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ABSTRACT

The interaction between micronized Salbutamol Sulphate molecules and the internal surface of the
constant volume chamber of a Metered Dose Inhaler (MDI) were studied using Chromatographic
methods, a Scanning Electron Microscope (SEM) and Spectroscopic methods. The extensive
usage of the MDI to deliver the micronized Salbutamol Sulpate results in the systematic decrease
of both the shot weight and the concentration of delivered drug, as the number of the actuations
increases. Micronized Salbutamol Sulphate particles were attached onto the internal surface as
single crystals and layers of the drug particles. Spectroscopic analysis of the attached particle
confirms that it is Salbutamol Sulphate and that there are no new bands disappearing or arising as
a result of the interaction between drug molecules and the internal surface, which indicates that this
interaction is Physisorption.
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1. INTRODUCTION

Salbutamol {2-(tert-butylamino)-1-(4-(hydroxy-3-
hydroxymethyl-phenyl) ethanol} (Fig. 1) is a drug
with B2-adrenoceptor activities and is used for
the treatment of asthma and breathing problems
[1-3]. It is normally delivered to the patients as
inhaled suspension using a Metered Dose
Inhaler (MDI). Various polymer materials (i.e.
polyester and poly acetal) are used in the
manufacturing of different parts of MDI [4].
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Fig. 1. The chemical structure of Salbutamol
Sulphate

Most of these polymers have polar centers, and
as it could be expected, in the presence polar
drug molecules, such as micronised Salbutamol
Sulphate the interaction between the polar center
of polymer and polar drug species is expected
[4,5]. Literature contains few works on the nature
of the interaction of micronised Salbutamol
Sulphate particles crystals with polymer surfaces.

A MDI is a device widely used in the managed
treatment of asthma. They contain the active
drug Salbutamol Sulphate dissolved or
suspended in a propellant. The inhaler consists
of a storage -canister containing the drug/
propellant mixtures, and a connected metering
valve. They are pressurized, hand-held inhalers
that use propellants to deliver a specific amount
of medication to the lungs of a patient [4,5]. The
metered chamber in the valve is responsible for
providing a precisely measured volume of the
drug/ propellant mixture resulting in an accurate
dose of medication with every actuation. In
operation, the controlled volume of the mixture is
displaced from the constant volume chamber of
the valve and is inhaled by the patient. A return
actuation refills the constant volume chamber
and releases the metered drug mixture through
the recipient's respiratory system. During the
entire life cycle of the device, the drug mixture
remains in contact with the inner surface of the
storage canister as well as the metering
chamber. The mixture inside the constant volume
chamber is, thereby, displaced and replaced at

variable times. The construction of the constant
volume chamber as well as the valve consists of
a number of polymers including polyester and
polyacetal.

Due to nature of material used in the
manufacturing of the MDI device
(chloroflourocarbone and hydroflouroalkane) a
decrease in the delivered drug is expected due to
the irreversible adhesion of the drug particles to
internal surface of the polymer surface, it was
reported that an increase in the adhesion force
decrease the emitted dose [6,7]. The interaction
between micronized particulates and internal
surface may be possible to predict from
thermodynamics considerations of the surface
free energy measurements through using the
atomic force microscopy [8]. The aim of this
study is to investigate the type and factors
affecting the interaction between the micronized
salbutamol material and the internal surface of
the MDI device.

2. EXPERIMENTAL METHODS

To achieve the main objective of this study both
the concentrations of Salbutamol Sulphate per
actuation as well as the weight of the pack valve
were recorded. The concentration of drug per
actuation was analyzed using the proposed
validated analytical methods. The average
amount of the delivered Salbutamol was
expressed as (wt/wt %). Also, the average
amount of the drug deposited on the actuator
was detected, collected and investigated using
Scanning Electron Microscope (SEM). IR spectra
were recorded on an FT-IR Jasco 300E
instrument in the 190-600 cm™ range using
either  Nujol mulls supported between
polyethylene plates or KBr pellets.

2.1 Materials

Salbutamol Sulphate (Cy3H,;NO3) was obtained
from sigma Aldrich and was used as received
without further purification.

