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Abstract

Pharmacokinetics has now emerged as an important part of drug development especially in the development of new drugs. The combined studies of Pharmacodynamics and pharmacokinetics present a thorough understanding on how the drug affects the body and how the body affects the drug. Bioavailability is the study of the rate and extent to which the active ingredient is absorbed from a dosage form and it is available at the required action site. Bioequivalence is that there should not be any significant difference in bioavailability between two products. Bioavailability (BA) and bioequivalence (BE) studies play a key role during the phase of drug development for both innovator drugs and generic drugs and thus have gained great attention over the past few decades. BE is used to introduce generic drugs of innovator drugs at a lower cost. So a thorough understanding of these BA/BE studies is required.
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Introduction

Generic products need to be of the same standards of quality, efficacy and safety as that of the original product. The Generic product should be therapeutically equivalent and interchangeable with the innovator product [1-3]. Such comparative studies are termed as Bioavailability & Bioequivalence Studies which have emerged as very important issues in the evaluation studies of drug products [3]

The expiry of patent of many biopharmaceutical drugs which are the block buster drugs for many chronic diseases encourage the evolution of generic drugs in the market with reduced costs and so BABE studies becomes an emerging are of study in the development of generic drugs [4-6].

Studies used to define bioequivalence between two different products are important especially for drugs that require fast absorption and onset of action [7].

The European Medicines Agency (EMA) and FDA have released guidance for the bioequivalence (BE) [8] FDA publishes a list approved products with their Equivalents in a book called “Orange Book”.

Bioavailability

According to FDA, Bioavailability is the rate and extent to which the active ingredient or is absorbed from the dosage form and is available at the required site of action [9].

Types

1. Relative bioavailability [10]

When the systemic bioavailability of a drug after administered orally is compared with that of an oral standard of the same drug (aqueous or non aqueous solutions). It is denoted by symbol (Fr).

2. Absolute bioavailability [11]

It compares the bioavailability of the active drug administered through non intravenous routes such as after oral route, rectal route, transdermal route, subcutaneous route, or sublingual route of administration and comparing the bioavailability of the same drug administered intravenously.

Bioequivalence

According to FDA, Bioequivalence is the similarity in the rate and extent of active ingredient in pharmaceutical equivalents available at the site of action [12,13].

Bioequivalence studies are as vital concern in drug development process, which are required for small changes in drug products that develop during drug development to ensure that the dosage forms prove to be safe and effective. Moreover, bioequivalence has proven even more significant in case of drugs with narrow therapeutic index

Types

1. Chemical equivalence

When two or more drug products contain the same chemical substances as active ingredients in the same ratios [14,15]

2. Therapeutic equivalence

Drug substances are pharmaceutical equivalents when their bioavailability profiles are similar and their safety and efficacy can be assumed to be equal [16]

3. Pharmaceutical equivalence

Drug products that are identical in strength, quality, purity, content uniformity and disintegration and dissolution characteristics are said to be Pharmaceutical equivalents [17].

Classification of Ba-Be Studies

1. Pharmacokinetic endpoint studies

2. Pharmacodynamic endpoint studies

3. Clinical endpoint studies

4. In vitro endpoint studies

Requirement of Babe Studies

• During the administration of new drugs parenterally which contain the same active substance as that of the innovator drug.

• During the administration of new drugs orally which contain the same active substance as that of the innovator drug.

• During the administration of a new drug in the form of a gas

• During the administration of a new drug in the form of a powder to be reconstituted before usage

• During the introduction of new drugs for ophthalmic purposes

• During the administration of a new drug used as inhalations

Workflow of Ba-Be Studies

• Study design and protocol

• Bioanalysis

• Selection of appropriate analyte

• BE metrics and data treatment

• Statistical approaches and analysis

Study Designs for Babe Studies

1. Randomization [18]

2. Replication and Error control [19]

3. Cross over designs [20]

Features Studied During Babe Studies

• Enantiomers show different pharmacodynamic characteristics

• Enantiomers show different pharmacokinetic characteristics

• Primary safety resides

• Nonlinear absorption

Some Examples of Babe Studies

1. Bioequivalence of Flogofin® & Profenid ® in Latin American Volunteers [21].

2. Bioequivalence of Canagliflozin/Metformin Combination Tablets Compared with simultaneous administration of Single Components of Canagliflozin and Metformin [22].

