subjects at a predetermined time schedules or periods. It takes a certain period of time during withdrawal of blood samples from each subject, and the total time difference between the withdrawal of samples from first subject and that of the last subject as far as possible should range from 10 to 20 minutes. This further depends upon the number of subjects chosen and the technicians employed in the study. The error between the time of administration and the time of sampling may occur due to variation in the sample withdrawal accuracy and efficiency. This very error with the pace of time may become additive in nature as the study proceeds from one treatment to another. To overcome this type of variation in sampling, a randomized administration of drug products is a better way.

1.6 Sampling

Prior to the commencement of the study, it is essential to plan the frequency and the number of biological samples to be taken so that the actual or calculative bioavailability study can be effectively accomplished. If the study aims is focused at using blood level data or information so as to evaluate a given dosage form , the major estimation of the area under the serum concentration versus time curve or from plasma concentration time profile, peak serum concentration and time of peak serum concentration is mandatory for the bioavailability study to proceed further. Therefore the duration of sampling along with the frequencies of sampling is very important and significant factors to be considered with priority. The sampling scheme or the sampling procedures should be frequent enough to define the major phases of drug metabolism like absorption phase, the peak, and the elimination phase as it clearly verifies the movement and the changes that drug undergoes during its time course in the body. 

1.7 Selection of Subjects
Healthy subjects are essentially required for the bioavailability studies. If it is postulated that healthy subjects are to be selected and volunteered, the major concern becomes the specification of important features of healthy subjects. Healthy volunteer is actually the subject who demonstrates an overall good state of physical as well as mental health. This good physical and mental health is verified by the following invaluable characterization tests performed on the subjects. It is ascertained by the very features like temperature, pulse, respiration, blood pressure, and laboratory tests on blood (RBC count, WBC count, blood sugar, etc. Depending upon the type of the drug products and its formulated dosage form taken for the study, certain eclectic tests may be either included or excluded. Sometimes extensions of the tests are desirable and might be required to be performed. Age, sex, and body weight are also potent factors which influences the blood profile of a medicament or a drug substance. 

Generally 21-year old male subjects who weigh about 150lb are perfect volunteers for the study. The entire Medical history of the subject and any genetic predisposition is also been reviewed critically by a panel of expert and adroit technicians of the very field.

1.8 Study Conditions

The subjects so selected are to be maintained on a controlled diet. The major condition essentially required for the conduct of these studies is that none of the volunteered subjects should have taken any drug at least one week prior to the commencement of the study. Before the bioavailability comes into action, the study conditions has to be specified and elaborated such as the fasting period, time period before administration, time period after administration of the drug product during which fasting is continued, standard diet to be given after fasting, type and the quantity of food( liquid) is advisable to be given etc. Both the quality as well as the quantity of food products may be anything solid or liquid has greater potential to affect the drug intake and finally its physiological response.

1.9 Analysis of Biological Samples

This is again a very significant aspect of bioavailability protocol. Mostly the biological samples are collected as per the standard sampling procedures which have to be analyzed immediately after the study. But for major times, the samples are stored for long period of time ranging from several days to even for a week or two before they are projected to a chemical and biological analysis. The proper storage of biological samples is the most critical aspect to be achieved during the bioavailability study.  Since during the storage period, there is possibility that the sample might undergo a chemical degradation, deformation; adsorption on to the walls of the containers etc.which actually may lead to strong degenerating effect on the pharmacological performance of the very drug. 

1.10 Methods of Assessment

There are several methods for the assessment and compilation of bioavailability study data in humans. The selection of a method for the evaluation of study mainly depends upon the major concern of the bioavailability study protocol, nature of the dosage form, and the analytical method usually implied for the drug measurement. The methods available and widely implemented for the assessment and analysis are classified as pharmacokinetic methods and pharmacodynamic methods. 

The two broad classifications of methods for assessment are:
(A)Indirect Methods of Pharmacokinetics Methods

The important pharmacokinetic parameters that are used in determining the bioavailability of a drug substance from a drug product is based on indirect methods that are:           

 1. Plasma Data: This mainly includes the following,
· The time of peak plasma concentration

· The area under the curve [AUC].

· The peak plasma concentrations

  2. Urine Data: This mainly incorporates the following, 

· The rate of drug excretion in the urine

· The cumulative mount of drug excreted in the urine

· The time for maximum urinary excretion. 

