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[57] ABSTRACT 

A combination aerosol container carrier and decelera 
tion chamber carries an aerosol container in one con 
figuration and in another dispenses powdered medica 
ment from the aerosol container with inhaled particles 
predominantly below 10 microns in size at a low ve 
locity which gives a comparatively high degree of topi 
cal effect in the lungs as compared with systemic ef 
feet from powders .absorbed in the mouth. ‘The lungs 
may be used as an effective administration route for 
systemic medicament effect._ 

3 Claims, 5 Drawing Figures 
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DISPENSING LUNG CONTACTING POWDERED 
MEDICAMENTS 

BACKGROUND OF THE INVENTION 

The inhalation of medicaments has long been known. 
There is a continuing effort to secure uniform compar 
atively accurately measured dosages in selected areas. 
Large particles have a tendency to be deposited in the 
mouth or upper throat. Small particles, below about 10 
microns, have a tendency to go deeper into- the lungs. 
The problem is to secure the desired dose in the desired 
area of a desired medicament at the desired time. 

. Sometimes the systemic effect. of a drug on other or 
gans is of dubious effectiveness or actually undesired. 
For instance, many steroids have a systemic effect is 
administered orally and a local effect on the lungs 
themselves so it is desirable with certain therapeutic 
programs to be able to administer the steroids to the 
surfaces of the lungs only. 

SUMMARY OF THE INVENTION 

The present inventionis based upon the discovery 
‘that the discharge from an aerosol container can be 
suspended in dry vaporized propellant mixed with air 
by theme of a deceleration chamber which is big 
enough to serve as a carrier for the aerosol container 
in a storage and transportation con?guration and which 
has a neckeddown mouthpiece at one end and a 
neckeddown spray system at the other. 
The deceleration chamber is about the same volume 

as the human oral cavity, with the mouth open. It serves 
to decelerate the aerosol charge to give a' low velocity 
to the dispersed powder, absorb the aerosol jet momen 
tum before the suspended powder enters the user’s 
mouth, complete the vaporization of the aerosol pro 
pellant, eliminating the possibility of liquid propellant » 
reaching the mouth, dilute, the propellant and sus 
pended powder with air, and give uniform and accept~ 
able powder losses, so that uniform doses are adminis 
tered. It is desirable that a major portion of a dis 
charged medicament be administered to the user, but 
it is more important that each dose be of consistent and 
predictable size and absorbability so that a known uni 
form dose is administered with each actuation of the 
actuation button. A considerable percentage of loss is 
acceptable if reliably uniform. With the present system, 
losses of about 25 to 50 percent of the total medica 
ment doses occur. The deceleration chamber traps 
much of the medicament that would deposit in the 
mouth of the user, so that a relatively small amount of 
the medicament is deposited in the mouth as compared 
to the amount that reaches the lungs, and is effective 
in the lungs. 

Additionally, a trap system is used to submerge the 
metering valve to insure that the metering valve is im 
mersed in the propellant at all times so that the meter 
ing chamber does not drain and, in e?ect, lose its 
prime. This at times is'referred to as a drain-free trap. 

The system is. particularly adapted to the use of such 
drugs as triamcinolone acetonide and N,N-diethyl-4 
methyl-l-piperazine carboxamide pamoate(diethylcar 
bamazine pamoate), both of which are of value in the 
treatment of asthma and both of which are desirably 
administered in small known uniform accurate dosages 
which are absorbed primarily in the lung system as con 
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trasted with the nose and throat. The physiological ef 
fectiveness is augmented by the possibility of increasing 
the concentration of drugs administered to the desired 
location, as compared to that obtained when the drugs 
are administered systemically. 
Some medicaments are conveniently administered by 

inhalation, for a systemic effect. Penicillin has been ad 
ministered by inhalation,'as more convenient than by 
injection. Many drugs are absorbed through the lugs, if 
a suitable system of dispensing for inhalation is avail 
able. The inhalation of gases, such as ether, or liquids 
is much more common. 

DESCRIPTION OF THE PRIOR ART 

Certain representative patents in this very crowded 
?eld include: 
U. S. Pat. No. 2,533,065, Taplin and Bryan, Dec. 5, 

1950, “Micropulverized Therapeutic Agents” shows 
the use of powdered penicillin, of a particle size of less 
than one micron, for inhalation therapy. The penicillin 
is disclosed as absorbed in the lungs with high effi 
ciency. ‘ . 

U. S. Pat. Nos. 2,721,010, Meshberg, Oct. 18, 1955, 
“Aerosol Containers And Valves Therefor," and US. 
Pat. No. 2,968,427, Meshberg, Jan. 17, 1961, “Valve 
For Aerosol Container” show metering valves for aero 
sol container. Small uniform charges of the contents 
are dispensed on each separate actuation. 
Such valves, among others, may be used for metering 

doses for the present invention. . 
U. S. Pat..No. 2,992,645, ,Fowler, July 18, 1961, 

”Disperser.ForPowders,” in Column 2 has a table 
showing the effect of particle size on the zone of depo 
sition of a powder in the respiratory tract. Powder sizes 
of 1' and 3 microns are shown to go deeply into the 
lungs. 
U. S. Pat. No. 3,012,555, Meshberg, 

