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INTRODUCTION

Inhalation therapy may be described as a method of
introducing medicinal compounds in the form of finely divided
solid particles or fine liquid mists, into the respiratory

systen in order to produce intended local and/or systemic

therapeutic effects (1).

Medicinals used in the treatment of nausea have tradi-
tionally been administered wvia oral, parenteral or rectal
routes, Lach of thesge methods has certain disadvantages:.

1) oral medication reguires at least onefhalf hour
o produce an gffsct, and then it may not ke tolerated by the
patient,

2) pareﬁﬁ%rais are rapid, but they re@uire sterile
conditions for preparation and do not lend themselves to self-
administration,

2

Bk

suppositories are both relatively slow acting and
inconvenient to use.

For these reasons and the inherent advantadges of aerosol
)

1~ therapy, an aﬁtinausaaﬁt effective via oral inhalation would
be beneficial.

The follewing advantages of medicinals administered
via oral inhalation have been summorized:

1} medicinales formerly given as an injection can be

oW

rivan by inhalation, thereby making it more convenient for

self-medication by the patient rather than by medically




trained personnel,
, 2) response to drugs when administered by inhalation
is prompt, faster in onset of activity as compared to drugs
‘given ovally, and with most drugs approaches intravenous
therapy in rapidity of action,
3} since the drugs are absorbad directly into the
- blood stream via the lungs, there is no decomposition or loss

of drug in the gastrointestinal tract, as when the drug is

adninistered orally,

4} the dangers of giving medicinals by injection
{trauma, embolism, sterile abscesses, etc.! are avoided since
inhalation therapy will often replace an injectable product,

5)  the use of medicinals by inhalation does away with

th

1]
o
Fi)
v
G
.
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vasity for elaborate sterile preparations necessary for
parenteral administration (2).

Acooydingly, it would seem appropriate that studies be
conducted on the develcopnent of an oral inhalation dosage
form antinsuseant. The present project will consist of
develeping and testing a series of aerosol formulations to
determiné their feasibility in antinauseant therapy. In vitro
pfessurey valve release, spray pattern, particle size, and
aging studies will be performed. The present work will also

include an in vivo evaluation of promising formulations,
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— form is convenient touse and-allows for a-greater degree

SURVEY. OF THE LITERATURE.

The aerosol dosage form for the application of
therapeutically active ingredients represents one of the
major advances which has occurred in pharmaceutical tech-

nology during the past decade. Since the aerosol dosage

of flexibility in administering medicinal agents than oﬁher
dosage forms, its use has become widespread and has exteﬁ&ed
to almost all types of pharmaceutical and nedicinal prepara-
tions (3).

The mame “aerosel® in its scientific sense danotes &
colloidal &ygt&m.cﬁnsisting of fineiy‘divide& liguid or solid
particles dispersed in and surrounded by a gas: typical
examples are smoke and fog. The particle siwes are usually
less than ten microns. Now, however, the name *aerosol” is
accepted for a container filled with a 1iquefie& propelilant
plus functional product fitted with a press-button valve,
and pressurized packs aye commonly Lunown as aerosols {43,

| There are three broad groups of modern pressurized
- packages. These include:

1) space sprays, which are finely divided sprays,
exhibiting particle size ranging up to 50 microns in diameter,

2) surface coatings, which are also sprays, but are
coarseyr in size, "wetter," and designed for continuous film

formation on a surface,



3} aerated foams, produced by the expansion of certain
propellants "through' an -emulsion, giving rise to numerous
small bubbles. Examples include shaving creams and whipped

toppings (B},

Histoxy
While the development of the pressurized package as it
is known today is of rather recent origin, the atomization of

particles for use in aerescl therapy is not new. Such devices

as burning sulfur candles to disinfect aix, spraving operating
rooms with germicidal materials, and inhalation of the amﬁk@
of asthma powder are early examples of aerosol therapy (3].
Steam, or medicated steam inhalation, and the inhalaticn of

. the gieoke from burning séramonium leaves ére also early and

perhaps £till uzeful examples of aerxosol therapy of the lungs

,Sh&phérd’€7} stated that as early as 1899, Helbing and
Pertsch suggested means of propelling confined substances
through ﬁgb of Jiguids such as methyl and ethyl chloride, 1In
1901, 1@42, and 1939 Gebauer was issued patents describing the
ﬁse of pressurized packages for dispensing medicinal agents
such as tannic acid and ethyl chloride. In fact the‘use of
ethyi cﬁlarﬁda as a local anesthetic is considered by many to

£

be thwe forerunr

i

r of the present day aerosol (7)., Seyer%l

antiseptic solutions and perfume aerosbls were develioped using

carbon dioxide as the propellant. | |
Othwer chemical agents ware invesﬁiqzted during the

11830%s a3 possikle propellants, including fluorinated chloro-

hydrocarbons which were origi 1y developﬁd as refrigerants.
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One of these materials, dichlorodifluoromethane, was used by
Goodhue and Suilivan as the propellant in their aerosol insec-
ticide which they ﬂeﬁéloped for the U, S. Department of
Agriculture. Thase insecticides were used by the Armed Forces
during World War II to combat the various insects which'céused
diseaée among overseas troops. The aerosol was packaged in a
high-pressure cylinder of heavy steel construction and had a

vapor pressure of 70 pounds per square inch guage (psig)? at

70° ¥. Interstate Commerce Commission regulations necessi-

tated a heavy, bulky steel container for shipment of these
products (3), The first low pressure formvlation containing
dichlorodifluoromethane was not developed until mid 1943 (8).

Following World War II newer propellants, valves, and
containers wers déveloped go that a spray posseﬁﬁiﬁé the
proper particle 3ize could be produced using a pressure of
35.40 psig. An amendment to the regulations of thé Interstate
Commerce Commission in 1947 made possible the use of a thine-
walled container by permitting a pressure of 40 psig at 709
in essentially a "beer«type* container, Other container
developments included the use of stainless steel and aluminum
as well as glass and plastic..

Another area of development essential to the succegs
of the aesrosol package concerned the valve, Various valves
were developad in ordervto dispensge the product in the form

of a fine stream, a fine mist, a coarse spray, or solid stream,

a « 'The term "psig" represents the uncorrected pressure and
is to be distinguished from “psia” (pounds per sguare inch
absolute) that is corxrected to include atmospheric presge
sure (14.7 psigl.
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8till another development included the metered valves which
are essential for medicinal aerosols. These valves make it !

possibkble to dispense guantities of medication vanging from 50

mg. to as much as 30 grams accurately.

The first serosols for consumer use appeared in the ‘ ‘
United States in 1947. At that time, the serosol insecticide :

was essentially the only aeroscol product zvailable. ¥From
1947 to date the aevosol industry has grown from a total

production of about 5% million units per vear and only ene

product, to & production of over 2% billiom units a year in
1968, reprasenting a multitude of products (3).

The growth of pharmaceutical and medicinal aercsols
has also been phenomenal, In 1964 there was a total volume

of Aess than 50 million units (2). In 1968 well over 50

"

B
Koo
Ha

iiliion units were produced in the United Stetes. This rising

oot 1

ﬁaﬁai ingludead a“vari@tyvcf over 60 different aerosol products.
When it is noted that less than one million units of these
products were produced in 1952¢ the newness of the develop-
mént and the increased interest in this area are quickly

realized {3).

The.Aeroscl;Principie

The relatively simple principle upon which the asrosol
mechanism is based considers that a compressed or liquefied

- .

- gas exerts a force upon the- internal surfaces of the container
in which the gas is enclosed.

The‘pressure.of an aerosol system refers to the pres-
suxe beithekertedvbyvthe_vapor within the container, A

“liguefied gas in a sealed container appears within the



container in two phases. One is the liquefied gas itself and
the other is composed of the gas vapor which has volatilized
from a part of the liquid and fills the space above the liquid.
It is the pressure of the vapor in equilibrium with the liquid
which exerts the force against the internal walls, the liquid,
and all accessory packaging components wifhin the container.
As the aerosol valve is opened, and the container's contents

have access to the atmosphere, these contents are propelled

out of the containexr by the higher than atmospheric pressure

condition within. The vapor pressure referred to may also be
supplied by a noncondensable gas which has been compressed

within the container (5).

Liguefied Gas Systems

Liguefied gases have been widelv used as propellants

“For many aerosol products. These coupounds are usefunl for

“this purpose since they are gases at yoom temperature and

atmospheric pressure. However, they can éésily be ligquefied
by lowering the temperature below the boiiing point ox by
increasing the pressure.

Most of the liquefied propellants used in aegogol
formulations exhibit solvent characteristics Similax te non-
peolar organic solvents. They are very poor solvents for polarw

compounds and are immiscible with polar liquids. In instances

‘where solutions of polar substances are desirable or required:

these propellants cannot be used alone, At times, howevar,
'the;us@ of co~solvents can solve the solubility problems.
Aerosol terminology defines the two-phase system as

having one vapor and one liguid phase. Anv nonvolatile



material dissolved in the liguid phase is left suspended in
air as a fine dispersion immediately after spraying as the
liguefied propellants boil rapidly away. Because of the poor
solvent power of the halocarben propellants for polar com-
pounds, only nonpolar materials are directlywdissolved by themn,
Efforts to increase the solvent power of the liquefied halo-

carbon propellants have centered mainly on the use of

- co-solvents. The added solvent becomes an important factor

in such systems. It not only diversifies and enhances the

Lol bl

weompounnds s the us

solvent action of the propellant, but also exercises a con-~
siderakle role in determining the characteristics of the spray
produced and the applicability of the solution (10).

