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ABSTRACT

Pharmaceutical aerosol is a pressurized system that depends on the power of a compressed or
liquefied gas to expel the contents from the container. Therapeutic performance of pharmaceutical
aerosols is affected by various factors such as actuator tube design, orifice diameter, concentration
of surfactant in the system, moisture content and deposition of emitted dose, vapor pressure of
propellants, spray pattern, efficiency of valve crimping and measurement of particle size aerosols.
Unique feature of this dosage form is the presence of propellants, whose properties like flash point,
viscosity and density and presence of active ingredients, containers, valves and actuators also
modify the aerosol performance. A pharmaceutical aerosol must satisfy certain standards to claim it
to be a quality drug. The main standard for the quality of any drug is the intrinsic and extrinsic
elements which contribute directly or indirectly to the safety, potency, efficacy, stability, patient
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acceptability and regulatory compliance of the products. In process quality control (IPQC) tests are
performed in order to remove error from every stage in production. After the manufacturing process
is complete finished product quality controls (FPQC) test are performed with respect to the
specification of the pharmacopoeias with a view to checks that the quality parameters are within the
acceptable limits or not. So, the total quality of pharmaceutical aerosols depends on both IPQC and
FPQC tests. The objective of this study is to provide various in-process and finished product quality
control tests for pharmaceutical aerosols as per pharmacopoeial standards and specifications.

Keywords: Pharmaceutical aerosols; standard; specification; in-process quality control; finished

product quality control.
1. INTRODUCTION

Pharmaceutical aerosols are products that are
packaged under pressure and contain
therapeutically active ingredients which are
released upon activation of an appropriate valve
system. The term “aerosol” refers to the fine mist
of spray that results from most pressurized
systems. They are intended for topical
application on the skin as well as local
application into the nose (nasal aerosols), mouth
(lingual aerosols), or lungs (inhalation aerosols).
These products may be fitted with valves
enabling either continuous or metered-dose
delivery [1]. Inhalation aerosols are fine
suspensions or dispersions of solid particles in a
gas, intended for local action in the respiratory
tract. Various types of inhalers such as
nebulizers, metered dose inhalers (MDIs) and
dry powder inhalers (DPIs) are available [2].
Various factors such as actuator tube design,
orifice diameter, and concentration of surfactant
in the system, vapor pressure of propellants, and
efficiency of valve crimping and particle size of
the plume emerging from the inhaler etc. affect
the therapeutic performance of aerosols.
Exceptional aspect of pharmaceutical aerosols is
the presence of propellants, whose properties
like flash point, viscosity and density also modify
the aerosol performance [3].

Quality control (QC) is the part of GMP (Good
Manufacturing Practice) that is concerned with
sampling, specifications, testing and with the
organization, documentation and release
procedures which ensure that the necessary and
relevant tests are actually carried out and that
materials are not released for use, sale or
supply, until their quality have been judged to be
satisfactory according to specifications [4,5]. The
process of QC is carried out to confirm an
expected level of quality in a product by
eliminating errors at every stage in production
[6]. QC is a team work and we have to keep in
mind that quality must be incorporated into a

drug product during product and process design
[7]. So, it is possible patently be apprehended
that, quality is not an accident but a result of
intelligent efforts [6]. The total quality of the
product is assured by the in process quality
control (IPQC) and finished product quality
control (FPQC) tests. IPQC tests are carried out
at regular intervals before the manufacturing
process is completed. The function of IPQC
involves monitoring and if necessary adaptation
of the manufacturing process with a view to
comply with pharmacopoeias [8]. FPQC tests are
performed when the manufacturing process is
completed in order to check qualitative and
qguantitative characteristics along with test
procedures and their acceptance limits, by which
the finished product must comply throughout its
valid shelf-life [9]. The total dealing process
(IPQC and FPQC tests) represents rigorous QC
tests to make products completely indefectible
before they are launched into the market [7].