‘Dispensing Package For Material. Under Pressure”' 
shows an aerosol liquid dispenser with an operating 
spray button assembled to the valve system, which but 
ton, with spray ori?ce, ?ts removably into an applicator 
nozzle. In one con?guration the applicator nozzle is 
used for spray control; in another for protective stor 
age. , 

U. S. Pat. No. 3,219,533, Mullins, Nov. 23, 1965, 
“Aerosol Solid Medicament In Propellant And Low 
Level Ethanol Avoiding Higher-Level Ethanol Dis» 
persed-Solid Re?occulation" shows many solid medi 
caments, including such steroids as hydrocortisone, 
prednisolone and dexamethasone dispersed in the par 
ticle size range of 0.5 to 10 microns in certain chloro 
?uoroalkanes using 0.5 to 5.0 percent ethanol, for in 
halation and ophthalmic therapy. 
U. S. Pat. No. 3,236,458, Ramis, Feb. 22, 1966, 

“Aerosol Apparatus,” shows an aerosol liquid dis-Y 
penser using coaxial concentric extendable tubes for 
particle size control. The tubes in collapsed position 
function as a container carrier for storage. In extended 
position, the mass of air in the tubes impedes the for 
ward flow of a spray and serves as a partial barrier to 
the discharge jet. The inside diameter is preferably 18 
to 30 mm. and the length 3 to 10 times the diameter, 
preferably 5 to 7 times. 
The aerosol container and valve are taken out of the 

stored position, and the valve stem is inserted into a dis~ 
pensing spray head which forms the end of the inner 
tube at the time of use. 

Dec. '12, 1961,. 



Ramis teaches that for inhalation therapy, the parti 
cles of the therapeutic agent should be between 0.5 and 
5 microns in size, since particles above 5 microns may 
not reach the air-cells in the lungs while particles below 
0.5 microns may fail to be deposited in the lungs. Ramis 
teaches using dichloro-di?uoro-methane as the propel 
lant in which the active product is dissolved or kept in, 
a homogeneous-emulsion suspension. The disclosures 
are limited to soluble products. I 

U. S. Pat. No. 3,727,806, Wilmot, Apr. 17, 1973, 
“Valve Assembles For Aerosol Containers,” shows a 
metering valve assembly in which a hollow member ?ts 
over the inner end of the valve stem and moves there 
with to create a capillary gap to aid in avoiding wastage 
as the container contents become exhausted. This con 
tainer is_ used in a valve down position. 
U. S. Pat. No. 2,467,895, Kushner and Brancone,. 

' Apr. 19, 1949, ”Piperazine Derivatives and Method of 
Preparing The Same”, shows l-methyl-4-piperazine 
N,N-diethyl carboxamide, and its salts, which may also 
be named as 1-diethylcarbamyl-4-methyl-piperazine, 
commonly called diethylcarbamazine, and is sold as its 
dihydrogen citrate salt under the trademark HETRA 
ZAN. . 

Triamcinolone acetonide, 9a-Fluoro-1 lB,16a,l7, 
2 l -tetrahydroxypregna-l ,4-diene-3 ,20-dione cyclic 
16,17-acetal with acetone is described and the formula 
given in The Merck Index, Eighth Edition, Merck & 
'Co., Rahway, N. J. ( 1968), pages 1064 and 1065. 

U. S. Pat‘, No. 3,457,350, Mallen, July 22, 1969, 
“Method Of Treating Asthma,” shows the use of N,N 
diethyl-4-methyl-l-piperazinecarboxamide (commonly 
called diethylcarbamazine) for asthma. The dihydro 
gen citrate salt is disclosed specifcally. 

SUMMARY OF THE INVENTION 
A dispensing package for therapeutic agents'under 

pressure such as shown in Meshberg, US. Pat. No. 
3,012,555, supra, is modi?ed by adapting a valve to dis 
pense a powdered medicament suspended in the pro 
pellant and discharging the nozzle into the entrance of 
a decelerationchamber having a cylindrical barrel por 
tion, a mouthpiece at the exit end, and container 

> hOlder-tactuating button holder to hold the spray nozzle 
system. . _ 

Preferably, the deceleration and expansion chamber 
is adapted to completely enclose and hold the aerosol 
container during storage with the system being assem 
bled in one con?guration for storage and transporta 
tion and another for use. By having dust covers and 
sealing means, the assembly in storage and transporta 
tion position is protected from contaminating dust and 
may be conveniently carried in the pocket of a user and 
yet be rapidly assembled with minimum risk of contam 
ination of the contents at the time of use. 
Because some medicaments may be used only under 

conditions of stress or at irregular hours, it is highly ad 
vantageous that the assembly be completely protected 
in the storage and transportation con?guration and 
readily and rapidly convertible to the dose administer- - 
ing con?guration when medicament is to be adminis 
tered. - 0 

Other advantages will be appreciated by those skilled 
in the art from the detailed description of the device. 
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DRAWINGS 
FIG. 1 is a pictorial view of the aerosol dispenser as 

sembled in dose administering con?guration. 
FIG. 2 is a view in partial section showing the dis 

penser in the storage and transportation con?guration. 

