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Dissolution Specifications for Oral Drug Products  
(IR, DR, ER) in the USA – A Regulatory Perspective

Abstract
The development of a dissolution 
method with suitable specifications 
is a key part of any oral drug product 
control strategy. Dissolution testing is 
a highly important in vitro technique 
for pharmaceutical dosage form 
in development and formulation; 
under certain specified conditions, 
the in vivo dissolution test can be 
replaced by an in vitro dissolution 
test. The important point of the 
present article is that the drug 
release rate is identical batch-to-
batch. For those batches proven 
to be bioavailable and clinically 
effective to facilitate generic drug 
manufacturers in the arranging of 
dissolution limits for IR, DR and ER 
solid oral dosage form for in vitro 
purposes, USFDA had revealed 
some guidelines. The principle is to 
derive the drug product specification 
on the basis of the biobatch 
quality features. This article helps 
during dissolution development by 
providing an overview of dissolution 
specifications and acceptance 
criteria that should be considered 
for IR, DR and ER dosage forms.
 
Key Words: Dissolution testing, 
USFDA, IR, DR and ER

Introduction
In all development phases, the dissolution 
test was used for product release and 
stability testing and also for all types 
of solid oral dosage forms as a pre- 
requisite. To detect physical changes 
in active pharmaceutical ingredients 
(APIs) and in the formulation of drug, 
the dissolution test was used as a key 
analytical test. At the initial stages of 
development, to optimise the drug 
release from the formulation in vitro 
a dissolution test was used. For the 
past 50 years, to identify the effect of 
crucial manufacturing variables and 
comparative dissolution studies for 
IVIVC (in vitro – in vivo correlation), a 
dissolution test was used as a quality 
control technique. The FDA guidance on 

dissolution testing for immediate release 
solid oral dosage forms includes the use 
of the Biopharmaceutics Classification 
System (BCS) guidelines for biorelevant 
dissolution tests, which is based upon 
solubility and permeability of the API. 
As per BCS classification for potentially 
decreasing the bioavailability/bio- 
equivalence study number and 
analysing the in vivo performance of 
drug products, the most useful test is 
the in vitro dissolution test. To specify 
post-approval changes for immediate 
release oral dosage form, the in vitro 
dissolution test is used depending 
upon the FDA guidelines on SUPAC. The 
test must be robust and reproducible, 
revealing or distinguishing major 
product performance changes. The 
proposed dosage form characteristics 
and route of administration drug can be 
used to determine the given dissolution 
test.1

Dissolution Test
USP classified apparatus 1 or 2 can be 
used.

The dissolution medium must be 
used which was given in the individual 
monograph. The pH of the solution 
should keep below 0.05 units as 
specified in the monograph.2

Time
As per the monograph specifications, 
the test may be completed if the least 
amount of drug was dissolved within a 
short period of time which represents 
the single time point. If the test may 
not be completed, then two or more 
time points are considered, with an 
acceptance of ± 2 %. 

Assemble the apparatus and warm 
up the dissolution medium to 36.5° to 
37.5°C unless specified otherwise in 
the individual monograph. Withdraw a 
specimen from a zone midway between 
the surface of the dissolution medium 
and the top of the rotating blade or 
basket, not less than 10 mm from the 
wall of the vessel, within the time period 
defined or at each of the times specified.
When samples are withdrawn from the 

dissolution basket, except in the case 
of single sampling, add a dissolution 
medium volume equal to the volume of 
the withdrawn samples. Do the analysis 
as directed in the individual monograph.3 

Purpose of Specification

• In process controls, design, good 
manufacturing controls and 
process validation, development 
and necessities applied to the 
manufacturing and development 
of the drug product are used in 
the determination of drug product 
quality.

• To make sure the drug product 
efficacy, quality and safety are 
validated by selecting certain 
requirements.

• To ensure uniformity in manu- 
facturing of quality of the product.

Conventional / Immediate Release 
and Modified Release Drug Products 
Maximum immediate release drug 
compounds, i.e. tablets and capsules 
are prepared to produce the active drug 
instantly after oral consumption. No 
deliberate effort is made in preparing 
conventional drug products to alter 
the rate of compound produce; they 
immediately produce a common 
outcome in fast drug absorption, and start 
concomitantly with pharmacodynamic 
effects.4

If in case of conventional oral 
compounds having compounds, the 
pharmaodynamic action may be slow 
because of conversion by hepatic or 
intestinal metabolism of the active 
drug. Alternatively, conventional oral 
compounds which have very low 
solublility of the drug substance may 
be gradual because of slow dissolution 
in the gastric tract, and also conclude in 
a slow-dawning period. To accomplish 
a desired therapeutic objective or 
enhance patient comfort, the design 
of drug produced from a modified 
release (MR) formulation form is 
consciously alternated with that of a 
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conventional dosage form. Modified 
release compound types contain delayed 
release, extended release, and orally 
disintegrating (ODT) tablets. 