In terms of pharmaceutical development and
manufacture, the regulatory entities are
continually developing their requirements to meet
the challenges of these new technologies and to
ensure their safety, quality and efficacy in the
global marketplace. The ultimate responsibility
for the safety, quality and efficacy of medicines
and medical devices lies with the various national
regulatory bodies designated to safeguard public
health [10]. In Europe, in the USA and in the UK
this function is performed by the European
Medicines Agency (EMA), Food and Drug
Administration (FDA) and Medicines and
Healthcare products Regulatory Agency (MHRA)
respectively [11-13]. In USA, as the FDA has a
command that the marketed drug product should
be safe and effective; the drug product must
conform particular criteria for quality and purity
[14]. In 2002, the FDA launched a new initiative
“Pharmaceutical cGMPs (current Good
Manufacturing Practices) for the 21% century” in
which it proposed a new approach to
pharmaceutical manufacturing [15].



The main role of the pharmacopoeias is to define
the standards with which medicines shall comply
and the methods by which compliance will be
adjudged [10]. There are diverse types of
pharmacopoeias such as British Pharmacopoeia
(BP), United States Pharmacopoeia-National
Formulary (USP-NF), European Pharmacopoeia
(PhEur), International Pharmacopoeia (Phint),
Japanese Pharmacopoeia (JP) and Indian
Pharmacopoeia (IP) in different parts of the world
and the role of these pharmacopoeias are to
embellish quality specifications for active
pharmaceutical ingredients (APIs), finished
pharmaceutical products (FPPs) and general
requisites, e.g. for dosage forms [7]. So, it is
momentously incumbent to maintain the quality
of aerosols by variegated numbers evaluation,
based on the series of tests carried out during
the formulation development and finished
product testing stages [16]. The purpose of this
study is to give an outline about the in-process
and finished product quality control tests for
pharmaceutical aerosols based on
pharmacopoeial standards and specifications.

2. UNIVERSAL TESTS FOR PHARMA-
CEUTICAL AEROSOLS

2.1 Description

This test is often called appearance on a
specification and is a qualitative description of
the pharmaceutical aerosols. For example, the
description of aerosols on a specification may
read: black cap, blue body, imprinted with “R,”
on cap [7,17,18].

2.2 ldentification

The purpose of an identification or identity test is
to verify the identity of the active pharmaceutical
ingredient (API) in the pharmaceutical aerosol.
This test should be able to discriminate between
compounds of closely related structures that are
likely to be present [7,17,18].

2.3 Assay

This test determines the strength or content of
the API in the pharmaceutical aerosol and is
sometimes called a content test [7,17,18].

2.4 Impurities

This test determines the presence of any
component that is not the API or an excipient of
pharmaceutical aerosol. The most common type
of impurities that are measured is related
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substances, which are process impurities from
the new drug substance synthesis, degradation
products of the API, or both [7,17,18].

3. IPQC  AND FPQC TESTS
PHARMACEUTICAL AEROSOLS

FOR

QC tests are necessary to ensure the proper
performance of pharmaceutical aerosols.
Pharmaceutical aerosols are assessed based on
the series of tests carried out during the
formulation development, in process testing and
finished product testing stages [19]. Guidelines of
standard quality control tests for pharmaceutical
aerosols are described in various
pharmacopoeias and regulatory bodies. In
addition to these European Pharmaceutical
Aerosol Group (EPAG), International
Pharmaceutical Aerosol Consortium on
Regulation and Science (IPAC-RS) are
scientifically investigated the standard and
regulations for orally inhaled drug products
[20,21]. EPAG is a voluntary non-profit making
organization dedicated to the pharmaceutical
industries that are developing orally inhaled and
nasal drug products (OINDPs) within Europe.
The objectives of the EPAG are to focus on
pharmaceutical issues relevant to pulmonary and
nasal delivery products, including clinical aspects
as appropriate, to establish scientifically based
best practices, to provide consensus comment to
industry and government agencies to promote
safety and quality standards, and to recommend
harmonized standards and methodology. Current
areas of activity are particularly focused on the
regulatory environment and guidance, industry
best practice and aerosol science. EPAG has
established several sub terms (Impactor, Nasal
product methods, Nebulisers, Quality by Design,
Lactose and Reduced Stability Testing) to
scientifically investigate issues that present
considerable problems in the context of oral and
nasal inhaler evaluation, evaluate where further
knowledge is needed, and aid decision making
with supportive data of high quality. EPAG has a
number of direct contacts within several
regulatory agencies, such as those in the UK,
Sweden, Germany and Canada [22]. IPAC-RS is
an international association that seeks to
advance the science, and especially the
regulatory science, of OINDPs by collecting and
analyzing data, and by conducting joint research
and development projects. IPAC-RS members
include innovator and generic companies that
develop, manufacture or market orally inhaled
and nasal drug products for local and systemic
treatment of a variety of debilitating diseases