FIG. 3 is enlarged view in section showing the ' 
valve assembled to the expansion chamber cover and 
particularly, an anti-drain tank to insure that the meter 
ing valve is continuously immersed in the propellant 
and, thus, protected from partial draining and resulting 
irregular dosages. , . 

FIG. 4 shows the same valve assembly in compressed 
position after a dose in which the valve stem has been‘ 

‘ ‘depressed. 
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FIG. 5 is a second con?gurationin which the'actuat 
ing button ?ts into a movable applicator nozzle for stor 
age. . 

As shown in FIG. 1, the biggest element of the aero 
sol dispenser is the deceleration chamber 11, prefera 
bly of a plastic such as polyethylene. The deceleration 
chamber has a cylindrical barrel 12 which conveniently 
may be'about 2 ‘94 inches in length and 1 ‘A inches in 
internal diameter with a shell wall ‘thickness of around ‘ 
one-sixteenth inch. At one end is a mouthpiece 13 con 
veniently about seven-eighths inch in outside diameter 
and ?ve-eighths inch long which is a size conveniently 
held in the lips of the user with the-lips forming an ‘es 
sentially airtight seal with the mouthpiece. The mouth 
piece is joined to the cylindrical barrel 12 by a cham 
ber-to-mouthpiece flare l4. Conveniently, but not nec 
essarily, the mouthpiece, the chamber-to-mouthpiece 
?are, and the cylindrical barrel are molded in one piece 
from a plastic such as linear polyethylene. This gives an 

_ economical method of manufacture and a smooth, eas 
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ily cleanable working surface. A mouthpiece cap 15 ?ts 
removably on the mouthpiece in dust excluding rela 
tionship. The cap may slide on either interiorly or exte 
riorly with a ?nger friction ?t. The term “?nger friction 
?t” is used to note a frictional relationship which will 
hold pieces together under normalhandling conditions, 
but may be readily disengaged or engaged by ?nger 
pressure only. The exterior-surface of the mouthpiece 
cap may be roughened or knurled for easier grasping by 
the ?ngers. The edges of the mouthpiece cap and the 
mouthpiece may be “broken" or slightly rounded in ac- _ 
cordance with conventional practice for ease in assem 
bly, as may other edges. Either the mouthpiece or the 
mouthpiece cap may have small ribs of the order of' 
0.002 inch to reduce friction and ease engagement. By 
having such small raised portions or beads on friction- > 
ally engaging portions, the natural resilience of plastic 
such as polyethylene is utilized to‘ give a frictional en 
gagement which may be readily disengaged with the 
?ngers without expensive requirements'as to accuracy 
in sizing of the pieces. Similar assembly details may be 
used elsewhere. in the present dispenser, and are con 
ventional in the plastics molding art. 
At the open end of the cylindrical barrel 12 is a con 

tainer holder 16. The container holder'is a multifunc 
tional element. A holder ?ange 17 ?ts across the open 
end of the cylindrical barrel >12. A positioning sleeve 18 
engages the end of the cylindrical. barrel 12. Conve 
niently, but not necessarily, the positioning sleeve ?ts 
interiorly'of the cylindrical barrel 12 with a friction ?t 
and the positioning sleeve is long enough to, prevent ac 
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cidental disengagement but permit ready removal‘ of 
the container holder 16. Conveniently, but not neces 
sarily, the positioning sleeve 18 extends from the 
holder ?ange 17 so that its resilience permits ?nger 
frictional engagement with the normal accuracy of 
molding parts. A containerholding sleeve 19 extends 
interiorly from the holder ?ange l7 and is of a size to 
?t around, retain, and position an aerosol container 20. 
Conveniently, but not necessarily, the aerosol con 
tainer 20 is of stainless steel or aluminum to hold high 
pressure aerosol propellants. The container holding 
sleeve is long enough and of a size to position and re 
tain the aerosol container assembly inside and axially 
of the deceleration chamber 11 during storage and 
transportation phases of using the device, and permits 
ready disengagement from the aerosol container 20 at 
the time of administration. 
Through the holder flange extend one or more-air 

vents 21 which provide for the introduction of diluent 
air during use. Three vents, each 1/8111Ch diameter, give 
good results. V 
Extending exteriorly from the holder ?ange 17 is a 

button holder 22. The button holder is hollow, has a 
closed end opposite to the holder ?ange, and has 
therein an indexing port 23 which is of a size and shape 
to hold an aerosol actuating’button 24, which is de 
scribed in more detail below. Because the aerosol actu 
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ating button is to be oriented, the shape of the indexing '_ 
port 23 is such as to match with the actuating button 
24 and hold the actuating button in anoriented rela 
tionship. As shown, the actuating button is cylindrical 
with a ?at side 25 which?at side cooperates with an in 
dexing port ?at 26 so that the spray is directed axially‘ 
of the deceleration chamber. Conveniently, but not 
necessarily, the button holder is formed with two index 
ing ports 23 in diametrically opposed relationship so 
that the actuating button 24 can be inserted from either 
side and the other port serves such as an additional air 
inlet. At the end of the button holder 22 away from the 
holder ?ange 17 is a retaining bead 27 which conve 
niently extends up about S/IOOOths of ‘an inch above 
the exterior cylindrical surface of the button holder. A 
protective sleeve 28 ?ts in light frictional engagement 
over and on the exterior surface of the button holder. 
Being made of plastic, there is sufficient resilience that 
the protective sleeve 28 may be easily forced over the 
retaining head 27 into position and is not readily re 
moved so that it is retained in place during the useful 
life of the dispenser. The protective sleeve has button 
apertures 29 to permit the sleeve 28 to be rotated so _ 
that‘ the button apertures 29 index with the indexing 
ports and permit the button to be inserted therethrough 
and yet can be rotated through about 90° to protect the 
assembly from the entrance of dust and dirt during stor 
age and transportation. 

