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Abstract

The dry powder inhalers are highly efficient systems for pulmonary drug delivery and has become widely known as a very attrac-
tive platform for drug delivery. They are being used for the treatment of asthma, chronic obstructive pulmonary disease, and cystic
fibrosis by many patients. There are over 20 devices presently in the DPI market.

DPIs are preferred over nebulizers and conventional metered dose inhalers. However, they are also complicated systems, some of
the challenges of DPI are dependence on inspiratory flow, systemic absorption due to deposition of drug in deep lung and increase

in upper airway deposition of a large fraction of coarse particles.

This article reviews DPI devices currently available, their advantages and disadvantages, the design of the different inhalers
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Introduction

A Dry-Powder Inhaler (DPI) is a device that delivers medication
to the lungs in the form of a dry powder. DPIs are commonly used
to treat respiratory diseases such as asthma, bronchitis, emphyse-
ma, and chronic obstructive pulmonary disease.

They offer an alternative delivery system to patients who are un-
able to synchronize the discharge and inhalation of metered dose
inhalers.

They are bolus drug delivery devices that contain solid drug, sus-
pended, or dissolved in a nonpolar volatile propellant or in dry
powder inhaler that is fluidized when the patient inhales. Many
factors affect the device performance. Some of the factors include
mouthpiece configuration, grid structure and mouthpiece length,
impaction angle of the powder with devices and air inlet size. Due
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to the complexity and various configurations of the device, there
are numerous device designs.

This review is to give a summary of the currently available de-
vices and highlights some new developments. DPI devices can be
categorized as capsule based, blister based, cartridge based and
other types.

Dry Powder Inhaler

Dry Powder Inhaler (DPI) is a vehicle that is used to transfer drug
into body. The efficient delivery of drug into the lungs depends
on performance of drug delivery system and powder formulation.
DPI and drug chemistry need to fulfill safety, efficacity, bioequiv-
alence and reliability for product approval.

DPIs provide alternative to Metered-Dose Inhaler (MDI). DPI re-
quire a measured dose of powder ready to use by patient use. The
drug may be held either in capsule for manual loading or installed
in device and ready to use.

Once loaded the patient puts mouthpiece of inhaler into their
mouth and take a deep inhalation holding the amount of dose de-
livered is less than few tens of milligrams in a single push. Larger
powder may cause cough.

Most DPIs depends on the force of patient to inhale powder from
DPI. For this reason, particles that are small that are unable to
reach lungs any lead to reduced drug delivery. Due to various de-
sign and configuration there are number of devices.

Some categories of DPI devices are described in Figure 1.
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A: Inspiromatic device; B: Twisthaler; C: Nexthaler; D: Handihaler; E: Turbohaler; F: Easyhaler
Figure 1: Some of currently available DPI devices.
Key Physical Attributes for An Inhaler Delivery System

- Easy to use (Simple operation, dose counter, dose-ready indicator, patient feedback of dose administration).
- Discreet, compact, and portable.

- Easy dose loading (Uniform dose through life).

- Clean and hygienic.

- Separate doses.

Advantages and Limits of Dpi

Advantages Disadvantages
No coordination required Forceful inhalation needed to aerosolize particles
Not to be used with spacer Forceful inhalation needed to aerosolize particles
Portable and compact; Only used with drug that is dispensed with the device

multi-dose devices available

Single-dose devices with doses kept separately Must be kept upright or horizontal during inhalation
in sealed packs

Breath actuated Patients not to exhale into device once prepared
Chrystyn & Price. Prim Care Resp J 2009; Laube et al. Eur Respir J 2011

Table 1. Advantages and disadvantages of DPI.
Principles of Operation and Technology of Dispersion

Figure 2 shows the principles of DPI design. Most DPIs contain micronized drug blended with larger carrier particles, which prevents
aggregation and helps flow.
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Figure 2: Schematic diagram of dry powder inhaler formulations and dispensing powder mechanisms.
Ideal Characteristics for Dpi Device

- Device should be easy to use.

- Convenient to carry.

- Contain multiple doses

- Protect the drug from moisture.

- Indicate the doses remaining i.e. audiovisual.

- Accurate and uniform delivery of doses over wide range of inspiratory flow rate.
- Consistent dose delivery throughout the life of the inhaler.
- Optimal particle size of drug for deep drug lung delivery

- Suitability for a wide range of drugs and doses.

- Minimum adhesion between drug formulation and devices.
- Product stability in the device.

- Cost effectiveness.

Classification of Dpi Device

Dry powder inhaler devices are mainly classified by dose type. (Figure 3)

Figure 3: Classification of DPI device.
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e Capsule Based Devices

Capsule based devices generally have a chamber where capsule is placed. The capsule is broken by external force by action of twist or
pins. Powder is released from the capsule and inhaled by patient. Examples of Capsule based devices are listed in Table 2.