such as asthma, chronic obstructive pulmonary
disease and diabetes. IPAC-RS aims to build
consensus and contribute to effective regulations
and standards by sharing the results of its
research through conferences, technical journals,
and discussions with regulatory bodies. IPAC-RS
engages, as appropriate, in scientific and
technical discussions and consensus-building
with international authorities and standard-setting
bodies such as the US FDA, the EMA, Health
Canada, the USP, the International Conference
on Harmonization (ICH), the International
Organization for Standardization (1SO), and
regulatory agencies in other world regions. IPAC-
RS also collaborates with trade associations and
academic researchers around the globe [23].

IPQC and FPQC tests for pharmaceutical
aerosols according to pharmacopoeial standards
and specifications are listed below:

3.1 Propellant

Gas chromatography or IR spectrophotometry
methods are used to determine the identity of
propellant, and when a blend of the propellants is
used, to determine the composition. The purity
and acceptability of the propellant are checked
by determination of moisture, halogen, and non-
volatile residue [24,25].

3.2 Valves, Actuators and Dip Tubes

These parts are subjected to physical and
chemical inspection. For this testing a
representative sampling of the valves from each
batch is made according to existing methods of
sampling (Military Standard Mil-STD-105D).
Twenty five valves are selected and placed in
suitable containers. The containers are filled with
specific test solutions given in Table 1. A button
actuator with 0.02 inch orifice is attached to the
valves. The filled containers are placed in a
suitable atmosphere at a temperature of 25+1°C.
When the products have attained the
temperature of 25+1°C, the filled containers are
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actuated to fullest extent for at least 2 seconds.
This procedure is repeated for a total of
2 delivered from each 25 test units. The
individual delivery weights in milligrams are
divided by the specific gravity of the test solution
to obtain the valve delivery per actuation in
microliters [25].

The test procedure applies to two categories of
metered aerosol valves having the following
limits given in Table 2.

Out of 50 individual deliveries, if 4 or more are
outside limits for the specified valve delivery, the
valves are rejected. If 3 individual deliveries are
outside limits, another 25 valves are sampled,
and the test is repeated. The lot is rejected if
more than 1 delivery is outside the specification.
If 2 deliveries from 1 valve are beyond limits,
another 25 valves should be tested. The lot is
accepted if not more than 1 delivery is outside
the specification [25].

3.3 Containers

Containers are examined for defects in the lining.
Several quality control aspects include
specifications for the degree of conductivity of
electric current as a measure of the exposed
metal. Glass containers must be examined for
flaws. The dimensions of the neck and other
parts must be checked to determine conformity
to specifications. The weights of the container
should be determined [26].

3.4 Weight Variation

Weight checking is done by periodically adding
tared empty aerosol container to filling lines
which after filling with concentrate are removed
and weighed. The same procedure is used for
checking the weight of the propellants. As a
further check, the finished container is weighed
to check the accuracy of the filling operation [26].
The unit of this test is expressed as pounds and
ounces.

Table 1. Ingredients of test solutions [25]

Ingredients (% wiw) Test solutions A

Test solutions B Test solutions C

Isopropyl myristate 0.1%
Dichlorodifluoromethane 49.,95%
Dichlorotetrafluoroethane 49,95%
Trichloromonofluoromethane -
Alcohol USP -
Specific Gravity at 25°C 1.384