In FIG. 2 is shown the dispenser in the carrying con 
?guration for storage and transportation in which the 
aerosol container 20 is held in the container holding 
sleeve 19 interiorly of the cylindrical barrel of the de 
celeration chamber. ' 

The aerosol container 20 is closed with a valve as 
'sembly 30 which includes a ferrule 31 to hold the valve 
in position and from which valve assembly extends the 
actuating button 24. 
As shown in FIG. 3, at the time of use, the mouth 

piece cap 15 is removed, the holder ?ange 17 removed 
from the other end of the cylindrical barrel, the aerosol 
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container 20 is removed from the container holding 
sleeve 19, the protective sleeve 28‘rotated until the but 
ton apertures 29 index with the indexing port 23, and 
assembled in dose administering con?guration by in 
serting the actuating button 24 through the button ap 
erture 29 into one of the indexing ports 13 so that the 
spray port 32 is axial and concentric with the cylindri 
cal barrel 12 of the deceleration chamber, so that the 
discharge from the aerosol container is symmetrical 
with respect to the deceleration chamber. 
As shown in FIG. 3, in the dose administering posi 

tion the aerosol container 20 extends upwards so that 
the medicament in propellant 33 is drawn by gravity 
against the valve assembly 30. 
The actuating button '24 has a spray port 32.which is 

conveniently counterbored into the button and has a 
spray ori?ce 34 through which the medicament in pro 
pellant is discharged. This spray ori?ce may either be 
formed integral with the spray button or a separate me 
tallic insert may be used. Both are conventional con 
structions. The spray ori?ce should have a diameter 
such that the discharged dose is disbursed in ?nely di 
vided form as a cone on exit from the spray ori?ce. 
An ori?ce of about 0.015 to 0.018 inch vgives a good 

spray pattern. a 

The actuating button- .24 ?ts snugly on the end of a 
valve stem 35 which extends into the valve body 36. 
The valve body 36 has therein a metering chamber 37 
in which the valve stem 35 is slidably mounted. Be 
tween the valve body and the ferrule 31 ‘is a metering 
gasket 38 which performs the dual function of serving 

' as a seal against loss of propellant when the valve stem 
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collar 39 presses against the metering gasket, and acts 
as a ring seal around the valve stem 35 so that as the 
valve stem is depressed against the valve spring 40, the 
metering port 41 in the valve stem passes the metering 
gasketand permits the contents of the metering cham 
ber to pass through the ‘metering port 41, the axial 
valve stem bore 42, extending throughthe valve stem, 
into the discharge passage 43 in the actuating button'24 
to the spray ori?ce 34. At the inner end of the valve 
stem 35 are charging ?utes 44. These cooperate with 
a charging gasket 45 which is held against the lower’ 
end of the metering chamber by a stainless steel valve 
stem washer 46 which, in turn, is- held against the bot 
tom of the metering chamber 37 by the valve spring 40. 
In operation, as the valve stem 35 is depressed, the 

' valve stem 35 passes through the charging gasket 45 so 
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that the charging ?utes pass through the charging gas 
ket and the full diameter of the valve stem 35 seals 
against the charging gasket 45 so that the metering 
chamber is ?lled and closed at the inner end before the 
metering port 41 ‘passes the metering gasket 38 which 
permits the contents of the metering chamber to dis 
charge through the. metering port 41, the axial valve 
stem bore 42, the discharge passage 43, and the spray 
ori?ce 34. 
FIG. 4 shows the actuating button 24 in depressed 

position with the valve in the discharge position. 
When pressure on the actuating button 24 is re 

leased, the valve stein 35 is pushed outwardly by the 
valve spring 40 so that the metering port 41 passes the 
metering gasket 38 which closes discharge from the 
metering chamber, and later_the charging ?utes 44 pass 
the charging gasket 45 permitting the propellant con 
taining the medicament to ?ow through the charging 
?utes 44 and again ?ll the metering chamber 37. 
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The valve body 36 a valve body ?ange 47 which 
covers the end of'the aerosol container 20 and is sealed 
thereto by a container gasket 48. The ferrule 31 holds 
the assemblyin position against the end of the aerosol 
container 20 by the ferrule 31 being swaged against the 
stainless steel or aluminum aerosol container 20. 
The above construction for a metering valve is one 

type of metering valve. Other conventional types of 
metering valves may be used. ' 
Because the metering valve discharges a compara 

tively small charge; for instance about 50 microliters 
per actuation is a convenient commercial size, and 
each discharge has a volume of about that of a small 
drop of water, it is important that the metering cham 
ber be completely ?lled before each actuation and that 
the metering chamber be prevented from draining back 
into the aerosol container between actuations. This loss 
of charge or‘ loss of prime is prevented by an anti-drain 
tank 49. The anti-drain tank 49 ?ts into a ?ange sleeve 
50 on the valve body ?ange 47 which ?ange sleeve 50 
has an interior cylindrical surface against which the an 
ti-drain tank 49 is a‘snug friction ?t. In the periphery 
of the anti-drain tank 49 and between the anti-drain 
tank and the ?ange sleeve 50 is a charging'passageSl 
which provides for re?lling of the anti-drain tank from 
the main body of the medicament in propellant in the 
aerosol container. 4 . _ I 