The different types of graphs which are plot for the assessment of bioavailability studies are given below:

PLASMA CONCENTRATION –TIME PROFILE
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URINARY EXCREATION DATA

There are two plots under his category: they are: [image: image3.png]Rate of urinary
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(B) Direct Methods or Pharmacodynamics Methods

The direct methods are also applicable in case the above technique does not satisfy the study. The pharmacodynamic methods are based on the assumptions that the drug concentration in the blood or drug concentration excreted in the urine is usually related to the observable therapeutic effect or therapeutic index. These methods are used when the assessment of bioavailability by pharmacokinetic methods is not feasible due to non-availability of a selective and sensitive analytical method for the measurement of the drug. Also when the analytical methods used for assessments actually is deficient in accuracy and precision /or even when it lags behind in reproducibility. The two major pharmacodynamics methods are:

1. Acute Pharmacological Effect

2. Clinical Response

I. Measurement of acute pharmacological effect

For the estimation of acute biological or pharmacological effect and the bioavailability of a drug product accurately by this method, the following criterion is mandatory.

· An estimated dose-related response curve

· An easily measurable pharmacological response such as heart rate, ECG, blood pressure, pupil diameter, etc.  Practically, the pharmacological response is measured at different intervals of time following the administration of a drug product. The observed pharmacological effect is plotted against the time in order to get a smooth and reproducible curve. The area under this curve is defined as the measure of performance of the drug product; this is then further used for the estimation of bioavailability. The main shortcoming or flaw of this method of estimation is that a perfect linear relationship between the drug levels in the blood and observed pharmacological response is usually difficult to obtain.

II. Clinical Response

This method has more over theoretical application as compared to practical applications.  Philosophically, this method of bioavailability assessment appears to be the most effective and successful method among all the other methods stated so far. But, practically, it is not at all feasible. This is mainly due to the reason that there are adverse and unavoidably large observed differences in therapeutic responses following different formulations of a drug product which alone cannot be attributed to the formulation. Differences in the clinical responses or the therapeutic action are actually due to the differences between both the pharmacokinetic and pharmacodynamic parameters of the drug substance among the individuals. 

The drug moiety can be available to the systemic circulation from a drug product at a proper rate and to a sufficient extend, i.e. it may have optimum rate of absorption and duration of action but may not elicit a clinical response or the desired pharmacological response in an individual because his receptors are less sensitive or inert to the drug as compared to the others drug products. This is because of the differences in pharmacodynamics of the drug in a particular patient. Various factors are there affecting pharmacodynamic behavior e.g. drug tolerance, drug interactions, etc.

PHYSICAL METHODS OF ESTIMATION

Physical methods which are explained below can also be employed for the very purpose.

I. Cut and Weight method:-

Plotting the plasma concentration –time profiles on smooth paper may be cut in according to the type of curve obtained and is then weighed on an electronic balance machine. The weights of corresponding plot thereby reveal a direct relation with the area under the very cures or the respective AUC’s. The weights so obtained re then converted into absolute bioavailability.

II. Planimeter methods:

Area under plasma –concentration time curve can be produced using a planimeter which is defined as a precision instrument which facilitates the calculations of AUC by outline tracing technique.

III. Trapezoidal method:

Major AUC calculations are usually conducted using this method which involves the division of an entire curve or plot into small, individual trapezoids whose area are calculated and then finally added up to obtain the complete area under the curve.
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The entire calculation can be uniquely given by the following way: 

AUCt = (C0+C1)/2 * (t1-t0) + (C1+C2)/2 *(t2-t1) +…..(Cn-1+Cn) /2 (tn-tn-1).

IV. Integration Method:

This includes the calculation of changing rate of plasma concentration of drug with respect to time. This rate of change for plasma concentration is given by the following relationship i.e.;

Rate of change= rate of absorption – rate of elimination

dc/ dt = KaXa – KeX;

Ka is the rate of absorption, Ke is the rate of elimination while Xa and X are the concentration of drug in the gastrointestinal fluid and the body respectively.

The above was a brief overview of bioavailability study protocol with some of its specification and essential features. This provides us with a glimpse of the depth to which the drugs are evaluated for numerous aspects but is designate as a small word called “Bioavailability or Bioequivalence” which is actually the heart and sole of therapeutic response of a drug moiety in a given drug product..
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