0.1% 0.1%
25.0% 50.25%
25.0% 24.75%
- 24.9%
49.9% -

1.092 1.388




Table 2. Limits for acceptance of aerosol

valves [25]
Deliveries ( pl) Limits (%)
54 or less +15
55 to 200 +10

3.5 Spray Testing

Many pharmaceutical aerosols are 100% spray
tested. This serves to clear dip tube of pure
propellant (for products filled by pressure through
the stem, body and dip tube), to clear the dip
tube of pure concentrate (for products filled by
pressure under the cap or around the stem), and
to check for defects in valves and spray pattern.
For metered valves, it serves to prime valve so
that it is ready for use by the patient.
Determination of spray patterns involves the
impingement of sprays on a piece of paper that
has been treated with dye-talc mixture. The
particles that strike the paper cause the dye to go
into solution and to be absorbed onto the paper.
It gives a record of the spray pattern [25,27].

3.6 Flame Projection

The aerosol product is sprayed to an open flame
for about 4 seconds and the extension of the
flame is measured with the help of a ruler, which
is expressed as cm [25].

3.7 Flash Point

For this test Tag Open Cup (TOC) apparatus is
the standard test apparatus. The aerosol product
is chilled to a temperature of about —25°F and
transferred to the test apparatus. The
temperature of the test liquid is increased slowly
and the temperature at which the vapors ignite is
taken as the flash point, which is usually
expressed in T [25].

3.8 Vapor Pressure

The vapor pressure can be determined by
pressure gauge. Variation in pressure indicates
the presence of air in headspace. A can
punctuating device is also available for
accurately measuring vapor pressure [25,28].
The unit of this test is expressed as psig.

3.9 Density

It is determined by hydrometer or a pycnometer.
For this test a pressure tube is fitted with metal
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fingers and Hoke valve, which allow for the
introduction of liquids under pressure. The
hydrometer is placed into the glass pressure
tube. Sufficient sample is introduced through the
valve to cause the hydrometer to rise half way up
the length of the tube. The density can be read
directly [25,29]. The density is generally
expressed as g/ml.

3.10 Moisture Content

Karl Fischer method or gas chromatography
method has also been used for determination of
moisture content of aerosol [25,29]. Moisture
content is expressed as %.

3.11 Net Contents

The tared cans, placed onto the filling line are
reweighed, and the difference in weight is equal
to the net contents. The other method is a
destructive method and consists of weighing a
full container and then dispensing the contents.
The contents are then weighed. The difference in
weight gives the amount of contents present in
the container [29]. The unit of this test is
expressed as pounds and ounces.

3.12 Foam Stability

The life of a foam ranges from a few seconds for
quick breaking foam to one hour or more
depending on the formulation. The methods
which are used to determine the foam stability
includes visual evaluation, time for a given mass
to penetrate the foam, time for a given rod that is
inserted into the foam to fall and rotational
viscometer [25,29].

3.13 Particle Size Determination

Cascade impactor and light scattering decay
methods are used for particle size determination.
Cascade impaction devices classify aerosol
particles and droplets on the basis of those
particles aerodynamic diameters. The principle of
their operation is to separate aerosol particles
and droplets from a moving airstream on the
basis of particle or droplet inertia impaction. Each
stage of the impactor comprises a series of
nozzles or jets through which the sample laden
air is drawn, directing any airborne towards the
surface of the collection plate for that particular
stage. Whether a particular particle impacts on
that stage is dependent on its aerodynamic
diameter. Particles having sufficient inertia will



impact on that particular stage collection plate,
whilst smaller particles will remain entrained in
the air stream and pass to the next stage where
the process is repeated. The stages are normally
assembled in a stack or row in order of
decreasing particle size. As the jets get smaller,
the air velocity increases such that smaller
particles are collected [30]. Light scattering
decay is based on the principle that as aerosols
settle in turbulent condition, here the particle size
is determined by changes in light intensity of the
Tyndall beam [25]. The unit of particle size is
expressed as [.

3.14 Therapeutic Activity

For inhalation aerosols, the determination
of therapeutic activity depends on the
particle size. For topical aerosols therapeutic
activity is determined by applying the
therapeutically active ingredients topically to the
test areas and the amount of therapeutically
active substances absorbed is determined
[31,32].