One method of obtaining sprays containing water soluble

,~
i
&

=f the threse-vhase system, This aerosol

regnltains watey oy an agueous solution plus the liguefied pro-

P

cwellant which forms a sepavate layer, either below or above

the aquecus layer, depending on relative liquid densities.

The two immiscible liquid lavers and the vapor in the head-
space of the sealed container constitute the “three phases" of
such systems. When the propellant layer is on the bottom of
the container, a dip tubes, or standpipe, must be attached to
the valve and its length adjusted so that it does not extend
into the liquid propellant phase., In such a system, the aque-
ous layer is maintained as a soiution until spréyed, Actually
the propellaﬁt phase ser&es to supply the pressure requireé o
force the aqueous solution up the dip tube and out of the con-
tainer. It does not materially affect the character of the

spray; this becomes the function of the valve components and



solvent system (10).

Conpressed Gas Aerosols

Compressed gases are used to dispense the aerosol prod-
uct ag a solid stream, wet spray, or foam, These products
utilize an inert gas such as nitrogen, carben dioxide, or

nitrous oxide as the propellant, As the name indicates, the

~gas is compressed in the container, and it is the expansion of

the compressed gas which provides the force necessary to expel

Lt

the contents frqm the container (3). This type of system has
é@rtain inherent disadvantages: |

1) a large gas space is required in the container to
maintain sufficient pressure to empty the contents,

2) pressure decreases as the contents are discharged

wiving rise te changes in the nature of the spray,

3} the possibility of misuse causing an accidental

discharge of gas sontent which produces an inopeyxable prod-

uet (10).

Qther Svyvstems

l. Piston Type

Since it is difficult to completely empity the contents
of a semisolid from an aerosol container, a piston type aexrosol
system has been developed, This utilizes a free moving plastic

piston in a coated extruded aluminum container. The concen-

trate is placed inte the upper portion of the containex. The

product itself provides the seal between the piston and the wall,

The pressure from nitrogen (100 psig) or a liquefied gas pushes

against the other side of the piston;, and when the valve is
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opened,  the product is dispensed. The piston scrapes against
the sides of the container and digpenses most of the product

concentrate {(11).

2, Plastic Bag Tvpe

This systenm consists‘primarily of a metal container »
equipped with an inner plastic bag that holds the prodﬁct, The
pressure that forces the product out of the plastic bag and

threugh the valve is supplied by the propellant which is loaded

thyrough the bottom of the can and remains outside the bag. The
plastic bag, therefore, serves as a bafriar that prevents the
propellant from coning into aontact_with the product. These
systems have a number of advantages and should open up thé
field for wmany new products (11).

3. Aspirator {(Venturi) Svstamns

Several new systens are bhased on the aspirator princie-
ple. The propellant is kept apart from the product until dis-
charge. The assembly consists of a power unit, which contains

the propellant and a product container, The latter is at

atnospheric pressure at all times: therefore, its construction

is not limited by pﬁessure regulations., This allows consider-
able flexibility in the design of the product container as well
as in the materials of construction (12),

4, Co~Disvensing System

This system was developed to separate the reacting

ingredients that are used in the production of hot foams. This

unit is inserted into a regular aerosol container and crimped
in place in the usual manner. The oxidizing agent is placed in
the inner container. 2 reducing agent is mixed with +the emul-

sion Fformulation and placed inte the outer container.

p T e

eIl TS



When used, a measured amount of each component is
dispensed and allowed to mix in the valﬁe. An ex@thermic
reaction results with the liberation of sufficient calories
to heat the foam. This system has been used to dispense a
hair conditioner. and can be used for a variety of pharmaceu-
tical pro&ucts‘where'heat méy be desired or where incom-

patible ingredients may be present (3).

Propellants

One of the most intriguing aspects ggraerosol formula-
.ﬁian‘is the dual role played by most of the'currently avail-
gble propellants. These supply the:necessary‘energy»required
by the self-propelling features of the aerosol, and, in addi-
tion, become an'integral component of the contents, In nauny
instances t@@'prdgallant ugéd may be quite satisfactory in
aﬁpplying pﬁaésuﬁés but at the same time introduces serious
bproélemﬁ which affect therapeutic'efficiency and’praduct
stability. It can be seen that the choice of propellant in

- an aerosol formulation is of critical importance.

1. Liguefied Gases

 The liquefied gas compounds have found widespread use
as propellants since they are extremely effective in dispers-
ing the active ingredients into a mist or foam depending on
the form desired., In addition they are relatively inert«and
nontoxic. They have the-added advantage that the pressure
within thé container remains constant when these gases are
used as propellants. OFf the two types of liquefied‘gases
used, the fluorinated hydrocérbons have found greater use due

to their nonflammsbility than the flammable hydrocarbénsa



However, the hydroccarbons are less expensive than the
finorocarbons and are finding increased use in shave foums
and other water based aerosols.

" Several of the fluorocarbons have been used as pro-

A

yaellants., In fact a majority of commercial aeroscl products

make use of these materials as propellants (13). These pro-
rellants are primarily derived from methane, ethane, and
cyciobutane by replacing one or more of the hydrogens of |

‘these compounds with chlerine and/oy fluorine (3}.

The most unique member of this family of propellants
is octafluorocyclobutane (Propellant C-318). Thisg none- |
chlorinated cyclic compound is considered the most stable of
the halocarbon propellants and has been cleared for use with
widible products (10).

o Invafdey {2 refer easily to the fluorinated hydro-
féa&hans a relatiﬁély simple system of nomenclature was
déveldped by the iefri@eration industry. A numerical desig-
‘nation is used to identify each propellant (14). 7The rules
for numerical designation are as follows:

1) all propellants are designated by three digitsa
When the first digit is zero, the propellant is designated
by two digits,

. 2) the first digit is one less than the numbeyr of
carbon atoms in the compound. Where there are ohlyvtwo
digits, zero is understood to be this figure and indicates
a methane derivative,

3) the second digit is one more than the numbexr of

hydrogen atoms in the compound,



4)  the last digiﬁ represents. the number of fluorine
atons, |

5) the number of chlorine atoms in the coﬁpound is
found by subtracting the sum of the fluorine and hydrogen
atoms from the total number of atcms which can be added to
saturate the carbon chain,

6) in the case of isomers each has the same number

and the most symmetric one is indicated by the nunber alone.

il |

st s

As the isomers become more and more asymmetric, the lettexr a,

b, ¢, etc,, Follows the number,

. 7)  for cyclic compounds a C is used before the nume
ber,
Several chlorinated hydrocarbons have been used as
propgilants or in combination with othex propellants in

various type serosols. Vinyl chloride, methylene chloride,

“andtrichloyoethane have been used, They are especially use~

ful in inse&ticidél sprays, certain hair sprays, and room
decdorants (3). |

Hydrocarbon propellant gases, such as propane, iso-
butane, andm-butane have seen limited use in nonpharmaceutical
aerosols. Theif chief disadvantage is their flammabiiity when
used alone, but it is claimed that this hazard is minimizéd
when these compounds are mixed with halocarbon.propellants~

The possibility of leaks of these flammable propellants From

- stored containers, however, has become a matter of concern.

The danger of containers failing or being crushed in shipment,
when exposed to excessive temperatures, could present a

serious explosion risk with gases such as butane (15).
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2. Compressed Gases

The compressed gases such as.nitrogen, nitrous oxide,
and carbon dioxide have been used as aerosol propellants.
Depending on the nature of the formulation and the valve
design, the product can be dispensed as a fine mist, foam,
or semisolid. Unlike ﬁhe liquefied gases, however, the co~
pressed gases possess 1ittle‘expansion power and will produce
a fairly wet spray and foams which are not as stable as lique-

fied gas foams. This type of system has been used mainly to

- dispense food products and for nonfoods to dispense the product

in its original form as a semisolid {16).

“Containers

There are several requirements for containers which
héﬁéa products &ﬁartiﬁg é prasﬁufe greater than atmoespheric,
 F&rhéps the'majoﬁbcancern is that thav should be substantial
:réméﬁgh‘to aéﬁﬁaiﬁ pressure safely throughout'the anticipated
shelf life of the product and during various expected condi-
tions of storage and use, Such considerations prompted the
ecarly ﬁse of heavy, thick walled steel cartridges as the first
fluorocarbon gases became available (5), The first &isp@sable
aerosol cans appeared in 1947, They were modeled after bheer
cans, Initially they were available only with plain tine
plate interiors, but, later, containers with single, double,
and even triple linings were.developed to help control corro-

sion (17).

1. Tin-Plated Steel
The selection of containers is quite varied and each

type of container presents different problems. Of all the
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metal containers the most popular is three piece tin-plated
stesl becauss of its Low coet, high strength, light welght, |

and relative ease of Ffabrication. It is also, however, sus-

[

ceptible to corresion. Plastic linings increase the resis- .

tance of these containers to corrosion, but again increase.