To protect against accidental disengagement of the 
anti-drain tank as, for example, by dropping the aerosol 
container on the ?oor during use, the anti-drain tank is 
sonically welded into position using an ultrasonic seal 
in which ultrasonic energy is passed through the ?ange 
sleeve to the anti-drain tank. As the energy passes 
through, there is a discontinuity between'the anti-drain 
tank and the ?ange sleeve so that energy is re?ected 
and refracted causing dissipation of ultrasonic energy 
which reappears as heat which melts and thereby seals 
the'anti-drain tank to the ?ange sleeve. By such ultra 
sonic sealing, the assembly is economical and effective. 
When so sealed, the anti-draintank remains in position 
under any use or abuse that does not damage the aero 
sol container itself.’ ‘ ' ' 

Because of the nature of the propellant composition, 
when the actuating button is depressed with the aerosol 
container in dispensing position, the contents of the 
metering chamber are discharged and as the actuating 
button is released, a new charge is drawn from the anti 

. drain tank into themetering chamber and the anti 
' drain tank is re?lled through the charging passage 51. 
The ‘anti-drain tank remains ?lled with the propellant 
containing the medicament independent of the orienta 
tion of the aerosol container. Thus, a predictable, uni 
form, accurate dosage is dispensed with each actuation 
of the actuating button. ' ' 1 

By keeping the ?uted end of the valve stem immersed 
in liquid propellant at all times, the homogeneity of the 
solid - ?nely divided medicament in the propellant is 
maintained more uniformly, and more consistent uni 
form doses are dispersed. The use of a plstic anti-drain 
tank appears to aid in neutralizing electrical charges 
which would otherwise build up in the system. With a 
stainless steel aerosol container 20, the periphery of 
the propellant charge is effectively at a single potential, 
but the propellant can act as a dielectric so that the in 
dividual particles of medicament become charged and 
affect their dispersion and discharge-rate. With the an-' 
ti-drain tank, the effect of the stainless steel container 
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is at least in part neutralized so that static effects are 
reduced or minimized permitting more uniform charge 
characteristics. 7 - 

In the absence of the anti-drain tank, the ?rst 25 per 
cent of discharge doses are found to be higher than the . 
last 25 percent so that the user is receiving more medi-, 
cation than anticipated from the new dispenser and less 
than anticipated from the nearly empty dispenser. With 
the present anti-drain tank, the variation in charges are 
minimized so that the user is obtaining a more reliably 
uniform dosage of the medicament. 

It is di?icult to measure the effect of electrical 
charges within the aerosol container and in the deceler 
ation chamber but independent of the theoretical and 
scienti?c background for explaining uniformity of 
charge, it is found that with the present anti-drain tank, 
more uniform dosages are dispensed and with the de 
celeration chamber in which the mouthpiece has less 
than half the cross sectional area of the cylindrical bar 
rel, and the length of the cylindrical barrel is less than 
twice its diameter, the individual dosages of medica 
ment in propellant are dispersed into the deceleration 
chamber and lose the jet velocity imparted by the pro 
pellant spray. If any particles still retain velocity, they 
either impinge or are retained by'the walls of the decel 
eration chamber or are bounced away from the walls so 
that a dispersed powder charge is formed which is 
mixed with additional diluent air and inhaled, as the 
user inhales the ?nely divided medicament through the 
mouthpiece. A. large portion of the medicament which 
‘would otherwise be deposited in'the mouth of the user 
and, hence, absorbed systemically, are deposited on the 
walls of the deceleration chamber. 
Even though the medicament may be fairly expen 

sive, the dosages are so small that about a 25 to 50 per 
cent loss in the deceleration chamber is a highly ac‘ 
ceptable loss as compared with the advantages of con 
sistency and uniformity of the dose which is adminis 
tered to the patient. ‘ , _ 

With many drugs it is veryimportant that the desired 
quantity be administered to the user. Uniformity is im 
portant so that the physician administering knows what 
adjustments in dosage level need be made depending 
on the response of the user. . 