2.2 Chromatographic System

A water mode 600 solvent delivery system was
used together with a Water Nova-pak, C18 and
3.9 x 150 mm column packed with (3.9 pm
particle size). Samples were injected using a
Rheodyne injector with 20 I sample loop.
Detection was done with UV/VIS diode array
detector (Water PD 900) Absorbance Detector
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operating at 220 nm, with an AUFS of 0.11. Peak
evolution and quantization were made using
Water Millennium software. The mobile phase
consisted of 35% v/v methanol/water and flow
Rate of 1.0 ml/min.

2.3 Stimulated Use Test

This test was implemented in order to study how
the use of the MDI affects the deposition of
Salbutamol particles on the polymer surface of
the metering chamber [9]. Single actuations were
discharged at each time and collected for later
analysis. The inhalers were stored horizontally at
25C. The procedure includes weighing of the
pack valve down before and after the
substance’s discharge. The collected/ delivered
dose was assayed. The test was performed
based on the number of actuations (200
actuations) mentioned in the label.

3. RESULTS AND DISCUSSION
3.1 Evaluation of the Analytical Method

The main purpose of this study is to investigate
the interaction between Salbutamol Sulphate
molecules and the internal polymer surface of the
using a validated analytical method. Fig. 2 shows
the typical chromatogram of the standard
Salbutamol Sulphate. It shows that the
Salbutamol Sulphate appears at around 5.4
minutes. A set of calibration standards solutions
containing Salbutamol were prepared (150 to
2000 pg/ml) and analyzed. The chromatographic
data produced are graphically presented in Fig. 2
(see inserted figure top-right). The calibration
curve was found to follow a linear relationship
and from the calibration experiments, the
smallest concentration of Salbutamol Sulphate
that can be detected is estimated to be 150
Mg/ml. The described analytical method was
used to analyze a real sample of some
commercial samples containing Salbutamol
Sulphate and the content of the delivered drug
per actuation. A good agreement was found in
respect to the label claim for the analyzed
samples, as it was found to be within the
confidence ranges commonly accepted (i.e. <
4%).

These results show the possible applicability of
the proposed method to serve the purpose of our
study, without possible interference problems
derived from other substances which frequently
appear in such formulations. The proposed
method was compared with another analytical

method applied to the same set of samples. The
comparison between the two methods show that
there are no significant differences in the results
obtained from both methods, however our
method is faster and easier to apply [10-15].
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Fig. 2. The chromatogram of Salbutamol
Sulphate. The inserted figure is for the
calibration curve

3.2 Metered Dose Inhaler (MDI)
Performance
Micronised Salbutamol Sulphate is normally

delivered to the patients through MDI as an
inhaled suspensions formulation. A stimulated
use test was implemented, in order to study how
the use of the MDI affects the deposition of
Salbutamol Sulphate particles on the polymer
surface of the metering chamber, and therefore
how it affects the concentration of the delivered
drug concentration. Fig. 3 shows how the shot
weight varies over the actuation number for
different MDI samples from different inhalers.
From the obtained results, it is appearing that
none of the tested MDI devices have consistency
in their shot weights. This means, that for all
tested devices the shot weight per actuation is
not reproducible and varies from one device to
another and from one actuation to another.
Fig. 4A, clearly shows the weight distribution of
the delivered drug over 200 actuations. It was
found that the shot weight oscillates around an
overall average value of 67.5 mg and the weight
of 72.5% of shots fits in the range of 62.5 mg and
77.5 mg. The fluctuation of the shots weight and
the negative deviation from the claimed delivered
shot weight (100 mg) could be attributed to; the
possible influence from temperature fluctuation
during the test, a leakage and drain back into the
storage canister due to a longer rest time,
shaking of the sample which maybe results in
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partial release of drug mixture from the constant
volume chamber and/ or to a possible deposition
of the drug molecules onto the internal surface.
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Fig. 3. Plot of the delivered drug mass (mg)
versus actuation numbers of different
samples. The smoothed line shows the
general trend of the variation of the mass of
delivered drug as actuations number
increases

As we reported in the experimental Section, the
delivered drug per actuation was collected for
further analysis to determine their Salbutamol
Sulphate contents. The variation of the average
concentration of the delivered drug versus the
actuation number was graphically represented in
Fig. 5. In general, the concentration of
Salbutamol Sulphate decreases as the actuation
number increases. In fact, the concentration
starts to stabilize after 30 actuations, the

concentration of Salbutamol Sulphate per shot
weight (wt/wt %) was found to oscillate around
an overall average value of 95% where 63.4% of
the shots (Fig. 4B) exists in the range between
95% to 105%. Also the concentration of the
delivered drug is lower than the claimed
concentration (100 mg of Salbutamol Sulphate
per actuation). Fig. 4C shows the 3D plot of the
shot weight (mg) versus the actuation number
and concentrations of the delivered drug
(wtiwt %).