[ Ve SR

the possibility of contamination of the formula with plasti-

cizers and antioxidants. These linings must alsc be approved
by the FDA?for use with drugs {18). Most aercosol cans have

a soldered gide seam where the body is joined together, The

L

available with and without internul coatings. Corrosion is

problems in completely coveging thisvparticular area are so
serious that aven tm@&y.ﬁﬁ&;side seam is considered the most :
cﬁiticél»paxt of the canguf?mﬁ a corrosion standpoint (17].

2, Aluaminum

Aluminum conkainers may rossibly serve where tine ' ;

~

iated steel contaipers ars wnsabisfactory. Aluminum containers

avallable as dwo-picce and one-plece units, and ¢ach is

as much a consideration for aluminum cans as it is for steel

containers. In fact, it is offten more difficult to observe
corrosion in aluminum. The one-piece aluminum can offers more.

resistance to electrolvtic corrosion than the two-piece can.

‘Even though the two-piece can is made completely of aluminum,

there is a difference bestween the bottom and walls of the con~
tainer. Because both pieces undergo a different. type of
fabrication, the metal alloys are a little diff&:&nto

3,  Stainless Steel

“'Stainless steel containers offer very good resistance

to most products and;can accommodate very high pressures.

a ~ Food and Drug Administration.
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However, these units are very costly, are- available only in

small sizes, and are designed to accept 20 mm, bottle valves

which further increase the cost, These units usually serve

very weil when small dosages are +o be dispensed at high pres-
surés, and where cost is not a primary. consideration (18).

4. Glass

Glass containers offer very good protection for phar-
maceutical aerosol formulaticns since they de not corrode and

do not affect the drug (except possibly by adsorptivityl.

L

_There have been a few cases where the pH of the product had

changed appreciably due to the alkalinity of the glass, but

“the problem can usually be solved by the addition of suitable

buffering agents or if this is not practical, by requesting

Cone menufactirer to use Type T glass which is borosilicate

ceglass low incalkaiinity. The maximum allowable pressure of

LS psig for uncested glass limits its use: however, polyvinyl

éhlari&e éoated glass bottles can hold pressures up to 25 psig

and newer modifications will support pressures up to 40 psig

(18} | |
S. Plastic

A great deal of interest has been focused on the

development of a suitabhle plastic container., If and when this

b&é@mes readily available, it will be necessary to determine
the degree of permeation of the propellant and co~solvent

through the container walls, and the resultant effect on the

concentration of the active ingredients over extended storage .

paritds, Permestion of moisture from the atmosphere into the

plastic container could affect water sensitive formulations.
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Here, as in plastic coatings for metal containers, the
extraction of plasticizers, antioxidants, and mold lubricants
must be considered. Chemical compatibility between the plas~

tic polymers and the formula must also be resolved (18).

Valves
One ©f the most critical components of th@ aerosol
package: is the valve, It serves to seal the cantalnex heye

metically and to regulate the pasgsage of product from the

ek, 4w this regard, it influenc es %he characteristics
of the pzaduck, complementing the design of the formulation.
The valwe, along with the actuating device, may be selected
(to produce a fine or coarse droplet'distributian, a fully

~ expandad foamg a slow or rapid rate of product release, a wide
‘ﬁr NArLeWw smxav p&*terns or a continuous or precxsely measured
amﬁunt of p*ndwci;

i. C@nvenﬂlonal Valves

The conventional aerosol valve is. composed of several
basic components assembled together. Regardless of the manu-

facturer, in most instances, these parts are present in every

valve mechanism, v —

The actuator, which is often referred to as the button
or spout, provides a raplid and convenient means for releasing

the contents from a pressurized container. This component is

fitted onto the stem of the valve or is inserted into the valve

body and serwves as the final exit for product leaving the cone-
tainer as well as a neans of eas I}Y depressing the valve stem
to start the process (5)., The actuator provides the additional

functional use in allowing the product to be dispensed in the



18

desired form; that is a fine mist, wet spray, foam or solid
| styeam, = Mechanical breakup actuators are used in three~phase
| or compressed gas aerosols. In addition, special actuators
- are available for use with pharmaceutical and medicinal aero-
sols which allow for the dispensing of products into the mouth,
nose, throat, vagina, and eye (3).
The valve stem is the component actuated to bring

product forth from the container. The stem holes are posi-~

valve body and will permit its passage to the actuator.

The diaphragm or stem seal, which is made of rubber,
nost often Buna N or Neoprene, functions to seal the préduct
Fxom ﬁhe‘stem orificae, The dirensional tolerances of this

‘ﬁmmpgnent are carefully controlled to assure that product wili
not pass around thé stem when the aerosel is not in use.

The valve cup or ferrule is the external housing for
the valve parts and is the component which is affixed to the
container to hold the entire valve in place. The cup refers
generally to the one inch metal valve exterior while the word
ferrule‘is used tb describe the same functional part for bottle
valves,

The valve spring serves to return the valve stem to
its rest position after actuation. Most valve stems contain
a spring, constructed usually of thin guage stainless steel
wiré;~which is located at or on the base oflthe stem and is-
contained by the inéernal valve housing (5). The material

used to construct the spring is quite important. The iron

tioned so that when the stem is depressed ox tilted, they are — — o
' exposed below the stem seal into the product contained in the !

PR




that can be extracted from certain springs has been known to
cauge problems in some formulations. An example of this is
e?inephrine, whose biological potency.will decrease with as
little as 50 ppm of iron (19).

The valve housing or body serves to contain the stem

and spring and to hold the top of the dip tube at its base,

if one is used., The top portion of the housing is held in
place against the diaphragm, tightly sealed to prevent the

flow of vapor or product other than through its bottom orifice,

LRTIEL
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The dip tube or eduction tube, when uged, conducts the
product from the bottom of the container to the housing tail
orifice., When not used, the container is held in the inverted
position to release product (5),

The dip tube comes into intimate contact with both

Cproduct and propellant and therefore should be resistant to

. both physical and chemical attack. Nyl@h and specially

developed polyethyvlene or polypropylene compounds are the
materials most commonly used.

The tube should extend almost to the bottom of the con-
tainer. If the tube is too short, all of the product will not
be dispensed, while a tube touching the bottom of the container

will tend to block the passage of liquid. In this connection,

most materials used for dip tubes tend to elongate when

immersed in certain solvents and propellants for long periods
of time. This elongation should be anticipated when determin-
ing the length of the dip tube (3). Dip tubes are assembled
onto the valve with usually a iength tolerance of plus or minus

a sixteenth of an inch. They are usually cut flat at the



20

bottom, however, the serrated bottom is much preferred to
eliminate completely the possibility of sealing off om the
bhase of the container (5). ~ |

2. Metering Valves

Since their introduction in 1956, aerovsol metering

valves have found widespread acceptance in- the pharmaceutical %

' area, particularly for inhalation aerosols. Aerosol metering

valves are designed to deliver a fixed gquantity of material

ol

4n eontact with the contents of the package. Depression of

upon each actuation of the valve. The basic principle involves
a metering chamber and a dual valving mechanism. When the
valve is in the closed position, a seal is created between the
material in the metéring chawber and. the atmosphere. In this

position the metering chamber is allowed to f£ill since it is

#he actuator opens the wmetering chamber to the atmosphere E
ﬁhraﬁgh the channels in tﬁe stem and simultansously creates a E
seal between the lower portion of the metering chamber and the
contents of the package (20). The volume of the chamber in

which the isolated portion is held determines the quantity of

{spray per actuation. However, trade practice has been to take

no account of the specific gravity of the product-propellant
mixture and to list valves with different capacities as being é
able to deliver a certain number of milligrams per actuation,
e,d., 50 mg., 100 mg., etc,
Aside from delivering predetermined doses and thus
minimizing overdosage of active compounds, metering valves
offer another safety feature from the standpoint of aerosol

packages for medical uses: they prevent the discharge of
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laxrge volumes of comparatively high pressuwe gas into body
cavities. This is particularly true for nasal and oral

applications (3).

Fiiling Methods

The filling of aerosol containers can be undertaken by
two distinct methods. 1In cold filling, the product is placed
in the container and cooled. The propellant, also at a low .

tenperature, is then added and the container sealed. In pres-

il

puribl e g o

sure £filling, the product is placed in the containex at normal
temperature and sealed. The propellant is then introduced

under pressure through the valve. The danger of air being

-entrapped in the container can be avoided by evacuating or by
purging the container by the addition of a small amount of
propellant or nitrogen. Aqueous based systems must be pres—

sure filled as the contents may solidify on cooling (4).

Applications

| Aerosol technology has been applied to the formulation
of products containing thérapeutically active ingredients,.
Since there are various formulation factors to consider in

different systems, some concise definitions would appear to

be in order. The definitions of Sciarra (3) seem to be the

most useful.

A pharmaceutical aerosol may be defined as an aerosol
product containing therapeutically active ingredients disg-
solved, suspénded, or emulsified in a propellant or a mixture
of solvent and propellant and intended for topical administra-

tion or for administration into one of the body cavities such’



as the ear, rectum, and vagina.
Medicinal aercsols, or inhalation aerosols as they may
be called, may be defined as those aerosol products contain-

ing therapeutically active ingredients dissolved or suspended

in a propellant or a mixture of a solvent and a propellant and

intended for administration as fine, solid particles, or liquid
mists via the respiratory system or the nasal passages. They
are intended for local action in the nasal areas, throat, and

lungs, as well as for prompt systemic effect when absorbed

Fharmaceutical Acrosels
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‘from the lungs into the bloodstream (inhalation therapy).