3.15 Toxicity Study

The topically administered aerosols are checked
for chilling effect or irritation in the skin. When the
aerosol is topically applied, thermistor probe
attached to the recording thermometer is used to
determine the change in skin temperature for a
given period of time. For inhalation aerosols
toxicity study is done by exposing test animals to
vapors sprayed from the aerosol container
[31,32].

3.16 Description

A description of both the formulation and the full
delivery device (e.g., including actuator) should
be given where applicable. For nebulization
products, the immediate packaging should be
described [33].

3.17 Assay

In order to detect the presence of API, aerosols
assay has to be done by using the suitable
analytical method to produce good finished
product. For multi-dose products, the amount of
drug substance should be determined per weight
unit or per volume unit, as applicable. For single
dose products, the assay should be expressed
as mass per dosage unit [33].
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3.18 Mean Delivered Dose

The amount of drug substance in one actuation
should also be determined by calculating the
mean of the delivered dose uniformity test
results, with corrections as necessary to convert
from “per dose” amounts to “per actuation”
amounts. Limits of +15 percent of the label claim
are applicable for this test [33].

3.19 Delivery Rate for Topical Aerosols

According to USP-NF, this test is applied to
topical aerosols containing drug, in solution or
suspension, packaged under pressure, and
released upon activation of an appropriate valve
system. This test is performed only to topical
aerosols where containers fitted with continuous
valves. For this test selection should not be less
than four aerosol containers, if needed to shake,
until the label includes the direction, then the
caps and covers are removed, and actuate each
valve for 2 to 3 seconds. Each container is
weighed accurately, and immersed in a constant-
temperature bath until the internal pressure is
equilibrated at a temperature of 25°C as
determined by the constancy of internal
pressure, as directed under the Pressure test
below. Then the containers are removed from the
bath, excess moisture is removed by blotting with
a paper towel, if needed to shake, until the label
includes the direction, then each valve is
actuated for 5 seconds (accurately timed by use
of a stopwatch), and each container is weighed
again. The containers are returned to the
constant-temperature bath, and repeat the
foregoing procedure three times for each
container. Finally, the average delivery rate is
calculated in g per second, for each container
[34,35].

3.20 Delivered
Aerosols

Amount for  Topical

According to USP-NF, this is suitable for topical
aerosols with continuous valves presented as
solution or suspension. For this test the
containers are returned to the constant-
temperature bath, continuing to deliver 5 second
actuations to waste, until each container is
exhausted. Sufficient time is allowed to ensure
between each actuation to avoid significant
canister cooling. Finally the total weight loss is
calculated from each container which is the
delivered amount [34,35].



3.21 Pressure Test for Topical Aerosols

For this test, according to USP-NF, selection
should not be less than 4 topical aerosols of
solution or suspension where containers fitted
with continuous valves, then the caps and covers
are removed, and immersed in a constant-
temperature bath until the internal pressure is
constant at a temperature of 25°C. The
containers are removed from the bath, followed
by shaking, the actuator and water are removed,
if any, from the valve stem. Each container is
placed in an upright position, and the pressure is
determined in each container by placing a
calibrated pressure gauge on the valve stem,
holding firmly, and actuating the valve so that it is
fully open. The gauge is of a calibration
approximating the expected pressure and is fitted
with an adapter appropriate for the particular
valve stem dimensions. The pressure is
monitored directly from the gauge and commonly
expressed in psig [34,35].

3.22 Minimum Fill for Topical Aerosols

This test is appropriate for topical aerosols in
solution or suspension. For this test selection of
a sample must be filled 10 containers, and
removed any labeling that might be altered in
weight during the removal of the container
contents. Thoroughly cleanse and dry the
outsides of the containers by suitable means,
and weighed individually. The contents are
removed from each container by employing any
safe technique (e.g., chill to reduce the internal
pressure, remove the valve, and pour). Any
residual contents are removed with suitable
solvents and then rinse with a few portions of
methanol. As a unit the container, the valve and
all associated parts are retained and finally
heated at 100°C for 5 minutes. Each of the
containers together with its corresponding parts
is cooled, and again weighed. The difference
between the original weight and the weight of the
empty aerosol container is the net fill weight.
Determination of the net fill weight of each
container is tested. According to USP-NP the
requirements are met if the net weight of the
contents of each of the 10 containers is not less
than the labeled amount [34,35].