In FIG. 5 is shown a modi?cation of the aerosol dis 
penser system in which the container holding sleeve of 
the type shown in Meshberg, U.S. Pat..No. 3,012,555, 
supra, is used with an applicator nozzle 52 ?tting in the 
holder ?ange 53 with the bottom end of the aerosol 
container ?tting into the applicator nozzle. Slidably ?t 
ting in the other end of the applicator nozzle is a button 
holding slide 54ywhich can be pressed inward for seal-> 
ing or pulled'outward to hold the actuating button in 
operating position. The details of this construction are 
shown in said U.S. Pat. No. 3,012,555. 
Other con?gurations can be used providing that the 

deceleration chamber is large enough to decelerate the 
dispensed aerosol charge and permit the inhalation ve 
locity from the inhalation of the user to be the sole fac 
tor in controlling the rate of administration at the time 
of use. With a metering trap holding about 50 microli 
ters of material, the energy of discharge is completely 
dissipated in the deceleration trap and a ?ne aerosol, 
almost a smoke, is formed of the drug to be adminis 
tered, and this ?ne aerosol is inhaled into the lungs. 
A smoke is normally de?ned as a suspension of ?ne 

solid particles in a gas such as may be produced by a 
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?re with the particle sizes being in the colloidal range. 
Here the particle sizes range from an overlap of the col 
loidal range at the small end to slightly larger than a 
true colloid. The de?nitions as to particle size ranges 
are somewhat overlapping. ' ' 

For Applicant’s purpose, a particle size range from 
about 0.5 microns to 10 microns gives good results. 
Particleslarger than about 10 microns are too apt to be 
deposited in the mouth or the throat of the user to be 
preferred for inhalation therapy. A few particles in this 
size range are usually not deleterious, but contribute 
disproportionately to systemic absorption rather than 
through the lungs. 

In use, because part of the medicament deposits on 
_ the walls of the deceleration chamber, the chamber 
should be washed occasionally. ' 
The insure adequate dispersion of the powdered me 

dicament in the propellant, a comparatively high pres 
sure propellant system is‘ preferred. Dichlorodi 
?uoromethane (Freon?l2) which has a pressure'of 
about 80vpounds per square inch absolute at room tem 
perature gives good results. A stainless steel or alumi 
num container is preferred for such pressures to avoid 
damage from breakage. Glass containers, or . plastic 
containers, or a plastic, covered and protected glass 
container may be used, but‘ these are more conven 
tional at lower pressures, of theorder of 30 to, 50 
pounds per square inch gage. . 
A plastic valve stem is preferred to metal, as the plas 

tic valve stem'is less subject to binding or sticking from 
powder being packed around'it. A small amount of a] 
cohol, about 1 to 10 percent, functionsas a lubricant 
to keep valve action reliable. Some medicament in pro 
pellant systems function reliably without a lubricant. 
Obviously, the size of the container and the size of 

the metering chamber can vary widely depending upon 
the dosage desired'for actuation, and the number of 
'doses desired to be given to a patient for administra 
tion. 

. Certain medicaments which may be effectively ad-: 
ministered are illustrated by the following examples. 

. EXAMPLE I 

DiethylcarbamazinePamoate ' 

At room temperature, a 2.0 gm ( 0.005 mole) portion 
of diethylcarbamazine (N,N-diethyl-4-methyl-1 
piperazinecarboxamide) dihydrogen citrate is dissolved 
in 20ml. of water. A 2.16 ‘gm ( 0.005 mole) portion of 
the disodium salt of pamoic acid is added. A crystalline 
precipitate separates immediately, but afterstanding 
for about 5 hours at room temperature this disappears 
and is replaced by an amorphous precipitate. On fur 
ther standing for 2 days, the amorphous precipitate 
gradually changes to a crystalline form which is col 
lected and dried yielding. 2.5 gm. 
Repetition of this procedure, with the exception ‘that 

the sodium pamoate is added as an aqueous solution 
rather than a dry powder, results in the immediate pre 
cipitation of an amorphous solid that gradually crystal 
lizes over a 2 day period. The solid is collected and air 
dried yielding 2.7 gm, M.P. 215°—220°C. withv decom 
position. Calculated: “C, 67.44; H, 6.35; N, 7.15 Found: 
C, 66.90; H, 6.26; N, 7.05 
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’ EXAMPLE II 

Diethylcarbamazine Pamoate From Pamoic Acid ' y ‘ 

At room temperature, 15.4 Kg. (32.4 mole) of tech 
nical grade disodium pamoate'monohydrate is added to 
175 liters of methanol in a 100 gallon stainless steel 
kettle, and the mixture stirred until maximum, but not 
complete, solution is obtained. 1.5 Kg. of activated 
charcoal and 1.5 Kg. of diatomaceous earth are added 
and the mixture is stirred for one hour. The mixture is 
?ltered through diatomaceous earth. The cake' is 
‘washed with three 2 liter portions of methanol. The ?l~ 
trate and washes are charged in a 100 gallon glass lined 
kettle, 21 liters of water added, and 10.9 liters (130 
moles) of concentrated hydrochloric acid is added 
fairly‘ rapidly. A bright yellow solid precipitates imme 
diately. Stirring is continued at room temperature for 
l ‘k hours. Free pamoic acid is recovered by ?ltration ' 
and washed with three 20 liter portions of water. The 
cake is slurried with about 80_liters of water for 1 hour, 
solids ?ltered off, the solids washed with three 2 liter 
portions of water and then with three 4 liter portions of 
methanol. The solid is then dried for 2 days at 
50°—55°C. The crude pamoic acid (11.8 Kg.) is dis- 1 
solved in 61 liters of dimethylformamide at 85°-90°C. 
Two pounds of diatomaceous earth are added and the 
mixture is stirred for one-half hour before ?ltering, 
through pre-heated funnels. The cake is washed with 
three 3 liter portions of dimethylformamide. The fil 
trate is added to 70 liters of water in a 50 gallon glass 
lined kettle. An additional 20 liters of water is added 
and the resulting mixture is stirred for 1 ‘12 hours while 
being cooled to below 25°C. The puri?ed pamoic acid 
is ?ltered off, pressed dry and then washed with three 
6 liter portions of water followed by three 4 liter por 
tions of methanol. The pamoic acid is dried to a con 
stant weight of 10.8 Kg. ( 86 percent based on 95 per 

» cent real starting disodium salt). 