 
MR drug compounds are compounds 

that adjust the drug substance timings 
and release amount. The MR dosage 
form is a formulation where the drug 
releases over a personalised period 
and the site is selected to accomplish 
a therapeutic purpose not given by the 
conventional dosage form – solutions, 
ointments, or prompt dissolution forms.
Modified-release oral drug compounds 
are divided into many types: 

1.  Extended-release drug compound: A 
formulation which allows for at least 
a double debasement in dosage 
frequency as related to that drug in 
conventional dosage form.

 Example: Controlled release, 
sustained release.

2.  Delayed-release drug compound: 
A formulation that produces a 
separate product over a period 
rather than immediately following 
consumption. After consumption 
of an initial dose it may be released 
promptly, enteric coated drug 
compounds are popular delayed 
release compounds.

3.  Targeted-release drug compound: A 
formulation that produces the drug 
action near the intended location. 
It may have personalities of neither 
immediate nor extended release.

4.  Orally disintegrating tablet (ODC): 
After oral administration these 
disintegrate quickly into saliva, so 
ODT can be utilised with no water 
added. The compound is dispersed 
in saliva and swallowed along with a 
small amount of water, or no water.

Already the phrase ‘controlled-release 
drug compound’ is utilised to explain 
the different varieties of oral extended-
release-rate dosage forms containing 
sustained-release, sustained-action, 
prolonged-action, long-action, delay- 
release, and programmed drug delivery. 

Retarded release is a former word for 
a slow-release drug compound. Drug 
companies have introduced varieties 
of words for modified-release drug 
compounds to reflect a special pattern 

to an extended-release drug compound, 
or to utilise in marketing.

Modified-release drug compounds 
are patterned for various routes of 
consumption depending on the drug’s 
physicochemical, pharmacodynamic 
and pharmacokinetic characteristics, 
and on the properties of the materials 
used in the formulation. Now various 
words are described to explain the types 
of modified-release drug compound 
available, depending on the drug release 
peculiarities.

Table 1: Classification of USP Apparatus and Agitation Criteria5

Drug Release – Types6

1. Immediate-release dosage forms 
2. Delayed-release dosage forms 
3. Extended-release dosage forms

 
Specifications for Different Dosage 
Forms

1. Immediate-release Dosage Forms
The dissolution profile was produced 
under certain conditions such as: mild 

test conditions, basket method – 50/100 
RPM / paddle method – 50/75 RPM, in 
15 minutes. If the dissolution test was 
performed for rapid dissolving drugs, 
a sufficient sampling profile must be 
generated. For BCS class I (highly soluble) 
and class III (rapidly soluble) drugs and 
batch-to-batch consistency, there should 
be a single point specification, i.e. not 
less than 85% of the drug dissolved in 60 
minutes. A single point dissolution test 
specification of NLT 85% (Q = 80%) in 60 
minutes or less is suitable as a standard 
QC test. For BCS class 2 (poorly water 

soluble) drugs in order to classify product  
quality,  a two-point dissolution 
specification was suggested, i.e. one 
at 1 minute to include the dissolution 
range and the rest at a later point 
(30, 45 or 60 minutes) to make sure of 
85% dissolution.7

If the dissolution characteristics of  
the drug product vary every time, 
whether or not the requirements should 
be altered will  depend on the 

Figure 1: Graph Showing IR Tablets Drug Release (%) in Time (min)
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bioequivalence of the product being 
altered to the first biobatch or 
pivotal batch being demonstrated. 
The dissolution profiles will remain 
similar to those of the standard bio- 
batch or pivotal clinical trial batches 
to ensure batch-to-batch equivalence 
of the drug after SUPAC is placed in the 
market.8

The below table shows confirmation of 
a minimum quantity of active substance 
released from the dosage units tested. 
Until the results match at any point of 
S1 or S2, the test should be done by the 
three levels.

The amount of active substance 
dissolved was given in terms of Q, which 
was expressed as a % of the labelled 
content; the 5%, 15% and 25% values 
are percentages of the labelled content 
in the given table, so that the given value 
and Q are in similar terms.

Pooled Sample
Pooled sample is a method performed 
with a single point time infra-red method 
by converting the six individual samples 
of equal capacity at a given time into one 
sample, which will replace the individual 

Table 2: Acceptance Table of IR Drug Products

Figure 2: IR Dosage Form Drug Release

reading of the six single samples 
separately. 

The feasibility of pooled samples is 
the lesser samples and greater outcome 
in the lab, i.e. less time for the analysis. 
The drawback of this method is that it 
does not provide particular and specific 
averages.