No DEVICE NAME

Aerohaler

—

Aeroliser (Figure 4)

Arcus

Breezhaler (Figure 5)
DOTT DPI

FlowCaps

Handihaler
Podhaler
Redihaler

O 0| Q| | | | W

—_—
=]

Spinhaler

11 XCaps

Table 2. Examples of capsule based inhaler devices.

- Aecrolizer (Figure 4) consists of capsule chamber, air inlet, pins near the air inlet, grid in between the capsule chamber and the
mouthpiece. The powder is released from capsule by piercing the capsule by the pins. It is usually used for asthma.

Air ourtlet
+
T
/ s
Mouthpiece
Inhaler
Grid chamber
Capsule
Airinlet
gl
Alr Air
inlet —Jp I—D 4— inlet Origi 1/3 mouthpiece 1/3inletsirte  Cross grid
length

Figure 4: lllustration of Aerolizer.
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Figure 5: The Breezhaler capsule-based dry powder inhaler.

- Rotahaler (Figure 6) The device has a barrel-shaped cap and body shell. The cap has two holes, one for capsule insert and the other
one is for air inlet during aspiration. The body serves as a mouthpiece to be inserted into mouth. There is a grid between the cap and the
body. The grid has many functions, it generates small eddies and allows high speed collisions for the drug particles. The space between
cap and grid is the capsule chamber. When in use, the patient inserts the capsule prefilled with the drug into the cap. The drug powder is
released from the capsule into the device chamber by twisting the cap and body. Powder will fluidize when the patient breathes through
the mouthpiece. Drug particles pass through the grid and eventually deposit in the lung following the air stream.

Hole for
inserting
Barrel retseap
Air Air inlet
outlet
Capsule
,..--"" inlet Rota chamber

Grid
Figure 6: lllustration of Rotahaler.
* Blister Based Devices
The blister based DPIs have a ring of aluminum blister inside the DPI device. Each blister contains one dose of drug pre-dispensed.

Dose is indicated by a dose counter installed in DPI. Drug powder is released by piercing the blister before inhalation. The drug powder
is carried away by the air stream created by the patient’s inhalation.

Z
°

DEVICE NAME
Acu Breathe

Aspirair
Diskhaler
Diskus

Forspiro

Gyrohaler

Meadwest Vaco
Microdose DPI
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Table 3: Exemple of Blister based inhaler devices.

- Microdose DPI is an example of blister-based devices. It has a
piezo electric vibrator that converts electrical energy to mechan-
ical motion. A blister is burst before patient breathe. Activation
of this vibrator depends on threshold level of air flow inhaled by
patient.

- The vibrator pierced the blisters and release the drug to be
inhaled by patient. Micro dose has been developed specially for
pulmonary delivery of drugs (Figure 7).

- Inhaled atropine is being developed as a systemic and pulmo-
nary treatment for the extended recovery period after chemical
weapons exposure. Micro dose DPI is used for delivery of Atro-
pine.

*Jetting' Deaggregated

| w_r.tlon / particles

INSPIRATORY
AR FLOW

=
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Blister ’m’

Piezo

Figure 7: lllustration of Micro dose DPI.
e Cartridge Based Device

The cartridge-based device has a powder chamber to store drug
powder. The device has a mechanism to dispense the powder each
time during inhalation. This Multiple use device has a dosing me-
ter. Table 4 summarizes some examples of cartridge-based devic-
es.

DEVICE NAME

Z
°

E flex

NEXThaler

PADD

Pulmojet

Spiromax

Swinghaler

Ultrahaler

VIP inhaler

=} Ne N RN No W RO, NNy RUSH B (O N

Xectovair

Table 4: Example of Cartridge based inhaler devices.

- The Novolizer is example of cartridge-based device. It has a
button connected with a lever. The push lever relates to a bar that
is linked with the powder chamber. It can be used multiple times
(Figure 8).

- A Metered amount of drug powder is stored in a metering
cavity besides the sliding bar. The metered drug powder is then
moved to powder channel through the sliding bar when the button
is pressed. Drug powder in the powder channel is then inhaled into
the lung through the cyclone-based mouthpiece.

Dose indicalor window

Cartricge

Mouth piecae

Cyclone basa

Metering slide —

mMatering cavity Powdear channal

Shaat flow

Sheat Now

Figure 8: Illustration of Rotahaler.
Conclusion
Drug powder inhalation is fast growing area. These devices play
key role in efficient inhalation of drug and provide quick intake of
drug. This review summarizes basic information regarding DPIs,
types of devices and their mechanism.
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