3. Bioequivalence of Omeprazole Delayed-Release Capsules [23].

4. Bioequivalence comparison of Generic Formulation of Erlotinib Hydrochloride Tablets versus Tarceva [24-25].

Acknowledgement

This content of the article is scrutinized and approved by M. Murali and written by Pratibha Muntha

References

	[bookmark: 1]Tamboli AM, Todkar P, Zope P, Sayyad FJ (2010) An Overview on Bioequivalence: Regulatory Consideration for Generic Drug Products. J Bioequiv Availab 2: 086-092.
	[bookmark: 2]Lu Y, Chow SC, Zhu S (2014) In vivo and In vitro Bioequivalence Testing. J Bioequiv Availab 6: 067-074.
	[bookmark: 3]Karwa M, Arora S, Agrawal SG (2013) Recent Regulatory Amendment in Schedule Y: Impact on Bioequivalence Studies Conducted In India. J Bioequiv Availab 5: 174-176.
	[bookmark: 4]Setiawati E, Deniati SH, Yunaidi DA, Handayani LR, Harinanto G, et al. (2009) Bioequivalence Study with Two Naproxen Sodium Tablet Formulations in Healthy Subjects. J Bioequiv Availab1: 028-033.
	[bookmark: 5]Krishnaiah YSR (2009) Bioequivalence of Follow-on Biologics or Biosimilars. J Bioequiv Availab 1: i-ii.
	[bookmark: 6]Srinivas NR (2011) On the Topic of Bioavailability/Bioequivalence-Challenges with Polymorphic Metabolism. J Bioequiv Availab 3: vii-viii.
	[bookmark: 7]Usman S, Alam A, Nadeem N, Khawar R, Intesar Z (2013) Biowaiver Studies of Atenolol Tablets (100mg) - An Alternative to In Vivo Bioequivalence Studies. Nat Prod Chem Res 2: 125.
	[bookmark: 8]Najib NB, Salem I, Hasan R, Idkaidek NM (2009) Effect of Truncated AUC Method on Drug Bioequivalence in Humans. J Bioequiv Availab 1: 112-114.
	[bookmark: 9]Tsume Y, Amidon GL, Takeuchi S (2013) Dissolution Effect of Gastric and Intestinal pH fora BCS class II drug, Pioglitazone: New in vitro Dissolution System to Predict in vivo Dissolution. J Bioequiv Availab 5: 224-227.
	[bookmark: 10]Abu-Basha EAH, Gehring R, Al-Shunnaq AF, Gharaibeh SM (2012) Pharmacokinetics and Bioequivalence of Florfenicol Oral Solution Formulations (Flonicol® and Veterin®10%) in Broiler Chickens. J Bioequiv Availab 4: 001-005.
	[bookmark: 11]Dewan B, Sahu N (2010) Bioequivalence Study of Troxipide Tablet Formulations. J Bioequiv Availab 2: 050-054.
	[bookmark: 12]Tamboli AM, Todkar P, Zope P, Sayyad FJ (2010) An Overview on Bioequivalence: Regulatory Consideration for Generic Drug Products. J Bioequiv Availab 2: 086-092.
	[bookmark: 13]Khandave SS, Onkar SV, Sawant SV and Joshi SS (2010) Evaluation of Performance of the Truncated Area under Curve (AUC) as a Primary Pharmacokinetic Parameter in Bioequivalence Studies. J Bioequiv Availab 2: 077- 080.
	[bookmark: 14]Latha S (2011) Nontraditional Study Designs for Proving Bioequivalence. J Bioequiv Availab 3: ix-000.
	[bookmark: 15]Akarasereenont P, Chatsiricharoenkul S, Pongnarin P (2012) Bioequivalence Study of 1,500 mg Glucosamine Sulfate in Thai Healthy Volunteers. J Bioequiv Availab 4: 091-095.