The particle size must be considerably below 50 microns and

~in most. instances should be below ten microns and preferably

between 0.5 and 10 microns for maximum therapsutic response

f21, 22}, | |

Berosol dermatological or topical preparations were
probably the first aerosol pharmaceuticals to receive close
attention by marketers and to receive widespread acceptance
by consumers., Some of the advantages of dermatologicals, many i
of these also apply to all pharmaceutical aerosols, that have
caused the rapid acceptance by marketers and consumers are:

1} convenient, fast, and efficient application,

2) no waste or meésiness associated with applicator
or cotton swab,

3) reduced danger of contamination of the product,

4) the elimination of air, oxygen or light in the
product reducing unwanted reactions within the product or loss

of active ingredients,



5) prevention of drying out of product,
6) reduction of irritation by mechanical application,
7) application in a thin layer, resulting in faster

absorption (9).

Medicinal Aerosols and Oral Inhalation Therapy

Inhalation aerosols are'probably-one of the greatest
areas of opportunity for future growth in the pharmaéeﬁtical

industry. There are several advantages, previocusly mentioned

in the introduction, to be considered in the use of oral !
inhalation aerosols for the administration of drugs, In addie
tion to the aforementioned advantages, it has been stated
that aerosols offer reproducibility of amounts delivered that
iSNSuperior to oral liquid preparations disp@néed by teaspoon
§ﬁ~droppar and that ccmgaze'favarahly with wgiqht vafiations
5§éimi£ﬁad for harvd gelatin capsules {23).

.  'in light ©f these facts, it would be well to discuss
the respiratory system before discussing aerosol therapy in

detail.

The respiratory system ox tract consists of the nasal ‘
passages and the mouth opening into the pharynx, the larynx,
the trachea, the bronchi, and the lungs.

Air enters the nose or mouth, passes into the pharynx
and thence into the larynx. The larynx and pharynx are sepa- |
rated from one another by the epiglottis, which permits the
passage of air or materials suspended in air, but prevents
the passage of liguids or solids into the larynx during the
swallowing process. From the larynx, air entexs the trachea, : ;

which divides to form the upper bronchi. Smaller air ,



passageways, called.terminal‘bronchioles,.arisavfrom the
bronchi. These terminél bronchioles subdivide into vespira-
tory bronchioles which give rise to the a]veolar due%s (five
ox six per bronchiole). After branching a varzdble nunmber of
tlmes each alveolar duct terminates in several alveoclar sacs
(three to 51y) the walls of which contain pouch~like struc-
tures termed pulmonary alveoli. From the area of the respira-

tory brenchioles to the pulmonary aleveoli, true respiratory

From the oral and nasal cavities to the terminal
bronchioles, these structures are for the most part 1iﬁed
with mucosai tissue well supplied with arteries and veins.
Thus, the surface they present to materials to be absorbed
is similar to the lining of the stomach or intestine. H@w%
ever, there are also cilia, or hair-like projections present
jwhich beat rhythmically and tend to propel the sheet of mucous
which énvelopes them in the direction 6f the mouth., This is
the mechanism WherebQ the body entraps and expels foreign
particles entering the respiratory passageways with atmose-
pherip air. Not all suspended materials are eliminated in
this way, the limiting factor being the size and mass of the

pafticle, and the diameter of fhe air passageways. The lattex
bis less important than the former when it is considered that
the mechanism for yemoving particles from the air is so effi-
cient that mest particles larger than five microns in diametex
are prevented from éntering tﬁe lungs by this means. On the
other hand, the smallest respiratory unit, the alveolar duct,

has a diameter of about 200 microns. There is, of course, a
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ninimum to the size of a particle that will be retained within
the alveolar sac. Thus, those particles that tend to remain

suspended within the alveolar air would be expelled during

"expiration, these particles usually smalleir than. 0.5 microns.

Particles between these limits (0.5 to 5.0 microns) would tend

to fall agaimst the alveolar walls and mix with the alveeclar
f£luid.
A factor which contributes greatly to the respiratory

function of the lung is the thickness of its walls. ¥From the

_respiratory bronchiole to the alveolar sac, these walls con-

gist of thin connective tissue in close contact with under-

lying blood wessels. In fact, the walls of the pulmonary
alveoli comsist of a single layer of epithelial cells with a
single capiilary between adjacent alwsoli, so that, in most
ingtances, makerial in the alveolar cavity is separated from
circulating'hleoﬁ by only twe membranes, the alveolar and the
capillary walls., The area of the exchange surface of the lung
nust also be wonsidered. This is estimated to be about 55
sguare meters or about 25 times the surface area of the skine.
If it is kept in mind that this is also the area of the avail-
able adjacent blood supply, the rapidity of absorption in this
area will be more readily understood {(24),

One of the most important considerations in the useful-
ness of a drugy substance is whether or not the material is
soluble in kody fluids aﬁd, therefore, capable of being
absorbed. - Thms,,a'drug to be given by inhalation therapy must
be soluble im natural secretions.  Very slowly soluble and

absorbed substances would probably also be proscribed. These

I T
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materials are likely to act as foreign bedies and produce
some degree of irritation or, as in the case of mineral oils,
produce a type of lipid pneumonia., It should be poiﬁted out,
however, that the body does possess mechanisms fér femovinq
insoluble materials deposited in the alveoiarJSACS. * The
question then ccncerns the efficiency of théée mechanismsa'

Small gquantities of particles are usually handled without

incidence by various types of tissue cells which engulf them

and prevent harm, but in cases of layge gquantities of par- |

ticles, the mechanism breaks down and fibrosis of the tissue
freﬁuently results,
If it is determined that a material may be administered
‘by inhalation into the lungs, then the next step is to obtain
fan aerosol of the optimum particle size range of between 0.5
vand 5.0 nicrons. (It is necessary thet a larde majority of 'i
+the particles fall within this size range. Larxrger particles f
would deposit on mucosal surfaces and be slowly absorbed,
while smaller particles would be expelled., The former would |
defeat the purpeose of inhalation therapy, whereas the latter %
would result in inadequate dosage, |
Iﬁ regard to particle size, two other physiological
factors should be mentioned. FPirst of all, the respiratory
system functions as an efficient hunidifying mechanisn, It
is obwvious, then, that hygroscopic materials would tend to
“increase in sizebwhen introduced into the lungs. Secondly,
Cif afmaterial capable of causing broncho-constriction were
inhaled, then the resulting narrowed lumen of the airways

¢ou1d conceivably reduce the amount of drug reaching the
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alveolaxr spaces.

¥Finally, it should be:pointed out that the rapid
absorption of materials by the lungxdepends upon the effi-
ciency of the absorption surface. If the lung is affected
by some disease process, then absorptive<efficiency is
reduced, . For~example, in pneumonias, up to 75 per cent of
the alveolar spaces could be rendered useiESS for either

respirvatory or absorptive function. It is necessary to con-

sider the presence of pathological pulmonary conditions when

aerosol inhalation therapy is being considered for anything
other than its local effects (24).
There are several ways in which a medicinal can be

formulated with a liquefied gas to produce an aerosol, If

dhe medicinal ds soluble directly in-the propellant, a clear
“golution is produced., When this solution is dispensed from

“the container, the propellant will vaporize, leaving behind

a fine dispersion of the medicinal either as liquid or solid

particles, depending upon its physical characteristics, Proper

choice oOF propeliant, valve, and actuator will produce the
proper sized particles. However, most medicinals are not
soluble directly in the propellant and may be rendered soluble
by use of a co-solvent. Considering the number of solvents
that are miscible with the propellants‘and vet are safe to use

internally, the prxoblem becomes apparent. Very few solvents

*“fall into this category, Ethyl alcohol has been used in a

concentration of about 30 per cent as a co=-golvent for some
medicinal aerosols. The usual advantages and disadvantages

of ethyl alcohol are present. Some other solvents that may

e
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be useful but have not bheen fully tested to date are:
polyethylene glycol 200 to 400, methoxypelyethylene glycols,
dipropylene glycol, and hexylene glycol. The toxicity of
these compounds must be considered not only when théy‘are
given erally but by inhalation as well.

Water is a good solvent for many medicinals but, unior-

tunately, water is not miscible with the propellants. Héwever,

it may be possible to fornmulate aguecus systems in a three-

phase aerosol using suitable baffles to produce desired par-

tiéle size, This type of system would overcome many of the
problems dealing with the toxiciﬁ? of the co~golvents and the
propellant. |

For those medicinals which are insoluble, or can be
~-made insoluble in the prbpellant, a dispersed system may be
possible.