The acceptance criteria or the limits 
of the pooled samples are many, and a 
few acceptance limits are given in the 
table below.10

Comparative Dissolution Profiles
Model-dependent or -independent 
procedures are required for calculating 
the CDP (comparative dissolution 
profile). A simple model-independent 
approach utilises a difference and 
similarity factor (f1 & f2) in order to 
define dissolution profiles.11

The standard method to differentiate 
the similarity and difference factors as 
follows:

The two product dissolution profiles, 
i.e. test product and reference product, 
must be determined.

The above given equations along 
with the mean values of dissolution are 
used in calculating the difference and 
similarity factors (f1 and f2) for both 
curves at a single time interval. For similar 
curves, f1 values must be near to 0 and 
f2 values must be near to 100. Basically 

values of f1 ending with 15 (0–15) and f2 
values > 50 (50–100) confirm sameness 
or equivalence of two curves.12

This model-independent procedure 
is more appropriate for CDP when three 
to four, or more than four time points of 
dissolution exist. 

The given suggestions must be 
followed:

Drug Release – Profile:9

Drug Discovery, Development & Delivery



40 INTERNATIONAL PHARMACEUTICAL INDUSTRY  Summer 2020 Volume 12 Issue 2

Drug Discovery, Development & DeliveryDrug Discovery, Development & Delivery

 Table 3: Acceptance Table for IR Pooled Sample Drug Products

Figure 3: Graph Showing DR + IR & DR + ER Tablets Drug Release (%) in Time (Min)

Table 4: Acceptance Table for Delayed-release Drug products (Acid Stage)

Table 5: Acceptance Table for Delayed-release Drug Products (Buffer Stage)

Under similar conditions, measure-
ment of the test and reference batches 
must be made. The time points of 
dissolution for the both the profiles must 
be similar. The reference batch utilised 
must be the new product manufactured. 

After the dissolution of 85% just one 
measurement should be taken of both 
the products.

The % coefficient of variation at the 
advance time points (e.g. 15 minutes) 
must not be > 20% and at other time 
points must not be greater than 10% to 
allow use of mean data.13

2. Delayed-release Dosage Forms14 

Acid Stage:
The below table confirms the amount 
of active substance dissolved from the 
dosage units tested to confirm whether 
the requirements are met or not. 

Until the results conform at any of the 
acid or buffer stages, the test should be 
continued for three levels.

Buffer Stage:
The below table confirms the amount 
of active substance dissolved from the 
dosage units tested to confirm whether 
the requirements are met or not. 

Until the results conform at any of 
both acid or buffer, the test should be 
continued for three levels. 

The Q value in the below table is 75 per 
cent dissolved unless otherwise specified. 
The quantity Q is the given total amount 
of active substance dissolved in two 
stages, i.e. acid and buffer, expressed as 
a labelled content percentage.

The 5 per cent, 15 per cent and 25 per 
cent given values in the following table 
are percentages of the labelled content, 
so that Q values are in the same terms.

3. Extended-release Dosage Forms 
The below table confirms the amount 
of active substance dissolved from the 
dosage units tested to confirm whether 
the requirements are met or not.16

Until the results conform at any point 
of L1 or L2, the test should be continued 
for three levels. 

The minimum limits on the amount 
of active substance dissolved are given 

Dissolution Release Profile15
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in terms of the % of labelled content. 
The amount of drug dissolved at every 
particular fractional dosing interval 
was given by Qi, i.e. the limit holds each 
value. The acceptance criteria are related 
separately to a particular range, in case 
greater than one range is given.

Graph Showing IR, ER, MR Tablets 
Drug Release

Figure 5: Graph Showing ER Tablets Drug Release (%) in Time (Min)

Figure 7: Different Types of Drug Showing % of the 
Drug Dissolved in Time (h)

Table 6: Acceptance Table for Extended-release Drug Products

Drug Release – Profile17

Figure 6: ER Dosage Form Drug Release of IR, ER, MR – Graph18

Conclusion:
The above theory and discussion proves 
dissolution testing is an important 
specification test. By collaboration 
with departments like analytical, 
pharmacokinetic, formulation, regulatory 
and CMC, the dissolution specifications 
are established. There are different 
dissolution media when taken into 
consideration regarding the testing of 
dissolution of the conventional and the 
modified release dosage form.

The above methods and media of 
dissolution are intended to be used 
in development and research mostly, 
but not in regular quality control. 
The acceptance criteria which were 
provided in the above discussion will 
help in the selection of a suitable 
dissolution apparatus along with the 
dissolution media. The dissolution test 
for oral products was considered as an 
important in vitro tool for performance 
measurement. The specifications that 
are provided above and discussed 
should be followed by the industry and 
the regulatory authorities should also 
try to abide by these guidelines. The 
industry and the regulatory authority 
need to focus on the standards of 
‘acceptance criteria’. In the aspect of 
product performance and quality, in vitro 
dissolution is the major impact. Properly 
designed dissolution tests will speed up 
the development of drugs, accelerate the 
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post-approval change validation and 
reduce the unnecessary human studies.
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