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COMPLETE SPECIFICATION                 Aerosols and Compositions containing
Prostaglandin                                          Compounds
We, MAY & BAKER LIMITED, a British          spasm  (status astmaticus)
which have       Company of Dagenham, Essex, England, do        failed to
respond to treatment with other       hereby declare the invention, for
which we    bronchodilators, but, as is well known, the  45       pray that
a patent may be granted to us, and   long-term administration of
corticosteroids   5  the method by which it is to be performed, to
involves the risk of the appearance of a       be particularly described in
and by the follow-  considerable number of very serious ad-       ing
statement: -                               verse side-effects such as
peptic ulceration,         This invention relates to the use of prosta-
osteoporosis with vertebral collapse, mentai  50       glandin E, and its
esters and non-toxic salts  breakdown, fluid retention, systemic hyper-
10  in aerosols as bronchodilators.                tension and diabetes;
Bronchodilators, i.e. substances which cause  (c) the most frequently-used
sympathomimetic       relaxation of the smooth muscle of the bron-  agents,
which are adrenaline (epinephrine),       chial tree, are extensively used
to relieve, i.e.  ephedrine and isoprenaline (also known as  55
remove or reduce, the state of bronchospasm,   isoproterenol)  are  very
powerful and   15  thereby  facilitating  breathing, in  patients
effective agents for relieving the symptoms       suffering from
conditions such as bronchial   of acute asthmatic spasm, but suffer from
asthma, bronchitis, bronchiectasis and emphy-  the disadvantage of
producing severe ad-       sema. The most widely-used bronchodilators,
verse side-effects including stimulation of  60       which may be
administered individually or in   the cardiovascular and central nervous
20  combination and in various pharmaceutical-     systems and
hyperglycemia. These side-       presentation forms, such as injectable
solutions  effects are particularly to be expected,       and suspensions,
tablets for oral administra-  when over-dosage occurs, which happens
tion, aerosols for inhalation and suppositories,  not infrequently when the
asthma sufferer  65       are (a) xanthine derivatives, (b)
corticosteroids,  is seeking rapid relief from the crippling   25  and  (c)
sympathomimetic  agents. These       effects of an acute attack. In
addition,       bronchodilator agents have, however, draw-     tolerence to
the beneficial effects of these       backs which limit their
effectiveness.         substances sometimes develops. It will be
Thus: -                                        appreciated that these
agents are com-  70       (a) theophylline and aminophylline, the most
monly self-administered by the patient and 



30     frequently  used   xanthine  derivative    are not under direct
medical supervision,          bronchodilators, produce undesirable side-
thereby increasing the chances of acciden-          effects upon the
cardiovascular system and,  tal or deliberate over-dosage. Isoprenaline
when administered orally, suffer from the  is a particularly widely-used
sympatho-  75          disadvantage of producing gastric irrita-  mimetic
bronchodilator administered by   35     tion. In addition, the production
of ade-   inhalation through the mouth as an aerosol.          quate and
predictable blood concentrations  It is well known, however, that
over-dosage          is rendered difficult by variability of ab-  with
isoprenaline-containing aerosols can          sorption;
result in serious cardiac disturbances, and  80       (b) the
corticosteroids, such as prednisolone,  instances of fatality attributed to
this cause   40     betamethasone, dexamethasone and hydro-     are known,
for example as described in          cortisone are very effective in
relieving  'Pressurized Aerosols: Asthma', Brit.med.          conditions of
asthma and acute asthmatic   J.(1967), i 756; ii 375. In addition, toler-
Price 5s. Od.]          2                                         1,191,412
2          ance to the beneficial bronchodilator effects
ceutically-acceptable liquid medium. The com-         of isoprenaline may
develop. There is evi-  pounds of formula II, and more especially
dence to suggest that repeated administra-  PGE[err] and its non-toxic
salts, are particularly         tion of isoprenaline in man causes the ac-
valuable as bronchodilators by administration  55 5      cumulation in the
lungs of 2-methoxyiso-  by oral inhalation in the form of aerosols, being
prenaline, a compound which itself blocks  more potent by this route of
administration         sympathetic [err]-receptors and thus inhibits  than
isoprenaline, which is, as hereinbefore         further bronchodilator
action by isopren-  mentioned, widely-used as a bronchodilator in
aline [Paterson, J.W. et al -  Isoprenaline  the form of aerosols, and
devoid of the adverse  60 10     resistance  and  the  use  of pressurized
side-effects associated with the use of isopren-         aerosols -
Lancet, ii, 426 (1968)].        aline-containing aerosols for
bronchodilation.         It will be readily appreciated from  the  The
higher bronchodilator potency of PGE[err] in      limitations of
currently-used bronchodilators  comparison with isoprenaline is the more
re-      described above, that it is a desirable objective  markable in
that on intravenous administra-  65 15  to increase the range of available
broncho-  tion PGE[err] is equipotent to, or less potent      dilators and
more particularly  to  discover  than, isoprenaline as a bronchodilator in
the      bronchodilators which are effective and well-  guinea-pig.
