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Abstract 
A BCS-based biowaiver for generic drugs requires high drug solubility throughout the physiological pH range 
plus identical product quality and near-identical reference product content to meet recommendation standards 
outlined by the 2017 FDA Guidance. The International Council for Harmonization gave its authorization to these 
procedures during 2018. The FDA employs identical terms while discussing BCS-based biowaiver approvals for 
BCS class III medications (highly soluble but partially permeable substances). The development of IVIVC using 
traditional mass balance deconvolution methods becomes improbable for BCS III medicines when extremely rapid 
dissolution occurs. Physiologically based pharmacokinetic models separate different processes which shape the 
given function by analyzing dissolution and gastrointestinal transit and permeation. IVIVC development through 
various compartmental absorption and transit model modifications enables drug companies to obtain biowavers 
for BCS III medications. Some questions about this topic continue to remain unanswered. A systematic assessment 
of PBPK model development for IVIVC and biowaiver applications leads to identifying essential challenges and 
gaps in this area through this review. The paper advocates for further research on excipient dissolution alongside 
penetration effects alongside development of virtual clinical study simulations that unite in vitro data with in vivo 
bioequivalence confirmation.
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Introduction
Pharmacological substances receive classification through the 
BCS framework based on their intestinal permeability combined 
with their water solubility characteristics [1]. Intestinal perme-
ability, dissolution rate, and solubility represent the three deci-
sive elements which shape how rapidly and in what amount IR 
solid oral-dosage forms absorb medication through oral routes 
according to the BCS system. The criteria link to measured in 
vitro dissolution properties of drug products. The Biopharma-
ceutics Classification System (BCS) functions as a beneficial 
instrument for pharmaceutical development while also provid-
ing regulations for in vivo bioequivalence research exemptions. 
BCS provides a scientific explanation for describing the three 
key rate-limiting factors that affect oral absorption through its 
detailed descriptions.

(1)	 Drug release from the dose mechanisms

(2)	 The drug exists in dissolved form throughout the entire 
gastrointestinal fluid system [2].

(3)	 Drug compounds accessing the hepatic circulation 
through the GI membrane [3].

BCS class definitions start with the maximum strength found 
in IR products to determine drug solubility. A drug substance 
meets the highly soluble classification standard when its highest 
possible dosage strength completely dissolves in 250 milliliters 
or below of aqueous solution with a pH rating between 1.0 and 
7.5. Otherwise, the classification is poor. The standard bioequiv-
alence research approach that tests drugs on fasting volunteers 
using glass water amounts to 8 ounces gives rise to the 250 mL 
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volume estimate. The permeability classification of medication 
substances is determined through measurements of human intes-
tinal absorption rates or it derives from direct intestinal mem-
brane permeability data [4].

Through USP Apparatus I at 100 rpm or USP Apparatus II at 50 
rpm in solutions no larger than 900 milliliter, the product qual-
ity control evaluates the drug ingredient for its dissolving time. 
Based on the medications' solubility and permeability in the GIT 
mucosa, the BCS divides them into four basic classes. These dis-
tinct divisions are found in each class of the biopharmaceutical 
categorization system.

Class I: It is classification represents medications with strong 
permeability and solubility properties leading to maximum ab-
sorption in the body.
Class II: Medications having low solubility and strong permea-
bility, absorb into body at a rate which depends on how fast they 
dissolve.
Class III: Low permeability, high solubility, and permeabili-
ty-limited absorption

Class IV: Very low oral bioavailability because of low solubility 
and restricted permeability [5].

The Objectives:
•	 In vivo pharmaceutical efficiency evaluation relies on 
in vitro measurement data regarding permeability and solubility.
•	 It is necessary to identify a class of oral immediate-re-
lease solid forms of medication since in vitro dissolving studies 
can verify their bioequivalence.
•	 The paper presents systems which help classify phar-
maceutical substances through analysis of their permeability 
characteristics combined with their solubility properties along 
with their dosage form dissolution properties [6].
•	 The author proposes criteria to enable scientists to 
recognize disposable clinical bioequivalence tests that would 
maximize drug development and review process success.
•	 The research presents classification methods which 
combine permeability and solubility characteristics of products 
with dosage form dissolution abilities [7].