To have the lungs retaln a reasonable percentage of
particles inspired, the particles must remain above a given
criticai radius, which has been shown to be approximately 0.5
micron., When the medicinals are liquids, the very fine mist
of droplets which is formed disappears quite rapidly because
of the small size of the droplets. This results in droplets
of varying particle size, many of them falling below O.S
micron; This rapid evaporation is due to the decreased prese
sure within the respiratory tract, making evaporation moré
rapid. The particle size can be stabilized by the addition
of glycerin, urea, sugar, and some salts. These act by
decreasing the vapor pressure of the medicinal solution, thus

decreasing their rate of evaporation (24).

s e
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Many medicinal agerits lend themselves to administration
by inhalation., In fact, any drug given by intraVGHOQS'injeCm
tion can, in most cases, be reformulated into a SUitéblé
aerosol,

On the basis of the great number of possible advantages

of oral inhalation therapy and the inherent disadvantages of
many currently used desage forms for the administration of

antinauseants, it would seem appropriate that studies be con-

antinauseant. Thus, the objectivesuof this research project -
will be to develop a series of aerosol formulations and to
‘determine their feasibility in antinauseant therapy. Appli~
i cable in Xiggg{agd in viveo evaluation tests, including
k stability Studiﬁé will be performed, Test resuits will be

compared and correlated with the obiective of devising use-

ful formulations for further study and development.

TR (L




EXPERIMENTAL

Pormulation and Preparation

Initially, a review of the literature with gpecial
enphasis on formulation techniques, propellants, solvent

systems, and medicinals useful in the treatment of nausea

was regulired.

iIn the present work, it was proposed to use achive
ingredients of proven worth in controlling nauses.
Scayolamine hydrobromidea, Diphenhydramine hy&yaﬂhimriﬁ@b”
Bimenhyﬁrinatec, and Cyclizine lactated wera the agents
«chosen., A1l of these campaundsuhave‘been usad for seveyal
-years. and have demonstrated their satety and efficacy.
These agents also possess the desired solubility for this
project, i.e., water and/or alcohol solubility. These
medicinals may also be administered by intravenous injection

5

which indicated the possibility that they counld be reformil-
lated into suitable aerosols (24).
‘Since the ultimate preparation was intended for inter-

nal use, it was vital that the propellant chosen possess a

a -~ Available from Inland Alkaloid Co,, St. Louls, Mo,

n

b « Available a
Mich.

. ' N ‘ ' . :
¢ - Available as Dramamine  £rom G, D, Searle and Co,, Chicadgo,

Il1.
. o B ; y
. as Marezine from Burroughs Wellcone and Co.,

d - Available
¢h Triangle Park, N, C.

L R
1R A
Resear

8 Benadrle from Parke Davis and Co,, Detroit,

i, | e ICSR
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|
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approved by the Food and Drug Admindistration for use as a food
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wery low téxicityo Tﬁérefare, the prcpellantAehosénawag
&Ctafluar@cyclobuﬁane, Freon ¢~318%, This compound has a
reported vapoer pressure of 25.4 psig, a density of 1.51 at
70% F., and'is'nonflammableﬁ Freon C-318 pxopellant,is the

most  chemically inert of the "Freon® propellants and has been

propellant., Freon C-318 is considerably more expensive than

the common "Freon" propellants, and is, therefore, limited in

DOOY — -
L 1 C

mfter delivery. The solwvent systen chosen must be non-toxic,

#he system. Very few solvents fall into the above categories.

vent characteristics, and literature review the zolvent sys« -

its use in nonfood aerosols. It jis also an extremely g
solvent {25),
The choice of solvent system as well as propellant is

of critical importance in any aerosol product. These agents

profoundly influence the particle size of the aeroscl product

pon-irvitating and compatible with the other components of

Certain solvents have bheen mantioned in the literature (24). q

Therefore, on the basis of the above mentioned criteria, sol-

tems chosen consisted of varying proportions of water, alcohol

95%, and propylene glycol. The latter two ingredients may act

as co~solvents., The solvents chosen have a low toxicity and,
therefore, overcome many of the problems encountered in aero-
sol formulation. Propylene glycol also has: been reported to

stabilize particle size (24).

& - Ava;]ab?e from E. I. du Pont de Nemours and Co.,- Inc,,

Cryganic Chemicals Dept., "Freon" Products hlVlsion,
Chambers Works - Deepwater, N. J. ' :



Prelininary tests were carried out in Fischer-Porter

+tubes® o determine the type of system resulting from the

mixture of. solvents and propellant, to determine the amount:

of propalldnt necessary to dispense all of the product, and

to determine the‘mcst'efﬁiciEnt maethods of handling the:

active ingredients, solvents, propellant, containers, and
valve mechanisms,
Finally, four basic solvent-propellant systems were

chosen for evaluation with each of the four adtive ingredi-

2

pfrgatbd i e ol

. ents, On a volume-volume basis, the formulations were:

Formula Ab

WatOA, purlflﬁd s o & & o . & ¢ ¢ o 50%
Octafluorocyclobutane (Prean Cm318} - o 50%

Formula Bb

Wateﬁr purifi@d a & © @ $ & e .8 © & ¢ o 25%

AiCQth Ua'So P 9w & o 6 25%
Octafluorcayclobutane €Ffﬁﬁn ¢m3l8) o o BO%
| b

Pormuta C

Water’ purified e 6 o & & o o o 9‘9 o ¢ 33 1/3%
AlcOhol U& S-. P. ® o < * * * & 9 ) ® & }-6 2/3%
Octafluorngyclobutane (Vreon C=~318) . . 50%

Formula P

Water, purified . . ¢« « o ¢ o ¢ &« o o o 16 2/3%
Akcohol W, S, P. o o o © @ o s 2 o s o AD 2/3%
f?rcpylené gly001 Us Sa Po e e @A & & 2 e 16 2/3%
Qctafluoxoayclmbutan@ {¥reon C=-318} , . 50%

ALl formulahlnq of active ingredients and solvent sys-

tems was performed in 50 ml. volumetrlc £lasks, The

Scopolamine HBr and Dimenhydrinate powders were weighed on a

& - Avaaimbla irom the Fischer and Porter Co., Oa?;and
Cal*f

b - The letters "A, B, C, D" hereinafter referred to in the
tables of this work refer to tha four formulations dﬁ;ul
~on this page, -

ib

P
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Sartorius ba;ancea@ The Diphenhydramine HC1l and Cyclizine
laatate.were transferred from commercial ampuls tabthe
volumetric flasks by use of a 50 ml., syringe and needle
unitb, The final 50 ml. formulations contained, separately,
500. mg. of Scopolamine HBr per 50 ml., 500 mg. of Cyclizine
lactate per 50 ml., 250 mg. of Dimenhydrinate per 50 ml., and

300 ng. of Diphenhydramine HCl per 50 ml.

Containers, Valves, and Accessory Equipnent

[ R RTa
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The containers used in this work were aerosol cans
with domed tops and standaxrd one inch curled opening made of
tloree piece tin platecc

The valves used in the study were pressure fill_métered
valves of 50, 100, or 200 mg,d. The valves consisted of a
iinnpiaté mguntimg cap and a high density polyethylene body
Cwith a h@dyi@“ifime of 0,040 inch. The stem was stainless
’stﬁei vith a 0.020 inch stem orifice., The pressure fili ori=
fice was 2 x 0.020 inch. The ocutlet valve seal was Buna N as
waé the inlet valve seal. The valves were equipped with a
stainless steel spring, and the dip tube was a polypropylene

capillary with a 0.045 inch internal diameter.

a ~ Available from Alce Scientific Division, A. 8. Aloe Co.,
St., Louis, Mo.

b ~ Available from Becton, Dickinson and Co., Rutherford, N. J.

o - Available from Continental Can Co., New York, N. Y.

d - Manufacturer's designation of amount of product released
per actuation. Available from Emson Research Inc.,
Bridgeport, Conn.

TSI
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Both a regular and a mechanical break-up actuator wers

used in this experiment. These were used in conjunction with

‘an inhalatoxr/cap combinationa, Both the regular and mechanical

break-up actuators were one piece plastic with 0.018 inch ori-
fices, however, the mechanical break-up actuator also. contained

a mechanical break-up insert,

Filling Methods

In the current work all samples were f£illed by the

pressure £illing method using the General Kinetics model
GK~-1200~1, Laboratory Unitbo In pressure filling, the product
is piac@d in the container at normal temperature and sealed,
The propellaant is then introduced under pressure through the
valve. ’The»&anqer of air being entrapped in the containsy can
b avoided by purging the container by the addition of a small

amount of propellsnt.

In Vitro Testing Procedure

After Formulating the aerosols according to the pre-
viocusly mentioned procedures, it was necessary to conduct a

series of in vityo tests to evaluate the products.

1. JInitial Pressure
Phis test was performed using a suitable pressure
c e s . _
guage . It is necessary to determine the pressure of formu-

lations for several reasons:

a ~ Available from Emson Reseaxch Inc., Bridgeport, Conn.
b ~ Available from General Kinetics, Inc., Atlanta, Ga,

¢ « Available as U, S. Guage from General Kinetics, Inc.,
Atlanta, Ga.
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1Y to aid in ascertaining. the uniformity of
formulation within a group of products,
2} to observe the effect of different solvent systems

on the plrassule,

SR TR L AR

3}  te help find faulty seals and leaks,

4) o determing if pressures ace within governmental -

regulations for the containers used.

A. PResulis

e G T

Results of the pressure determinations ave shown in

TABLE X.