tolerated by the body without serious adverse    Examples of suitable
values for R, when      side-effects.                                  an
alkyl group, include methyl, ethyl, n-propyl,  70 20    The prostaglandins
are a family of naturally  isopropyl, n-butyl, tert-butyl, n-pentyl,
n-hexyl,      occurring unsaturated fatty acids which are  3-methylpentyl
and  2,3-dimethylbutyl. The      known to have a wide range of pharmaco-
esters of general formula II, i.e. the com-      logical activities. More
than 20 have been iso-  pounds wherein R represents an a]kyl group,
lated to date from the tissues of warm-blooded   may  be prepared  from
PGE[err] by  known  75 25  animals including man.
methods for the esterification of carboxylic 



Prostaglandin E[err] (hereinafter referred to as  acids, for example by the
treatment of a solu-      'PGE[err]') is a well-known member of this  tion
of PGE, in a suitable inert organic sol-      family, its isolation,
identification, preparation   vent such as diethyl ether, with the
appropriate      by semi-synthetic methods and possession of a
diazoalkane, e.g. diazomethane, diazoethane or  80 30  number of
pharmacological properties being   1 - diazo - 2 - methylpentane. The ester
may      described in the literature. PGE[err] has the  be isolated from
the reaction mixture by distil-      formula: -
lation of the solvent and other components of
the system which may be present, e.g. any un-
[err]           reacted diazoalkane. Thus, the methyl ester  85
of PGE[err] can be prepared as follows: -
I        A solution of diazomethane in diethyl ether                   (1.5
ml. of solution containing 0.84 g. of                          OH
diazomethane per litre) was added to a solu-
tion of PGE[err] (3 mg.) in diethyl ether (5  90        As a result of
research and experimentation,   ml.). After standing for one hour at
ambient 35  it has been found that the compounds of the    temperature, the
diethyl ether was removed     general formula:-
under reduced pressure (20  mm.Hg) by
warming gently on a steam bath, to give the
methyl ester of PGE[err] in the form  of a  95
[err]             white solid.
By the term "known methods", as used in
II    the specification, is meant methods heretofore                OH
used or described in the literature. By "non-
toxic salts" is meant salts the cations of which  100
are relatively innocuous to the animal or-     wherein R represents a
hydrogen atom  (i.e.  ganisms when used in therapeutic doses so that
PGE[err]) or a straight or branched alkyl group  the beneficial
pharmacological properties of the 40  containing from  1 to 6 carbon atoms,
and   parent compound PGE[err] are not vitiated by     preferably from  1
to 4 carbon atoms, and,  side-effects ascribable to those cations. Prefer-
105     when R represents a hydrogen atom, non-toxic  ably, the salts are
water-soluble. Suitable salts     salts thereof, are highly potent as
broncho-  include the alkali metal, e.g. sodium or potas-     dilators when
administered orally by inhala-  sium, and ammonium salts and pharmaceutic-
45  tion in the form of aerosols and may be used   ally-acceptable, i.e.
non-toxic, amine salts.     for the relief of bronchospasm. Accordingly,
Amines suitable for forming such salts with  110     there is provided, as
a feature of the present  carboxylic acids are well known and include,
invention, aerosols comprising at least one  for example, amines derived in
theory by the     prostoglandin compound of formula II or,  replacement of
one or more of the hydrog-n 50  when R represents a hydrogen atom, a non-
atoms of ammonia by groups, which may  be     toxic salt thereof, in
association with a pharma-  the same or different when more than one  115
3                                         1,191,412
3       hydrogen atom is replaced, selected from alkyl  gland in the
presence of glutathione, as des- 



groups containing from 1 to 6 carbon atoms,  cribed by Nugteren, D.H.,
Beerthuis, R.K.      hydroxyalkyl groups containing from  1 to 3  and van
Dorp, D.A., (1967) -  'Biosynthesis      carbon atoms, cycloalkyl groups
containing   of prostaglandins' -  Prostaglandins - Nobel 5  from  3 to 6
carbon atoms, phenyl groups,  Symposium 2, Ed. Bergstrom, S. and Samuel-
70     phenylalkyl groups containing from  7 to 11  son, B., 45-50 -
London: Interscience.     carbon atoms and phenylalkyl groups contain-
The compounds of general formula II and     ing from 7 to 15 carbon atoms
wherein the  non-toxic salts thereof may, according to the     alkyl
moieties are substituted by hydroxy  present invention, be administered
orally as 10  groups. The alkyl moieties of such alkyl and  bronchodilators
by any method known per se  75     phenylalkyl groups  may  be  straight-
or  for the administration by inhalation of drugs     branched-chain and
the phenyl group and  which are not themselves gaseous under normal
phenyl moieties of phenylalkyl groups may be  conditions of administration.