Figure 1: The Illustration of BCS classification

Class I
The drug exhibit rapid absorption as well as dissolution 
inside the body similar to how oral dose work. Because Class 
I medicines rapidly absorb and dissolve within the body the 
measurements of bioequivalence together with bioavailability 
become irrelevant for these medications. The medications 
qualify as suitable controlled drug administration options 
when they demonstrate pharmacokinetic and pharmacody-
namic suitability for the point. The drug molecules that release 
in these situations can be made of diverse substances such as 
constant surface area drug delivery shuttles, single composi-
tion osmotic tablet systems, microspheres, and multiporous 
oral drug absorption systems. The drug delivery approaches 
include matrix diffusion control systems and dual release drug 
absorption systems as well as granulated hydrogel systems and 

delayed pulsatile hydrogels together with stomach protective 
for absorption of drug and technology for Drug Delivery using 
pelletized pulsatile delivery systems and microparticles, as well 
as bioerodible improved medication absorption systems that 
are spheroidal, configurable, and comprise hydrogels for solu-
bility control and the stabilizing mechanism of pellet delivery 
systems.

Class II
Drug dissolution rate determines bioavailability at this classi-
fication because molecules exhibit high permeability yet poor 
solubility. The pharmaceutical compounds display different 
bioavailability parameters which need multiple dissolving en-
hancement methods to boost their available quantities within 
the body. The medication design can incorporate controlled 
release functionality in products from this category. The list of 
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pharmaceutical techniques includes solid dispersion methods to-
gether with emulsion or microemulsion systems and surfactants 
and lyophilized fast-melt systems and classical micronization 
and complexing agents such as cyclodextrins. Nanosized car-
riers such as nanoemulsion, nanosuspension, nanocrystals and 
Zer-Os tablet technology and Triglas, Soft Gel as well as the 
osmotic system have proven best in enhancing water-insoluble 
compounds' bioavailability by improving their solubility levels.

Class III
It is class of pharmacological substance requires intestinal mem-
brane penetration to determine their absorption speed as their 
rate-limiting step. The bioavailability rate controls medication 
release from dosage forms because absorption limits based on 
how quickly permeation occurs. The ranitidine drugs with differ-

ent dissolution properties produce the same plasma concentra-
tion-time profile when administered in vivo. The pharmaceuti-
cal ingredients possess low absorption potential so permeability 
enhancement becomes essential. Producing medications with 
controlled release features remains difficult for industries today.

Class IV
In this class, the drugs exhibit weak bioavailability together with 
variable responses. Intestinal permeability, stomach emptying, 
and drug dissolving rate are some of the variables that affect ba-
sic bioavailability. Oral administration is generally inappropriate 
for these medications but nano-suspensions and other drug de-
livery systems represent suitable options when medication use 
by mouth becomes necessary [8].

BCS Classification of Drug with Examples

Main Purpose of BCS
Boundaries of BCS Class
The BCS classification can be determined through the border 
properties of solubility and permeability and dissolution.
•	 Solubility: When a drug dissolves fully in 250 millili-
ters of water with a pH between 1 and 7.5 at 37 degrees Celsius, 
it is said to be very soluble.
•	 Permeability: A pharmacological substance demon-
strates high permeability when its absorption reaches or exceeds 
90% of dose intake based on mass-balance methods or intrave-
nous reference dosage comparison.
•	 Dissolution: It takes place when drug substance ingre-
dients reach 85% dissolution rate within 30-minute USP Appa-
ratus 1 or 2 testing using 900 mL or less buffer solutions thus 
establishing the drug product as quickly dissolving [9].

An Essential Term Under BCS
Bioavaibility: Bioavaibility represents the speed along with de-
gree to which medications and their active elements enter blood-
stream for delivery to the place of action.

Bioequivalence: The same doses of two medication products 
become bioequivalent when their bioavailability exhibits simi-
lar absorption characteristics under similar testing environments 
[10].

Biopharmaceutics Drug Disposition Classification System 
(BDDCS): The system described by Wu and Benet functions 
as an analytical tool that predicts the characteristics of drug dis-
position. The assessment system evaluation relies on data about 