3.23 Leakage Test for Topical Aerosols

Topical aerosols of solution or suspension fitted
with continuous valves are subjected to this test.
12 aerosol containers are selected, and recorded
the date and time to the nearest half hour. Each
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container is weighed to the nearest mg, and also
recorded, in mg, of each as W;. Containers are
allowed to stand in an upright position at a
temperature of 25+2°C for not less than 3 days,
and again weighed each container, recording the
weight, in mg, of each as W,, and recording the
date and time to the nearest half hour. The time,
T, is determined in hours, during which the
containers were under test. Finally the leakage
rate is calculated in mg per year, of each
container taken by the formula:

365 x 24/T x W; — W,

Where plastic-coated glass aerosol containers
are tested, dry the containers in a desiccator for
12 to 18 hours, and allow them to stand in a
constant-humidity environment for 24 hours prior
to determining the initial weight as indicated
above. The test is conducted under the same
constant-humidity conditions. Empty the contents
of each container tested by employing any safe
technique (e.g., chill to reduce the internal
pressure, remove the valve, and pour). Any
residual contents also removed by rinsing with
suitable solvents, then rinse with a few portions
of methanol. As a unit the container, the valve,
and all associated parts are retained, and heated
at 100°C for 5 minutes. Cool, weigh, record the
weight as W3, and determine the net fill weight
(W; — W3) for each container tested. If the
average net fill weight has been determined
previously, that value may be used in place of
the value (W, — W3) above [34,35].

According to USP-NF, the requirements are met
if the average leakage rate per year for the 12
containers is not more than 3.5 percent of the net
fill weight, and none of the containers leaks more
than 5 percent of the net fill weight per year. If 1
container leaks more than 5 percent per year,
and if none of the containers leaks more than 7
percent per year, the leakage rate of additional
24 containers is determined as directed herein.
Not more than 2 of the 36 containers leak more
than 5 percent of the net fill weight per year, and
none of the 36 containers leaks more than 7
percent of the net fill weight per year. Where the
net fill weight is less than 15 g and the label
bears an expiration date, the requirements are
met if the average leakage rate of the 12
containers is not more than 525 mg per year and
none of the containers leaks more than 750 mg
per year. If the leakage rate of the 1 container is
more than 750 mg per year, but not more than
1.1 g per year, then the leakage rate of an
additional 24 containers is determined as
directed above. Not more than 2 of the 36



containers leak more than 750 mg per year, and
none of the 36 containers leaks more than 1.1 g
per year. This test is in addition to the customary
in-line leak testing of each container [34,35].

3.24 Number of Discharges
Container for Topical Aerosols

per

According to USP-NF, this test is performed only
on topical aerosols of solution or suspension
fitted with dose-metering valves. The number of
discharges or deliveries is determined by
counting the number of priming discharges plus
those used in defining the spray contents, and
continue to fire until the label claim number of
discharges. The requirements are met if all the
containers or inhalers tested contain not less
than the number of discharges stated on the
label [34,35].

3.25 Delivered-dose
Topical Aerosols

Uniformity for

The test for delivered-dose uniformity is required
for solution or suspension type topical aerosols
fitted with dose-metering valves. For collection of
the minimum dose from each of 10 separate
containers, the sampling Apparatus A or B stated
in USP-NF is used [34,35].

For this test according to USP-NF unless
otherwise specified in the individual monograph,
the requirements for delivered-dose uniformity is
met if not less than 9 of the 10 doses are
between 75 percent and 125 percent of the
specified target-delivered dose and none is
outside the range of 65 percent to 135 percent of
the specified target-delivered dose. If the
contents of not more than 3 doses are outside
the range of 75 percent to 125 percent of the
specified target-delivered dose, but within the
range of 65 percent to 135 percent of the
specified target-delivered dose, select 20
additional containers, and follow the prescribed
procedure for analyzing 1 minimum dose from
each. The requirements are met if not more than
3 results, out of the 30 values, lie outside the
range of 75 percent to 125 percent of the
specified target-delivered dose, and none are
outside the range of 65 percent to 135 percent of
the specified target-delivered dose [34,35].