Thus, a solution     unsubstituted or substituted by one or two  of the
active ingredient in a suitable pharma- 15  straight- or branched-chain
alkyl groups con-  ceutically-acceptable  solvent,  for  example  80
taining from  1 to 6 carbon atoms. Suitable  water, can be nebulized by a
mechanical     amines also include those derived in theory  nebulizer, for
example a Wright Nebulizer, to     by the replacement of two of the
hydrogen  give an aerosol of finely-divided liquid par-     atoms of
ammonia by a hydrocarbon chain,  tides suitable for inhalation.
Advantageously, 20  which may be interrupted by nitrogen, oxygen  the
solution to be nebulized is dilute and pre-  85     or sulphur atoms, to
form, together with the  ferably aqueous, solutions containing from 0.05
nitrogen atom of ammonia to which its ter-  to 5.0 mg., and preferably 0.05
to 0.5 mg., of     minal groups are attached, a five- or six-mem-  active
ingredient per ml. of solution being     bered nitrogen-containing
heterocyclic ring,  particularly suitable. The solutions may con- 25  which
heterocyclic ring may be unsubstituted  tain stabilizing agents such as
sodium  bi-  90     or substituted by one of two straight- or  sulphite and
buffering agents to give it an     branched-chain alkyl groups containing
from 1  isotonic character, e.g. sodium chloride, sod-     to 6 carbon
atoms. Examples of suitable amine  ium citrate and citric acid.     cations
include mono-, di- and tri-methylam-    The active ingredients may also be
admin- 30  monium, mono-, di- and tri-ethylammonium,  istered orally by
inhalation in the form  of  95     mono-, di- and tri - n - propylammonium,
aerosols  generated   from   self-propelling     mono-, di- and
tri-isopropylammonium, ethyl-  pharmaceutical  compositions.  Compositions
dimethylammonium, mono-, di- and tri - 2 -  suitable for this purpose may
be obtained by     hydroxyethylammonium, ethyl bis(2 - hydroxy-  dissolving
or suspending  in  finely-divided 35  ethyl)ammonium, n - butylmono - 2 -
hy-  form, preferably micronized to an average  100     droxyethylammonium,
tris(hydroxymethyl)-  particle size of less than 5 microns, the active
methylammonium,        cyclohexylammonium,  ingredients in
pharmaceutically-acceptable sol-     benzylammonium,
benzyldimethylammonium,  vents, e.g. ethanol, which are co-solvents assist-
dibenzylammonium, phenyl - 2 - hydroxy-  ing in dissolving the active
ingredients in the 40  ethylammonium, piperidinium, morpholinium,  volatile
liquid  propellants hereinafter des- 105      pyrrolidinium, piperazinium,
1 - methylpiper-  scribed, or pharmaceutically-acceptable sus-
idinium, 4 - ethylmorpholinium, 1 - isopropyl-  pending or dispersing
agents, for example ali-      pyrrolidinium, 1,4  - dimethylpiperazinium,
phatic alcohols such as oleyl alcohol, and in-      1 - n -
butylpiperidinium, 2 - methylpiper  corporating the solutions or
suspensions ob- 45  idinium and I - ethyl - 2 - methylpiperidin-  tained
with pharmaceutically-acceptable vol- 110      ium.
atile liquid propellants, in conventional pres-        The non-toxic salts
may be prepared by  surized packs which may be made of any suit-
reaction of stoichiometric quantities of PGE[err]  able material, e.g.
metal, plastics or glass, ade-      and the appropriate base, e.g. an
alkali metal  quate to withstand the pressures generated by 50  hydroxide
or  carbonate,  ammonium   hy-  the volatile propellant in the pack.
Pressur- 115 



droxide, ammonia or an amine, in a suitable  ized
pharmaceutically-acceptable gases, such as      solvent which is preferably
water in the case  nitrogen, may also be used as propellants. The      of
the preparation of alkali metal salts and  pressurized pack is preferably
fitted with a      water or isopropanol in the case of amine  metered valve
which dispenses a controlled 55  salts. The salts may be isolated by
lyophilisa-  quantity of the self-propelling aerosol com- 120      tion of
the solution or, if sufficiently insoluble  position as a single dose.
in the reaction medium, by filtration, if neces-    Suitable  volatile
liquid  propellants  are      sary after removal of part of the solvent. If
known in the art and include fluorochlorinated      a
pharmaceutically-acceptable solvent as here-  alkanes containing from one
to four, and pre- 60  inafter described is used in the preparation of
ferably one or two, carbon atoms, for example  125      the salt, the
solution obtained may be used as  dichlorodifluoromethane,
dichlorotetrafluoro-      such without isolation of the salt.