2. BSpray Pattern

03

Spray pattern studies were conducted to ald in deter-
mining possible formulation or valve defects. This was

wecomplished by spraying the formulation, with and withoeut the

wral adaptor attachment, on filter paper at varving distances

ﬁrom'tha amtuét@x and measuring the diameter and shape of the
spray pattérn@ An unusual spray pattexn.wQuld be indicaﬁive
_of a possible defect, |
ho Results - S -
Reéuits of the spray pattern studies can be seen in : :

TABLE JX.

z
E

3. Amourt of Material Released Per Actuation

As was mentioned earlier; with meiering valves the
volume o©f the chamber in which the isolated portion'of the
product is held determines the quantity of the spray per
actuation; Howewer, itrade practice has been to take no
account Of.éﬁﬁ specific gravity of the product-propellant | v i

mixture and to list valves with different capacities as being



TARLE ¥

INITIAL PRESSURE OF THE PACKAGED FORMULATIONS®

Valve ‘h ' Scopclamine HEBr Cyclizine Lactate Dimenhydrinate Diphénhy@ramine HCI
Relesase A B C D A B C D A B c D A B C o
50 my 37 31 33? 3¢ 33 33 37 3% 45 35 33 33 33 32 386 32
100 ng 35 30 33; 39 39 37 35 38 36 36 33 33 34 32 34 32
260 ng 37 33 30: 31 32 .38 38 38" 38 34 34 37 32 32 34 32
a - Pressure is given in psig, which is pounds per sgquare inch guage.

This refers *+o the manufacturer's classification of the valve.
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a = These figurés denote va
{Reg=regul




1R

b - This is the spray pattern diameter,
the oral‘adaptor.

c -~ This is the spray pattern diameter,

T - MRS I S T ey e

in inches, resulting from actuation without the use of

in inches, resulting from actuation using the oral adaptor.
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abie to deliver a certain number of milligrams per

actuation (3). Therefore, for each particular formula, it
is necessary to determine the amount of product released per
actuation. The uniformity in delivery from metering valves
ig indispensable in the development of dependable medicinal
preparations, Limits of + 15 per cent of‘the‘calculated dose
have been suggested (26). The amount of product released was
compared with the amount stated for each valve by taring the
container, actuating five times and re-weighing. The weigh-
ing was done on a torsion balance®,

After this and other in vitro tests, satiéfactory
formulations were subjected to a stability study. The aerosol
“Formulations were stored in a Thelco Model lzyavenb at a tem-
¢ parature of 37-35° ¢, for one month. This is approximately
the eguivalant af ong year storage ot room temperature, After
“this stoerage, the formulations were again tested for valve
.release to aid in determining if there had been any formula-
tion deterioration or valve malfunction,

A. Results

Results of the valve release study are tabulated in
TARLE IXI.

Results «f the valve release study after storage are

summarized in TARBLE IIXa.

a = Available f£rom The Torsion Balance Co., Clifton, N: J,

b -~ Available from Central Scientific Co., Chicago, Xll,

S VOO A




TABLE ¥IYL

AMOUNT OF FORMULATION.RZLEASED PER ACTUATIONS

Valve b Scopolanine HBr Cveclizine Lactats Dimenhydrinate Diphenbydraminé Hﬁlv
Release A B C D A B C A B C D A B C D
5C g reggc ' 54 50 50 50 46 50 B0 48 52 54 56 56 50 54 48 54
- 50 ng MB 5¢ 50 B0 50 50 54 52 50 54 50 56 50 54 50 54 46
100 mg reg. a0 90 80 96 104 80 8@ 88 104 104 S0 90 88 104 96 94
100 mg MB 90 94 90 92 e 80 92 g2 106 iGC2 90 100 88 56 88 92
200 mg red. 164 160 160 178 18C 155 1490 178 164 190 158 170 200 168 184

It et
[0
ON
fod
ALY
L]

200 mg MB 160 160 160 158 184 160 16G 160 166 160 160 170 160 180

a ~ The results are thes averages of five actuations determined by taring the container,
actuating and re-weighing. Amounts are given in mg.

b - This refers to the manufacturer’s classification of the wvalve,
c - “reg" refers to a regular actuator.

d - "MB" refers tc a mechanical break-up actuator.
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TAEBLE IXIXa

AMOUNT OF FORMULATION RELFASED PER ACTUATION AFTER STORAGES

Divhenhydranine HECL

Valve Scopolamine HBX Cyeclizine Lactate Dimenhvdrinate
Release B D _ B D B C
SO mg reg.c 50 50 50 50 50 52
50 mg MB 50 50 50 50 48 52
100 mg reg. 88 20 80 a8 92 9G
160 mg MB 88 92 80 80 82 g
200 ng reg. 160 158 150 140 160 180
200 mg MB 160 - 154 160 160 is58 162
a -~ The results are the averages of five actuations determined by taring

actuating and re-weighing., Amounts are given in nd.
This refers to the manufacturer's classificatiovn of the valve.
“reg" refers to a regular actuator.

"MB* refers to a mechanical break-up actuator.

[0 iskie [ NI M (A 8 N - o
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48

50
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50

54
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£, Particle Size Determination

Particle size studies were conducted using an Amexican
Optical microscopea with an ocular micrometer calibrated
against a stage micrometer for ditect measurement. . The cali=
bration‘was-done according to the method of Trease (27). The
particles were deposited on slides coated with white petrola-~
tum to prevent merging of adjacent particles and to delay
evaporation. This general method has been mentioned by

Tollin {28). Microscopic techniques have been classified as

being among the most accurate of the direct methods. Micro-

scopic measurement of the actual dimensions of particles is
more accurate than indirect methods which measure some other
property of particles which is related to their size (29},
Particle size determination is important because the aerosol
particlies must fall into an optimum gize range to give the

desired effects and advantages of oral inhalation therapye.

This size range is now generally accepted as being between

0.5 and 5.0 microns. Larger particles are deposited in the
respiratory tract above the alveoli, while most particles

below 0.5 micron are lost by exhalation. The former would

-slow absorption and, therefore, defeat the purpese of inhala-

tion therapy, whereas the latter would resuit in inadequate
dosage.

| Ten particles per slide were counted, using five slides
at éach interval of 6 inches, 9 inches, and 12 inches from

the actuator. In the present work, beth mechanical break-up

a - Available from American Optical Co,, Instrument Division,
Buffalo, N, V.




uf:

and regular actuators with the oral adaptors were tested.
The three distances from the actuator were chosen to give a
more complete picture of the particle size distribution. The

criteria for formulation selection was the production of par-

ticles ﬁith an éverage diameter of between 0,5 and 5.0 microna
and with no pacticle greater than lO nicrons.

This test was also repeated, on the aerosols that were
subjected to the stability study mentioned earlier, to deter-
mine if there was an increase in particle sizévon aging.

The results of the particle size determinations are
indicated in TABLE IV.

B. Results

: The results of the particle size determinations aftex

gterage are indicated in TABLE IVa.

In Vivo Testing Procedure

Formulations complying with established standards were

then subjected to an in vivo test using guinea pigs.

. L] » ) k3 !
Since all of the active ingredients employed were of
established effectiveness, a formulation could be considered
successful if it could be established that the active ingre-

dient passed the pulmonary membrane barriers and entered the

o blood strean.

The test was based on the hypothesis that all of the
iﬂgredients demonstrate significant anticholinergic proper-
ties. (30, 31, 32, 33). Upon administration, with subsequent
abs rption.into thé”blood streéﬁ,,bronchodilation shouldi

occur, and a respiratory rate increase should be




Valve

Release

50 mg Reg 6 in.
100 mg Reg 6 in,
200 mg Reg 6 in,

0 mg Reg 9 in.

(&4}
L

160 mg Reg 9 in,
200 mg Reg 9 in.
80 mg Reg 12 in.
180 mg Reg 12 in,

200 mg Reg 12 in.

LA o T T T T S e g

TABLE IV

INITIAL PARTICLE SIZE

Scopelamine HEr Cyclizine Lactate
A B C D A B C D
5.54° 2,88 4.94 4.8 - 10.86 4.88 3.62 6
14.20° 7.81 14.20 11.36 28.40 14.20 10.65 10
7.68 3,74 4£.83 4,44 9,73  3.75 9.83 4,77
16.33 8.52 14,20 12.07 24,85 14.20 21.30 10
6.62 2.61 7.23 6,01 10.01  3.59 9.98 4.81
14,20 7.81 17.75 21.30 28.40 8.52 24.18 8.52
4.88 2.85 4.83 4,87 10.45 4.84 3.34 6.17
14.20 7.8l 14.20 11,36 21.30 14.20 14.20 10
7.55 2.56 4.08 4,43 5.68 2.84 9.71 4
17.75 10.65 14.20 10.65 28,40 7.81 21.30 O
6.56 2.358 5.91 5.24 9.30 3.54 9.90 4
14.20 8.52 12.78 14,20 21,30 7.81 21.30 7
4.39 2.84 4.36 4,39 10,41 4,74 2.83 4
14,20 7.10 10,65 9.%4 21.30 14,20 10.65 10
5.41 2,50 4.06 4.42 - 9.07 2.71 9.40 3.96
14.20 9.94 14,20 ° 7.81 17.75 14,200 21.30 8,52
6.55 2,51 5.89 5.21 ©.26 3.52 5.85 4,63
12,78 9.94 21.30 10.65

14.20 7.10

17,73 2.24
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Valve

Release

59 ﬁg Reg 6 in.
100 mg Reg 6 in.
200 mg Regks in,.
50 mg Reg 2 in.
100 mg Reg 9 in,
200 mg Reg 2 in.
50 mg Reg 12 in.