High Solubility Low Solubility

CLASS 1 CLASS 2

Captopril Itraconazole

Enalapril Verapamil

Diltiazem Piroxicam

Labetolol Diclofenac

Phenylalanine Phenytoin

Antipyrin Carbamazepine

Metoprolol Flurbiprofen

Propranolol Ketoprofen

CLASS 3 CLASS 4

Verapamil Terfenadine

Naproxen Furosemide

Itraconazole Cyclosporine

Piroxicam Chlorothiazide

Flurbiprofen Neomycin

Ketoprofen Ritonavir

Carbamazepine Ellagic acid

Phenytoin Colistin

Diclofenac Chlorthalidone
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solubility behavior alongside the rate of membrane permeation 
and the quantity of metabolic breakdown. This document re-
views published BDDCS collection papers while assigning 
BDDCS classes to recently approved medications. Within its 
content the document presents documented sources used for 
parameter statements and it adjusts several previously recorded 
classification groups. This work examines how BDDCS clas-
sification benefits drug development projects before human or 
animal dosing of new molecular entities and reviews BCS class 
assignments versus BDDCS classifications when both systems 
exist. Furthermore it modifies the proposed solubility standards 
for prehuman-dose drug classification [11].

Solubility: The GI tract absorption of new chemical entities re-
mains restricted due to their low solubility rates which range 
between 40–70% of total compounds identified today [12]. Re-
search has identified key molecular features which determine 
poor aqueous hydration along with examination of strong crys-
tal lattices preventing solubility. Compounds with stretched and 
rigid shapes that typically appear flat will remain soluble only 
when existing in the solid phase. These structural characteristics 
allow molecules to form tight crystals by engaging in H bonds, 
π–π stacking interactions as well as Van der Waals contacts re-
sulting the strong intermolecular binding. The solvation-limited 
molecules, in contrast, are lipophilic, pliable, and bigger [13]. 
Furthermore, certain intermediate compounds have a weak sol-
vation and a strong crystal lattice. These molecules usually have 
a strong hydrogen bonding ability inside the crystal lattice and 
are tiny, stiff, and extremely lipophilic. Therefore, medicinal 
chemists can use the underlying molecular cause of low solubil-
ity to guide their techniques for improving water solubility [14].

Permiability
Absorption data obtained during human pharmacokinetic in-
vestigations using absolute efficiency and equilibrium balance 
techniques should be the preferable approach for assessing per-
meability. High permeability between the medication molecules 
and absorption vessels is indicated by a bioavailability rate of at 
least 85%. If the total percentage recovery of the parent medi-
cation plus Phase 1 oxidative metabolites and Phase 2 conjuga-
tive metabolites in urine surpasses 85% of the dosage that was 
delivered, high permeability may be deduced. Oxidative and 
conjugative metabolites serve as the entire basis for metabo-
lite evaluation in feces. A scientific demonstration pointing to 
metabolite formation occurring after gastrointestinal absorption 
requires confirmation in order for reduction or hydrolysis me-
tabolites to be excluded. The quantity of parent drug present in 
feces that stemmed from intestinal secretion or biliary excretion 
or resulted from unstable metabolite breakdown by microbial 
action should not be included in the absorption assessment. A 
pharmacological substance requires proof of high permeability 
to avoid BCS classification for low permeability [15].

Dissolution
It is the procedure in which a solid medicinal ingredient, such as 
that found in a tablet or capsule, decomposes and dissolves in a 
solvent, such as the fluids of your intestines or stomach, to cre-
ate a solution. A drug's efficacy is ultimately determined by how 
quickly and how much of it is absorbed into the bloodstream, 
which is directly impacted by its rate and degree of breakdown. 
It is the process by which a solute dissolve into a solvent to form 
a solution combination. Using USP equipment 1 at 100 rpm or 
apparatus 2 at 50 rpm in 900 mL of buffer solutions (0.1 N HCl/
pH 4.5 buffer/pH 6.8 buffer without enzymes), when 85% of the 
indicated amount of drug ingredient dissolved in 30 minutes, the 
drug product indicates to have rapid dissolution [16].

indicated amount of drug ingredient dissolved in 30 minutes, the 
drug product indicates to have rapid dissolution [16].

In vitro Dissolution Testing: One popular technique for fore-
casting a medicinal product's in vivo (in the body) dissolve be-
haviour of drug product.

Studies on Bioequivalence: To ascertain whether several for-
mulations of the same medication dissolve and absorb similarly, 
dissolution profiles are utilized [17].

Comparable in vitro dissolving properties (f2 comparison) in 
each of the specified circumstances. Test product from a mini-
mum 100,000 units, or 1/10 of the production size [18].