3.26 Uniformity of Delivered Dose for
Pressurized Metered-dose Inhalers

This test is applicable for pressurized metered-
dose preparations for inhalation. Pressurized
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metered dose inhalers usually operate in a valve-
down position. For inhalers that operate in a
valve-up position, an equivalent test is applied
using methods that ensure the complete
collection of the delivered dose. The dose
collection apparatus must be capable of
guantitatively capturing the delivered dose. The
apparatus consists of a filter-support base with
an open-mesh filter-support, such as a stainless
steel screen, a collection tube that is clamped or
screwed to the filter-support base, and a
mouthpiece adapter to ensure an airtight seal
between the collection tube and the mouthpiece.
Use a mouthpiece adapter that ensures that the
front face of the inhaler mouthpiece is flush with
the front face or the 2.5 mm indented shoulder of
the sample collection tube, as appropriate. The
vacuum connector is connected to a system
comprising a vacuum source and a flow
regulator. The source is adjusted to draw air
through the complete assembly, including the
filter and the inhaler to be tested, at 28.3 L/min
(x5 percent). Air should be drawn continuously
through the apparatus to avoid loss of the active
substance into the atmosphere. The filter-support
base is designed to accommodate 25 mm
diameter filter disks. The filter disk and other
materials used in the construction of the
apparatus must be compatible with the active
substance and solvents that are used to extract
the active substance from the filter. One end of
the collection tube is designed to hold the filter
disk tightly against the filter-support base. When
assembled, the joints between the components
of the apparatus are airtight so that when a
vacuum is applied to the base of the filter, all of
the air drawn through the collection tube passes
through the inhaler [36].

If there are no instructions to the patients, the
inhaler is shacked for 5 s and 1 delivery is
discharged to waste. By depressing the valve for
a sufficient time, the inverted inhaler is
discharged into the apparatus in order to ensure
complete discharge. The procedure is repeated
until the numbers of deliveries that constitute the

minimum recommended dose have been
sampled. After that the amount of active
substance is determined. The procedure is

repeated for a further 2 doses [36].

The inhaler is discharged to waste, waiting not
less than 5 s between actuations, until (n/2) + 1
delivery remain, where n is the number of
deliveries stated on the label. 4 doses are
collected using the procedure described above.
Again the inhaler is discharged to waste, waiting



not less than 5 s between actuations, until 3
doses remain and these 3 doses are collected
using the procedure described above. For
preparations containing more than 1 active
substance, the test for uniformity of delivered
dose for each active substance should be carried
out [36].

According to BP and IP unless otherwise justified
and authorized, the preparation complies with the
test if 9 out of 10 results lie between 75 percent
and 125 percent of the average value and all lie
between 65 percent and 135 percent. If 2 or 3
values lie outside the limits of 75 percent to 125
percent, the test for 2 more inhalers should be
repeated. Not more than 3 of the 30 values lie
outside the limits of 75 percent to 125 percent
and no value lies outside the limits of 65 percent
to 135 percent [36,37].

3.27 Number of Deliveries per Inhaler for
Pressurized Metered-dose Inhalers

For this test according to BP 1 inhaler is
taken and discharged the contents to waste,
actuating the valve at intervals of not less than
5 s. The total number of deliveries so discharged
from the inhaler is not less than the
number stated on the label (this test may be
combined with the test for uniformity of delivered
dose) [36].

3.28 Uniformity of Delivered Dose for
Non-pressurized Metered-dose
Inhalers

The dose collection apparatus must be capable
of quantitatively capturing the delivered dose.
The apparatus described in the test for uniformity
of delivered dose for pressurized metered-dose
preparations may be used [36].

The inhaler is discharged into the apparatus. The
procedure is repeated until the numbers of
deliveries  that constitute the  minimum
recommended dose have been sampled.
Quantitatively the contents of the apparatus are
collected and the amount of active substance is
determined. The procedure is repeated for a
further 2 doses [36].