3.3 Drug-polymer Interaction

Results obtained from the stimulated use test,
shows that there is a loss of concentration of the
drug, which is found to be directly proportional to
the extensive use of the inhaler. The decrease in
the dosage concentration is attributed to the
deposition of the Salbutamol Sulphate on the
internal surface of the constant volume metered
chamber. Deposition of Salbutamol Sulphate
molecules were investigated through studying
the modification of the internal surface of the
constant volume metered chamber in the inhaler.
Molecules deposition inside the chamber was
studied after number of actuations.

SEM was used to investigate the possibility of
the deposition of drug particles onto the polymer
surface following the procedure of the stimulated
use test of the MDI device. Results from SEM
revealed that Salbutamol Sulphate starts to
accumulate onto the internal surface after a few
number of actuations where drug particles and
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Fig. 4. 3D plot of concentration of the delivered drug versus actuation weight in
relation to the actuation number
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clusters are randomly spread. Further actuations
result in a continuous growth of the drug islands
inter-connected to- form semi-continuous or
continuous aggregate layers.
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Fig. 5. Plot of the samples concentrations

(wt/wt %) of the delivered drug versus the
number of actuation increases

The Salbutamol Sulphate particle islands grown
onto the internal surface of the chamber is
graphically shown in Fig. 6. The figure shows
that the growth of particles starts at an early
stage of using the MDI device. After 15
actuations, particles of Salbutamol Sulphate
were found to attach to the surface of the
chamber, drug crystals deposited on the polymer
surface as single crystal or small aggregated.
Fig. 6A (after 15 actuations) shows the drug
particles which spread over the surface without
any preference to a particular order. With the
increasing number of actuations 50 actuations,
the growth of clusters and aggregations
increases too. The inside surface area of
metering chamber shows a buildup of islands/
clusters (Fig. 6B). In Fig. 6C, after 150
actuations, it shows that a large area was
covered by layers of drug particles. As the
actuation numbers increased (up to 100
actuations) the deposition of drug particles
significantly increased in the chamber, forming a
dense carpet of drug particles covering most of it.

A (WD 13 mm 20.0 KV. X 500. 10 um)

C(WD 13 mm 20.0 KV. X 500. 100 pm)

Fig. 6. SEM image of a internal surface of the contant volume metered chamber, which had
been exposed to different number of actuations. (a) 15 actuation. (b) 50 actuations. (c) More
than 150 actuations
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So the consecutive usage of the MDI device
deposit a significant amount of Salbutamol
Sulphate particles deposited on the surface of
the inner part of chamber of MDI device, particles
attached as single crystals and layers of drug
particles.

Deposited molecules of Salbutamol Sulphate
molecules were isolated for further investigation.
The IR spectra of the standard samples and
those of the deposited molecules collected from
the internal surface of the constant volume of
metered chamber revealed that no new bands
disappear or arise on the vibrational spectra, as
a result of the interaction between drug
molecules and the internal surface which
indicates that this interaction is physisorption.

4. CONCLUSION

Results obtained from the stimulated use test
shows that none of the tested MDI devices has
consistency in their shot weights. The shot
weight was found to oscillate around 67.5 mg per
actuation which could be attributed to sample
conditions (i.e. possible temperature leakage and
storage conditions). Moreover the concentration
of delivered Salbutamol Sulphate was found to
decrease with the extended use of the inhaler.
The observed loss of Salbutamol Sulphate
concentration is attributed to the deposition of
Subutamole molecules onto the internal surface
of the metering chamber of the MDI device. Both
SEM images and spectroscopic analysis of the
deposited particle onto the internal surface of
metered chamber reveals that: (i) Micronized
particle Salbutamol Sulphates accumulates onto
that surface after a few actuations and starts to
build up as actuations increase. (i) These
particles were attached onto the internal surface
as single crystals and layers. (iii) The interaction
between drug molecules and the internal surface
of MDI is classified as physisorption since no
vibrational bands arising or disappears as a
result of the drug-polymer interaction.
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