	[bookmark: 16]Zhao Q, Purohit V, Cai J, LaBadie RR, Chandra R (2013) Relative Bioavailability of a Fixed-Combination Tablet Formulation of Azithromycin and Chloroquine in Healthy Adult Subjects. J Bioequiv Availab 5: 001-005.
	[bookmark: 17]Wagh N, Gayakwad NJ, Christina AJM, Bhople A, Thakre A (2013) A Bioequivalence Study of Two Finofibrate Tablet Formulations in Indian Healthy Subjects. J Bioequiv Availab 5: 016-021.
	[bookmark: 18]Basso AMM, Grossi de SÃ¡ MF, Pelegrini PB (2013) Biopharmaceutical and Biosimilar Products in Brazil: From Political To Biotechnological Overview. J Bioequiv Availab 5:060-066.
	[bookmark: 19]Chik Z, Deril NM, Didi EMH, Basu RC, Ratnasingam J, et al. (2014) A Bioequivalence Comparison of Two Captopril Formulations (25 mg Tablets): An Open-Label, Randomized, Two-Treatment, Two-Way Crossover Study in Healthy Volunteers. J Bioequiv Availab 6: 080-085.
	[bookmark: 20]Chow SC, Endrenyi L, Chi E, Yang LY, Tothfalusi L (2011) Statistical Issues in Bioavailability/Bioequivalence Studies. J Bioequiv Availab S1.
	[bookmark: 21]Bapuji AT, Venkata Ravikiran HL, Nagesh M, Syedba S, Ramaraju D, et al. (2010) Bioequivalence Testing - Industry Perspective. J Bioequiv Availab 2: 098-101.
	[bookmark: 22]Baldo MN, Hunzicker GA, Altamirano JC, MurguÃUa MC, Hein GJ (2015) Bioequivalence Evaluation of Two Brands of Ketoprofen 50 Mg Capsules (Flogofin®&Profenid®) In Healthy Latin American Volunteers. J Bioequiv Availab 7:108-111.
	[bookmark: 23]Devineni D, Curtin CR, Ariyawansa J, Weiner S, Stieltjes H, et al. (2014) Bioequivalence of Canagliflozin/Metformin Immediate Release Fixed-Dose Combination Tablets Compared with Concomitant Administration of Single Components of Canagliflozin and Metformin in Healthy Fed Participants. J Bioequiv Availab 6:164-173.
	[bookmark: 24]Zhao Q, Plotka A, Brizuela GE, Ernst C, Gobey J, et al. (2014) Bioequivalence of Omeprazole Delayed-release Capsules in Healthy Filipino Subjects. J Bioequiv Availab 6:144-149
	[bookmark: 25]Jawhari D, Alswisi M, Ghannam M, Halman JA (2014) Bioequivalence of a New Generic Formulation of Erlotinib Hydrochloride 150 mg Tablets versus Tarceva in Healthy Volunteers under Fasting Conditions. J Bioequiv Availab 6:119-123.

 














Useful Links

	About Us
	Open Access
	Journals
	Submit Manuscript
	Contact
	FAQs





Contact Us




Research & Reviews

RROIJ-OPEN ACCESS JOURNALS FZE,

Sheikh Rashid Tower located on the Plot No. 3360301

DM Building Number 14 in the Dubai World Trade Center Complex,
Sheikh Zayed Road, Dubai











Subscribe to our Newsletter


 Enter your email address to receive all news 

from our awesome website 






Submit
 





*Don't worry you'll not be spammed













	

 All Published work is licensed under a  Creative Commons Attribution 4.0 International License 










Copyright © 2024 Research and Reviews, All Rights Reserved
 





    