40 
A _l0.l Kg. (25.8 moles) portion of diethylcar 

bamazine dihydrogen citrate is dissolved in 80 liters of 
water and the solution is ?ltered. . 
A 1.96 Kg. (49.0 moles) portion of sodium hydroxide 

is dissolved in 100 liters of water and 10.0 Kg. (25.8 
moles) of purified pamoic acid, prepared as described 
in this example, is added. The pamoic acid-sodium hy 
droxide mixture is stirred for one-half hour, -2 pounds 

' of diatomaceous earth is added, stirring is continued 
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for 1 hour and the mixture is clari?ed by ?ltration. 
The ?ltrate is charged in a 100 gallon glass lined ket 

tle, stirred and the diethylcarbamazine citrate solution 
is added as rapidly as convenient. A very thick cream-. 
colored precipitate forms immediately. Forty liters of 
water is added. After 1 hour of stirring thev mixture 
thins out considerably. Stirring is continued for l more 
hour. The product is collected by ?ltration and washed 
with three 15 liter portions of water. The material is 
dried at 50°-55°C., and then micro-milled twice in a 
fluid energy mill to give 13.5 Kg. of product. A 10.8 Kg. 
portion of this diethylcarbamazine pamoate is dissolved 
in a mixture of 25 liters of dimethylsulfoxide and-50 li 
ters of methanol at 65°C. The hazy solution is ?ltered 
through diatomaceous earth and the cake is washed 
with three 4 liter portions of methanol. The ?ltrate and 
washes are charged in a 50 gallon glass lined kettle and 
warmed to dissolve any separated material. Forty liters 
of methanol are added and the solution is chilled to and 
maintained at 0° (E4°C. overnight. The product is fill 



1 1 ‘ 

tered off and washed three times with 1.5 liters of 
methanol. After drying at 45°—50°C. the materialis mi 
cro-milled yielding 8.0 Kg. of diethylcarbamazine 
pamoate (‘N,N-diethyl-4-methyl-'l 
piperazinecarboxamide pamoate)(equimolar) ' having 
90 percent or more of the particles 10 microns or less 
in size. ‘ » _ _ - 

EXAMPLE III 

To a stirred suspension of 50.5 mg ( 0.1 3 mole) of pu 
ri?ed pamoic acid in 400 ml of acetone heated'to 50°C. - 
there ‘is added 53.0 gm (0.27 mole) of‘ diethylcar 
bamazine dihydrogen' citrate. The resulting clear yel 
low solution is allowed to cool to room temperature 
and is then ?ltered.v The ?ltrate is concentrated to dry 
ness in vacuo at 50°C. and the resulting product is dried 
in vacuo at 75°—80°C. for 16 hours yielding ‘102.0 gm 
of bis-(N,N-diethyl-4-methyl-l-piperazine carboxarn 
ide) pamoate as'Aa'yellow ‘amorphous powder, M.P. 
l0l°—105°C. Analysis: Calculated: C,‘65.62; H, 7.44; 
N, 10.68 C43H5aN6Oa(787) Found: C, 65.22; H, 7.79‘;~ 
N, 10.80 ' ' - 

EXAMPLE IV _ 

N, N-diethyl-4-methyl-l-piperazinecarboxamide 
pamoate was passed through a ?uid energy pulveri‘zing 
mill and micronized to 0.5 to 10 microns, vwith 90 per 
cent by weight being in the range of l to 5 microns. 300 
milligrams thereof in dry form where introduced into a 
10 milliliter stainless steel container adapted to be fit 
ted with an aerosol metering spray nozzle, and thereto 
was added 0.75 grams of anhydrous ethanol. Chilled 
(—40°C) dichlorodi?uoro methane was added from a 
pressure tank to the open container which by evapora 
tive cooling rapidly chilled the container and its con 
tents, enough beingadded that the container held 15 
grams of dichloro?uoromethane, after which the con 
tainer was closed with a metering valve, and the meter 
ing valve sealed in place. 
A metering valve was used which discharged 50 mi 

croliters of contents per actuation which gives 1.3 milli-. 
grams of vN,N-diethyl-4-methyl-l-piperazinecar 
boxamide pamoate per actuation with 65 milligrams 
of dichloro?uoromethane and _ 3.25 ; milligrams of 
ethanol being simultaneously dispensed. These 
are volatile and become mixed with. enough air so 
as to have minimal or no physiological activity. 
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Depending upon the degree of severity of an asth- . 
matic attack, one or more actuations inhaled bring re 

. lief. The inhalation administration gives a rapid and 'ef 
fective method of administration which is more rapidly 
effective than systemic administration. 
The N,N-diethyl-4-methyl-l-piperazinecarboxamide 

pamoate is more’effective for prophylactic or long term 
treatment than for instant relief. Other drugs are pre 
ferred for very rapid relief during an asthmatic attack. 
The present N,N-diethyl-4-methyl-l 
piperazinecarboxamide pamoate in doses of from 
about 0.5 to 30 milligrams of diethylcarbamazine 
equivalent administered three times a day, the dosage 
level being adapted to the patient, and the intensity of 
therapy required, gives good long term control of many 
asthmatic conditions. 