The inhaler is discharged to waste, until (n/2) + 1
minimum recommended dose remains, where n
is the number of minimum recommended
deliveries stated on the label. Four doses are
collected using the procedure described above.
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Again the inhaler is discharged to waste until 3
doses remain. These 3 doses are collected using
the procedure described above. For preparations
containing more than 1 active substance, the test
for uniformity of delivered dose for each active
substance should be carried out [36].

For this test according to BP unless otherwise
justified and authorized, the preparation complies
with the test if 9 out of 10 results lie between 75
percent and 125 percent of the average value
and all lie between 65 percent and 135 percent.
If 2 or 3 values lie outside the limits of 75 percent
to 125 percent, the test for 2 more inhalers
should be repeated. Not more than 3 of the 30
values lie outside the limits of 75 percent to 125
percent and no value lies outside the limits of 65
percent to 135 percent. Where justified and
authorized, another apparatus and procedure
may be used [36].

3.29 Number of Deliveries per Inhaler for
Non-pressurized Metered-dose
Inhalers

For this test according to BP 1 inhaler is
taken and then the contents are discharged to
waste. The total number of deliveries so
discharged from the inhaler is not less than the
number stated on the label (this test may be
combined with the test for uniformity of delivered
dose) [36].

3.30 Uniformity of Delivered Dose for
Inhalation Powders

A dose collection apparatus similar to that
described for the evaluation of pressurized
metered-dose inhalers may be used provided
that the dimensions of the tube and the filter can
accommodate the measured flow rate [36].

According to BP and IP the preparation complies
with the test if 9 out of 10 results lie between 75
percent and 125 percent of the average value
and all lie between 65 percent and 135 percent.
If 2 or 3 values lie outside the limits of 75 percent
to 125 percent, the test for 2 more inhalers
should be repeated. Not more than 3 of the 30
values lie outside the limits of 75 percent to 125
percent and no value lies outside the limits of 65
percent to 135 percent. In justified and
authorized cases, these ranges may be extended
but no value should be greater than 150 percent
or less than 50 percent of the average value
[36,37].



3.31 Number of Deliveries per Inhaler for
Multi-dose Inhalation Powders

For this test according to BP discharge doses
from the inhaler until empty, at the predetermined
flow rate. The discharged deliveries are
recorded. The total number of deliveries so
discharged from the inhaler is not less than the
number stated on the label (this test may be
combined with the test for uniformity of delivered
dose) [34].

3.32 Uniformity of Content for Inhalation
Powders

The content of active ingredient in each of 10
inhalers taken at random is determined using the
method given in the monograph of IP or by any
other suitable analytical method of equivalent
accuracy and precision [37].

According to IP inhalers comply with the test if
not more than one of the individual values, thus
obtained is outside the limits 85 to 115 percent of
the average value and none is outside the limits
75 to 125 percent. If two or three individual
values are outside the limits 85 to 115 percent of
the average value the determination is repeated
using another 20 inhalers. The inhalers comply
with the test if in the total sample of 30 inhalers
not more than three individual values are outside
the limits 85 to 115 percent and none is outside
the limits 75 to 125 percent of the average
value [37].

3.33 Microbial Contamination for
Inhalation Powders

In this test according to IP total viable aerobic
bacterial count is not more than 100 CFU per g
of the powder (Table 3).

Table 3. Microbial limits for inhalation
powders [37]

Microorganisms Absent in per gram

(g) of the powder

Salmonella 50
Escherichia coli 10
Staphylococcus aureus 10
Pseudomonas 10
aeruginosa

4. CONCLUSION

Quality is the key issue within the pharmaceutical
industry. Controlling the quality of pharmaceutical
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products is a relentless concern of WHO. Efforts
have been made around the world to assure the
practice of quality along with effective medicines.
As, among the drug products, pharmaceutical
aerosols are pressurized dosage form, it's in-
process and finished product quality must be
maintained under rigorous quality control tests to
ensure proper performance of the package,
active ingredients and safety during use and
storage. Any deviations from each and every test
mentioned in this study will hamper the finished
product quality. So tests mentioned in
pharmacopoeias for the pharmaceutical aerosols
must strictly be performed to ensure the proper
quality. Therefore, human health safety can be
secured with pharmaceutical aerosols.
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