100 mg Reg 12 in,

200 mg Reg 12 in.

T TN W e

A

5,06
14,20

6.08
14.20

5.94
14.20

4.98
14,20

4.7
13.49

5.82
10.65

4,60
14,20

4,64
10.65

5.77
1C.65

TABLE IV {continued)

Dimenhydrinats

B & D
3.48 4,08 4,24
%.94 12.78 9,26
3,923 4,53 4,83
8,52 14,20 &©,23
3.07 5.42 4,22
5.68 10.65 2.94
3.20 3.21 4.7
7,81 8.52 14,20
3.86 4,12 4.79
9,23 14,91 12.49
3.02 4,78 4,10
7.8 10.65 1z2.78
3,14 3.76 4,12
5.68 14.20 2.256
3,17 3.86 4,25
7.10 14.20 12,07
2,94 4,190 4,06
5.68 2.94 8.52

T P | N SR S S I AT

Divhenhvdranine HCL

A B
5.35 2461
14,20 7.81
4,33 3.28
S.,94 8.52
7. 70 2,69
14.20 4,97

5.24 2.56
14,20 4.97

4.22 3.20
12.07 9,23

7.63 2.60
12.78 4,97

4,8¢ 2.06
8.52 7.10

3,7 3.18
14.20 7.81

5.8% 2.47
17.75 5.68

C

3.68
S,23

4.56
11.36

3.82
13.4¢

3.58
12,07

4,52
9.23

3.76
$.23

3.34
.23

4,46
10.65

3.45
10.65

oF
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Va}ve a

Releszse

_50 mg MB‘6 in.
100 mg MB 6 in.
ééo mg MB & in.
50 mg MB 9 in.
100 mg MB 9 in.
200 mg ¥B 2 in.
50 mg‘MB 12 in.

100 mg MB 12 in.

200 mg MB 12 in,

TABLE IV {cont

Scopoclamine HBx

3
T
e
o]
9“'

A B C
2.512 1,74  4.74
7.10S 7.16  9.23
6.06 2.63 4,03
12.07 S.52 9.94
6.60 2.10  6.92
14.20 7.8l 14.20
2.58 1.68 4,69
7.81  4.97 10,65
5,96  2.51  3.97
14.20 5.68 14.20
5.55 2.04 5.89
17.75  7.81 21.30
2.57 1.66 4,23
5.68 3.55 14.20
5.34 2.34 3,92
14.20 7.10 14.20
6.49 2,03  4.73
14.20 4.97 14.20
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10,65

3.98
7.81

@
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Cyclizine Lactatse
A B C
10.31 2.95 3.27
28,40 7o 81 8.52
8,17 1.56 9.77
28,40 4,97 21.30
8. 20 3.52 2,80
24,85 8.52 28,40
16.27 2.91 3.24
28,40 F.81 7.10
8.14 i.55 5.71
14.20 3.55 28040
8.51 2.93 8.77
21.30 10.65 28,40
8.C9 2.27 2.7
17.75 5.68 7.81
8.12 1,41 9.39
17.75 3.55 21.30
8,22 2.22 9.73
28.40 4,97 21.30
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4,03

3.02
6,39
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7.10

3.93
8,52
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TABLE IV {continued)

valwve : | Dimenhydrinate i Dighenhydramine HC1
Release® a B < D A B ¢ D
50 mg ME 6 in. 4.36  3.29  3.89  4.87 5,27 2,53  3.24 3,54
14.20 8,52 7,81 14.23 9.23  7.81 12,07 8.52
100 mg MB 6 in, 3.66 3,28 4.44 4.81 3.59  2.24 3,71 32,27
} 9.52 7.10 9.54 14.20 11.36 8,52 9.23 8.52
200 mg MB 6 in. 4,42 3,02 4,54 4,10 7.58 2.59 3,79 3.21
| 9.23 8,52 8,52 12.78 14.20 7.8l 12.07 4.97
50 mg MB 9 in. 4.19 3,18 3.88 4,76 5.21 2,27 3.32 3.44
10.65 7.8L 14,20 12.78 17.75 6.39 11.36 7.81
100 mg ¥B 9 in. 3.65 3,01 3,28 4.77 3.56 3,15 3.68 3.21
| 8.52 7.81 13.49 14.20 12.78 8.52 9,94  7.10
200 mg MB © in. . 4,29 3,01 4.43 4.09 7.54 2.50 3.71  2.85
10.65 5.68 12,78 14.20 14.91 4,97 9.23 5,68
50 mg MB 12 in. 2,61 3,17 3,58  4.03 4.83  2.04 3.31 3.18
5.39 5,68 10,65 14.20 12.78  4.97 11,36 4,97
100 mg MB 12 in. 3,54 2,90 3,15 4,25 3.24  3.10 3.66 3,17
| 9.94 4,97 6.3% 13.49 9.94 7.10 10.65 5.68
200 mg MB 12 in, 3.86 2,93 3,98

4,05 5,10 2.46 3.31 2,74
7,10 4,97 .94 9.23 12.78 4.97 6,39 4,87

& - These figuvres denote valve release capacity as stated by the manufacturer, actuator

type {(Reg=vegular, MB=mechanical break-upl!, and the distance Ffrom the actuator at
which the particles were collected.

o B T st |« A M i IE ]
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b - The figure in this position is the average &1amece$ of 10 particles counted per sl¢ae
using 5 siides for a total of 50 part%*luug Pata is in microns, :

Py

c - This is the largest single particle of the 50 particles observed, Data is in microns.

a7



ABLE IVa

PARTICLE SIZE AFTER STORAGE

YValve Scopolamine HBr | Cyvclizine Lactate Dimenhvdrinate Diphenhyvdramine HC1
Release” B D , B D ‘ B C B , D

5C¢ mg & in, 3. 17 4,26 4,37 .06 3.68 4,05 | 2,32 4,02
: ' 7.10 7.10 8.52 9.%4 8.52 7.10 8.52 7.81
100 mg 6 in. 3.54 4,00 3.35 4,03 4,30 4.27 3.83 4,50
4,97 7.10 8,52 7.81 7.81 8.52 9,94 9.%4
200 mg 6 in. 3.83 4,35 4,52 3.46 4,10 4,17 4,06 4,36
7.10 7.10 8,52 2.23 29.94 6.39 .94 .23
S0 mg 9 in. 2.83 3.55 3.72 3.15 3.33 3.46 3.28 3.82
7.81 6,38 2.52 $.23 7.81 7.10 9,23 7.10
100 mg 2 in. 3.38 3.565 3.24 3.59 4,23 3.61 3.32 4,44
7.10 6,39 5.68 7.10 7.10 5.68 4,27 7.10
20C mg 9 in. 2.98 3.86 3.56 3,10 3.56 3,88 3.81 4,27
‘ 710 4,97 5.68 4,97 . 7.81 7,10 7.81 8.52
50 mg 12 in. 2.81 2.08 3.15 3.10C 2.91 2.87 2,46 2,67
5,68 £.€68 ' 5.68 6,35 4.27 7.10 6.39 8.52
100 mg 12 in. 2.49 2.60 2,32 2,71 2.75 2.54 3.08 3.3
7.10 4,25 5.68 4,87 7.10 7.10 9.23 7.10
200 mg 12 in. 2.93 3.27 3.08 2,77 2.83 3.18 3.29 3.07
' 7.10 4,97 7,10 F,10 4,27 £.3% 9.94 4,97

tated by the manufacturer and the
S5 Were ce¢lectoaa ¥Mechanical

a -~ These figures denote valve release capac
distance from the actuator at which &P

break-up actuatorg were used in this

r’r.J”{'f
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b -~ The figure in this position is the average diameter of 10 particles counted per slide
using 5§ slides for a total of 50 particies., Data is expressed in microns. '

¢ « This is the largest sinqle‘particle of the 50 particles observed., Data is expressed
in microns. : ~
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obzerved (34, 35). Through'the use of placebo formulations,
which consisted of all substances with the exception of the

active ingredients, in conjunction with the formulations con-

taining the active ingredients, the normal "excitatory” E
increase in respiration could be observed and compernsated for

in the results. It should be noted that it was not necessary

to tranquilize or sedate the experimental animals prior to

ng

esting, therefore, there should have been no interference

from other drugs. The medication was administered to the -
test animals by inserting the oral adaptor directly into the :

mouth and actuating the aerosol. Animals given placebos were
not re-tested for at least one hour after administration, and

animals given a formulation containing an active ingredient

were not re-tested for at least six hours, and usuvally 18 to

R——

24 hours. These time intervals should be sufficient to elimi-

D THRIE S

nate the danger of an overlap of results from one test to

o

another, A period of three minutes was chosen as the time
limit for an aerosol formulation to exert an effect. The
normal respiratory rate was observed, as well as that three

minutes after placebo administration. Then, the rate three

T ——

minutes after active ingredient administration was determined.