A Drug Product's Eligibility for A Biowaiver Based on BCS
When a single therapeutic dose fails to meet high solubility 
thresholds but the reference product meets or surpasses such 
standards under pertinent testing parameters, pharmacokinetic 
analyses of AUC and Cmax at different doses that include the 
highest therapeutic quantity offer evidence in favor of BCS-
based waivers. Drug products that are absorbed sublingually or 
buccally do not have a BCS-based biowaiver application. Fur-
thermore, the application of the BCS-based biowaiver technique 
is limited to situations in which the administration route involves 
water. If it is also expected that the product will be administered 
without water, a bioequivalence study should be conducted in 
which the product is dosed without water (for example, orodis-
persible products). To be qualified for a BCS-based biowaiver, 
a medicinal product must fulfill specifications for its excipients 
and in vitro dissolving ability. The BCS- based biowaiver crite-
ria apply to drug products that depends upon specific conditions 
including being immediate-release oral systemic dosage forms, 
having equivalent formulations and strengths as the reference 
product and meeting solubility and permeability requirements 
of BCS Class I and III [19].
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Figure 2: Dissolution (%) and Time(min) graph

Application of Biopharmaceutics
• Therapeutic formulation and design, as well as the assessment 
of novel therapeutic candidates, are significantly influenced by 
biopharmaceutics. For example, many medications have prob-
lems with stability or solubility, which might hinder proper ab-
sorption. To enhance absorption, biopharmaceutical researchers 
respond by using methods including pH adjustment, particle size 
reduction, and the creation of prodrugs— inactive substances 
that the body changes into active medications.

• Biopharmaceutics helps the generic medicine industry develop 
cost-effective substitutes for name-brand drugs without sacrific-
ing efficacy or quality. The strict bioequivalence testing crite-
ria in this industry are crucial to helping patients all across the 
world receive safe, easily available drugs.

• The European Medicines Agency (EMA) and U.S. Food and 
medication Administration (FDA) use biopharmaceutic data for 
assessing new medication applications. Biopharmaceutic evalu-
ations confirm medication safety and performance requirements 
before granting availability to the general public. These rules 
also mandate testing of medication stability alongside solubility 
and dissolution rates because both influence how a drug func-
tions in the body

• Primary focus of biopharmaceutic research is always patient 
safety. Researchers can customize therapies to reduce side ef-
fects by knowing how different patient populations react to 
different medications. For example, formulations that take into 
consideration genetic variations in drug metabolism might be 
developed using personalized medicine techniques, resulting in 
safer and more efficient treatments [20].

BCS Exclusion

indicated amount of drug ingredient dissolved in 30 minutes, the 
drug product indicates to have rapid dissolution [16].

In vitro Dissolution Testing: One popular technique for fore-
casting a medicinal product's in vivo (in the body) dissolve be-
haviour of drug product.

Studies on Bioequivalence: To ascertain whether several for-
mulations of the same medication dissolve and absorb similarly, 
dissolution profiles are utilized [17].

Comparable in vitro dissolving properties (f2 comparison) in 
each of the specified circumstances. Test product from a mini-
mum 100,000 units, or 1/10 of the production size [18].

Drugs with a Limited Therapeutic Range: This guideline mentions 
that products having a narrow therapeutic range designation in 
their label require specific drug substances that need pharmacody-
namic effect monitoring alongside therapeutic drug concentration 
evaluation. The drug substances digoxin, lithium, phenytoin, the-
ophylline and warfarin represent various BCS type recommenda-
tions. All firms must consult with their assigned review division to 
learn if their product meets the narrow therapeutic range require-
ments since pharmacodynamic and therapeutic drug concentration 
monitoring does not automatically classify a drug as part of that 
framework [21].

Materials Meant to be absorbable in the Oral Cavity: The BCS 
cannot justify waiving necessary in vivo BA/BE tests when deliv-
ering drugs through the mouth or via the buccal route or sublingual 
forms [21].

Conculsion
As shown through the provided examples a redefined BCS ap-
proach helps assess pharmaceutical substances for oral sus-
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tained-release delivery by providing a simple method to identify 
which drug features are most likely to affect oral absorption. Reor-
ganizing the dissolution number equation allows scientists to cal-
culate the dissolving rate sensitivity across multiple particle sizes. 
The concept of solubility limited absorbable dose (SLAD) permits 
analysts that identify doses that can lead to intestinal solubility re-
stricting oral absorption. When designing methods for optimum 
formulation and identifying prospective critical quality attributes 
(CQAs), it is also useful to see which aspects are most likely to 
compromise a drug's in vivo performance [22].
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