60 

Because the diethylcarbamazine pamoate is adminis- 6 
tered directly to the lungs, a smaller dosage, as the di 
ethylcarbamazine, is normally required for effective re 
lief than if administered systemically, i.e., orally, with 
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the circulator system being utilized‘to carry the medi 
cament to the lungs. . 

EXAMPLE V 

Triamcinolone acetonide 
Triamcinolone acetonide was micronized in a ?uid ‘ 

energy mill until 90 percent by weight was in the parti 
cle size range of l to 5 microns. ' ' 
A 19 ml. ‘stainless steel container had charged thereto 

30 mg. of the micronized triamcinolone acetonide, 
0.244 ml. of anhydrous ethanol and was cold ?lledwith 
19.5’ grams of ‘ dichlorodi?uoromethane at —40°C, 
evaporation serving to chill the container, ‘and an ex 
cess being added to allow for evaporation. The ?lled 
containers were closed with a metering valve, as above 
described, and sealed. Dispersion in the propellant is 
improved when the ?lled containers are immersed in an 
ultrasonic bath that transfers energy .from' the trans 
ducer to the contents of the aerosol container. 
Good results are normally obtained by shaking to dis 

perse the triamcinolone acetonide in the system. Ultra 
sonic dispersal is a refinement to insure more uniform 
dispersion in micronized form. I ’ ». - _ 

The components can be mixed, treated. ultrasonii 
cally, and pressure ?lled. Pressure filling 'is more com 
plex for small scale runs, but often preferred for large ' 
size runs, and saves loss ofv the ‘propellant. The valve 
needs to be speci?cally designed for such pressure ?ll. 

Each actuation of the valve button delivers about 0.1 
mg. of triamcinolone acetonide. Five actuations four 
times a day gives a dosage of about 2 mg. of triamcino 
lone acetonide. As a portion is retained in the decelera 
tion chamber, and some is exhaled, slightly more than 
1 mg. a day is administered for a typical patient. A sys 
temic dose'for a patient is about 8 mg. The lower level 
and delivery to the preferred site is a major'advantage. 

The patient should be instructed to actuate the but 
ton to release the medicament into the deceleration 
chamber, and to inhale so that only the inspired air im 
parts velocity to the particles being absorbed. The pa 
tient should hold the inspired dose for a'few seconds to 
permit absorption on lung surfaces before exhaling. A 
minor amount of the medicament is exhaled. 
Wherein the propellant in the preceding example is 

dichlorodi?uoromethane, other chloro?uoroalkanes 
and their mixtures may be used. ' 
Other modi?cations 

the art. I 

I claim: _ ' ' > a » _ 

1. An aerosol dispenser for dispensing uniform dos 
ages of a ?nely-divided powdered medicament sus 
pended in a propellant at a low velocity in inhalable dry 
aerosol form in the particle size range of 0.5 to 10 mi 
crons, comprising ' 

, a circular cylindrical container carrier and decelera 
tion chamber consisting essentially of a cylindrical 
barrel, and, at one end thereof, a mouthpiece and 
a mouthpiece-to-chamber ?are, the mouthpiece 
being adapted to fit into a human mouth, said 
mouthpiece being cylindrical, and positioned coax 
ial with the cylindrical barrel by said flare, 

a mouthpiece cap, adapted to removably engage and 
close the mouthpiece indust excluding relation 
ship, 

are apparent to those skilled in 



and at the other end of 
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said chamber a removable 

container holder, adapted to close the deceleration 
chamber in essentially air tight relationship, com 
prising a holder ?ange, adapted to ?t in sealing re 
lationship with the cylindrical barrel of said cham 
ber, a container holding sleeve effectively coaxial 
and integral with theholder ?ange and of a size to 
hold a circular the holder aerosol container with a 
friction-?t,‘ and a button holder coaxial with‘ the 
holder ?ange with means to hold an actuating but 
ton on an aerosol container in indexed relationship 
to discharge axially with the deceleration chamber, 
in dose administering position, 

means to close the button holding means in dust ex 
cluding relationship in a carrier con?guration, 

and a circular cylindrical aerosol container having a 
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dose metering valve having thereon an actuating 
button, which button ?ts into said button holding 

a means in a dispensing con?guration and which 
container ?ts interiorly of the cylindrical decelera 
tion chamber in a storage con?guration. ' 

2. The aerosol dispenser of claim 1 in which the base 
of the aerosol container ?ts into the container holding 
sleeve and the actuating button extends towards and is 
shielded by the mouthpiece cap, when in the storage 
and carrying con?guration. 

3. The aerosol dispenser of claim 1 in which the fer 
rule end of the aerosol container ?ts into the container 
holding sleeve, and the actuating button extends into 
the button holder, when in the storage and carrying 
con?guration. _ 

* * * * * 
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