[ .

Since the purpose of the in vivo test was to demonstrate that

the medication entered the blood stream of the test aﬁimal,
the change in respirétory rate should provide ample evidence
of this fact.

1 - A. Results

The results of the in wvivo study can be seen in TABLE V.
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TABLE V

IN VIVO RESPIRATORY RATE STUDIES

. a
[Scopolamlne HBr

B D
78/80/78 80/80/82
12/6/2 10/-2/-6

18/12/4 18/i4/16

6/6/2 8/16/22

(>3
i

This indicates

three obs2rvations of the qorma’ respi
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Cyelizine Lactate Dimenhydrinate Divhenhvdramine HCL
B ‘ b B | c - B : D
84/78/8C ©8B/S6/96 96 /96G/20C 80/78/82 100/106/110 98/98/1
8/12/6 18/1i0/10 O/=2/=-4 14/6/12 18/12/14 22/22/2
12/14/10 20/16/14 34/30/20 26/22/32 42/40/34 32734726
J/2/4 2/6/4 34/32/24 12/16/2C 24/28/20 10/12/724

ccvducceo at cone minute intervals,

minutes after placebo administration.

conducted at one minute intervals,
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active ingredient ddmlnlst? tion.

nute that is atiributed o

in addition to respiratory changes, the sedative effect of Scopoclamine HBr was visually observed.

tery rate per minute, determined at one

the increase in
The increase is
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DISCUSSION

A1l of the formulations used were three phase aerosol

systens. This was to ke anticipated due to the extremely poor

solubility characteristics of the propellant, octafluorocyclo-

‘butane, and the use of polar solvent systems. The solvent

)

ilizing

m

systems were seen to be guite satisfactorxy for solub
the active ingredients. In addition to their sglubilizing
properties, the various co-solvents used were chosen for the
possible influence they would exert on particle size.
onsistent aerosol pressure was observed within fogri-
lation qxnaps,,vﬁs indicated in ths literature (24), prepara-
tions cmataining vropylene glycol ¢generally demonstrated a

somewhat lower prassure, Only one faulty seal was notod in

n

any of the pressurized packages, and this appszared to be dus
to faulty orimping. No formulation had a pressure in excess
of 40 psig, thexefcrégiuny of these aerosols could be packaged
nmt only in rlnmplate steel, but also stainless steel and
suitable coated glass containers (18).

The stability study vielded no evidence of contaiﬁéx
or formmla degradation, but, as was mentioned previously, tin-
plate containers sre at times susceptible to attack. Glass
and stainless steel containers are, of course, practically
corrosion free,

ﬁmray pattern studies were conducted to aid in deter-

nining possible formulation or valve defects. All patterns



observed were circular and increased in diameter as the
distance from the actuator was increased. Also, the patterns
formed while using an oral adaptor were smaller than those
formed without the use of an oral adaptor. All formulas
appeared. to be uniform and consistent in this test.

The amount of formulation released per.actuation.was
consistent within a product group, falling within the gen-
erally acceptable + 15 per cent (26). This reproducibility

is extremely important in medicinal aerosels. Also, no sige-

$ A wle

9

nificant changes were noticed in amounts released after aging.
This would seem to indicate that there was ne formulation
alteration of valve malfunction on storage. Generally, it
can be said that the 50 mg. valves dispensed 50 mg. of nate-
rial quite accurately, the 100 mg. valves usually dispensed
’ Sliqntly less then 100 my., and the 200 mg. valves usually
disp;nszﬁ boetwasn 80 and 90 per cent of the stated amount,
As mentioned previcusly, particle size is of critical
Ampertance in ény asrosol. ~This is undoubtedly omne éf the
most important in ziggg_ﬁ&sts that was conducted. The cwi~
teria for formulation selection was the‘production of paye
ticles with an average diameter of between 0.5 and 5,0
microns and with no particla greater than 10 microns.,
Particle sizes were reduced considerably through the use
of the mechanical break-up actuator. This type of actuator
is generally recommended for any water based aerosol (24).
FPormulations "AY, containing equal parts of water and
octafluorocyclobutane, and "C", containing water, alcohol,

and octafluorocyclobutane in a ratio of 2:1:3, did not pass

the established requirements, with the exception of formula

7

e

=T
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. The Y"promising” formulations that were tested fFfellowin
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“C* containing Dimenhydrinate. as the active ingredient, This

variation may be due to the influence of the active ingredient
- since all other components within the group are constant.

Formulas "B", containing water, alcohol, and octafluorocyclo-

butane in a 1:1:2 ratio, and "D", containing water, alcohol,

propylene glycol and octéfluorocyclobutane in a 1l:1:1:3 ratio,

were shown to pass the requirements, again with the exception

of "D" containing Dimenhydrinate as the active ingredient,

stability study also yielded satisfactory results, Therefore,

it was concluded that there was no increase in particle size

on aging.

Formulations complying with established in vitro

standards were subjected to an in vivo test using guinea pigs.

Ag can be seen from the increase in respiratory rate follow-
ing active ingredient administratieﬂ, it appears that the
m@dicinals did, in fact, enter the blood stream and provoke
a response., Therefore, the formulas considered valuable, oi
the basis of this study, are:
I
Water, PUrified . o « o o o o o o « o o 33 1/3%
Alcohol U, Se Pe o o o . e o o o 16 2/3%
Octafluorocyclobutane (rveon Cm318) . o 50%
containing Dimenhydrinate as the active ingredient.
IT
Water, purified o« o« o « o 2 o « o s o « 25%

Alcohel U, 8. P. o & o & o o o s o 25%
Octafluorocyclobutane (kreow o 318} » o 50%

containing Scopolamine HBr, Cyclizine lactate, Dimenhydrinate,

- oF Diphenhydramine HClL as the active ingredient.
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Water, purified . . & o ¢ o o o« o
Alcohol U, S, P, » @& @& e o o & o o
Propylene Glycol U, 8. P. . o o o .
Octafluorocyclobutane (Freon C-318)

©
L]
£~}
L3

containing Scopolamine HBr, Cyclizine lactate,

HCL as the active ingredient.

)6 2/3%
16 2/3%
16 2/3%
50%

or Diphenhydramine

MR T W .
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SUMMARY

L. _The literature surveying the history of aerosols,
the aerosol printiple, various aerosol systems, propellants,
containers, valves, packaging methods, applications, and oral
inhalation therapy has been presented,

2. The factors influencing the Choice>af ingredients
and procedures used to develop preliminary Fformulations have
been discussed,

3. Applicable in vitro evaiuation studies were pre-
sented, The studies tested for initial pressure of'the
packaged fﬂrmulati@né, spray pattexrn, amount of material
released par actuation, and particle size,

4. A Stability siudy was performed on prouising
foxmuléfionso=-ﬁeroscls were re-checked for amount of formula

released per actuation and particle size,

5. Formulations complying with in vitro standards were

then subjected tc an in vive evaluation to determine whether
the active ingredients antered the blood streams of the

experimental animals,
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CONCLUSIONS:

A study has been conducted to determine the possibility
of developing an oral inhalation dosage form antinauseant.
Fhe results of this study indicated that the develop-

ment of an aerosol useful in the treatment of nausea is

ble, -Consistent, reproducible valve zrelease, spray
patterngland-particle size results were demonstrated before
and after aging studies, . Since all of the active ingredients‘
employed wefe of proven‘effectiyeness, a formulation would
appear successful if it could be established that the active

ingredisent passed the pulmonsry menmbrane barriers and entered

the blond stream. Results obtained frxom the animal studies

indicated thai-the active ingredients did enter the blood
stream %o presumably exert their characteristic action.

As discussed previously, an antinauseant effective via
oral imhalation would offer many advantages ovexr conventiénal‘
antinauseant dosage forms., Those screened formulations come
plying withaestablished criterié appear to have speciﬁic

therapautic possibilities.

Aerosel formulations of the type studied in this experi-

ment may.find application with & wide range of active ingredi-
ents., ©Other ﬁrugs that may prove more effective when applied
as aerosols than when administered by other meanrs may include
antihistamines, anti-infective agents, anslgesics, sterols,

steroids, antitussive agents, hormones, cerdiotonics,
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diuretics, and many others. Most of these drugs woﬁid reguire
further study before they could be-ﬁsed as liguified gas acyros
sols. Howewer, once their'ﬁehavior in the liguified gases is
determined (solubility, stability, toxicity, etc.) they would
be readily acceptable as aerosols (24), We nmust keep in mind,
however, that the problems of aeroscl formﬁlatioﬁ must be
studied in view of each other, and that in resolving one
preoblem we may create another. Aerosols designed for inhala«
tion therapy must be carefully balanced systems capable of
delivering the amount of drug tovthat portion of the respira-
tory system in which it wi11~be most effective.

:The results of this study provide encouvagement for
future work in this area. Based on the findings of this

‘appears that this relatively unexplored dosage form

ki

offers potential advantagas for a wide range of ingredients
and prodivcts in the pharmaceutical industry. 'The use of
previously unreported combinations mf active ingredients,.
solvent“sySEemsy éndvpropellantS present, as they did in this

‘project, interesting and stimulating possibilities for new

original research and developnent.
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