ethane, trichloromonofluoromethane, dichloro-        PGE[err] may be
prepared by the incubation of  monofluoromethane and monochlorotrifluoro-
di - homo - y - linolenic acid with a lyophil-  methane. Preferably, the
vapur pressure of the 65  ised particulate fraction of sheep vesicular
volatile liquid propellant is between about 25  130            4
1,191,412     and 65 pounds, and more especially between   avoid
pharmacological deactivation  of the  65     about 30 and 55 pounds, per
square inch gauge  active ingredient.     at 70[err]F. As is well-known in
the art, volatile    In carrying out the present invention, the     liquid
propellants of different vapour pres-  means of producing an aerosol for
inhalation 5   sures may be mixed in varying proportions to  should be
selected in accordance with the     give a propellant having a vapour
pressure  physico-chemical properties of the active in-  70     appropriate
to the production of a satisfactory   gredient. For example, PGE[err] is
sufficiently     aerosol and suitable for the chosen container.  soluble in
ethanol to give solutions which are     For example dichlorodifluoromethane
(vapour  readily miscible with fluorochlorinated alkane 10  pressure 85
pounds per square inch gauge at  propellants to enable self-propelling
composi-     70[err]F) and dichlorotetrafluoroethane (vapour  tions to be
prepared readily. Alkali metal salts  75     pressure 28 pounds per square
inch gauge at  of PGE, although sufficiently soluble in water     70[err]F)
may be mixed in varying proportions to  to give aqueous solutions suitable
for mechani-     give propellants having vapour pressures inter-  cal
nebulization to give aerosols, are, how- 15  mediate between those of the
two constituents,  ever,  insufficiently  soluble  in  the  usual     e.g.
a mixture of dichlorodifluoromethane and  co-solvents used  to  assist
solution in the  80     dichlorotetrafluoroethane  in  the proportions
usual co-solvents used to assist solution in the     38.62 respectively by
weight has a vapour  usual  volatile   pharmaceutically-acceptable
pressure of 53 pounds per square inch gauge at  propellants to  give
suitable  self-propelling 20  70[err]F.
compositions of this type but may be micron-        The  self-propelling
pharmaceutical com-  ised,  preferably  to  an  average  particle  85
positions may be prepared by dissolving the   size  of less  than  5
microns, and  sus-     required quantity of active ingredient in the
pended  in  the  volatile  propellants,   if     co-solvent or combining
the required quantity  necessary   utilizing   a   suspending   or 25  of
active ingredient with a measured quantity   dispersing agent as
hereinbefore mentioned,     of suspending or dispersing agent. A measured
to form self-propelling compositions.          90 



quantity of this composition is then placed      By the term
"pharmaceutically-acceptable"     in an open container which is to be used
as  as applied in this specification and claims to     the pressurized
pack. The container and its  solvent, suspending or dispersing agents, pro-
30  contents are then cooled to below the boiling   pellants and gases is
meant solvent, suspend-     temperature of the volatile propellant to be
ing or dispersing agents, propellants and gases  95     used. The required
quantity of liquid propel-  which are non-toxic when used in aerosols
lant, cooled below its boiling temperature, is  suitable for inhalation
therapy.     then added and the contents of the container     It is highly
desirable that the aerosols should 35  mixed. The container is then sealed
with the   have a particle size less than about 10 microns     required
valve fitting without allowing the   and preferably less than 5 microns,
for ex- 100     temperature to rise above the boiling tempera-  ample
between 0.5 and 3 microns, to ensure     ture of the propellant. The
temperature of  effective distribution to very narrow bronch-     the
sealed container is then allowed to rise  ioles. Preferably, administration
is by means 40  to ambient with shaking to ensure complete  of devices
enabling controlled quantities of     homogeneity of the contents to give a
pres-  the active ingredients to be administered, for     surized pack
suitable for generating aerosols  example by means of the metered valves
here-     for inhalation. Alternatively, the co-solvent  inbefore
mentioned.     solution of the active ingredient or combina-    The dose of
active ingredient to be used to 45  tion of active, ingredient and
suspending or  relieve bronchospasm  varies with the gravity     dispersing
agent is placed in the open con-  of the symptoms exhibited by the patient
and  110     tainer, the container sealed with a valve, and  the individual
characteristic response of the     the liquid propellant introduced under
pres-  patient to the active ingredient. In general,     sure.
however, doses of between 0.04 ug and 0.8 50    Means for producing
self-propelling com-   ug. of active ingredient per kg. of body weight
positions for generating aerosols for the ad-  administered  orally  in
aerosols give good  115     ministration of medicaments are, for example,
symptomatic relief, more particularly  with     described in detail in
United States Patents  PGE[err]. The treatment may be repeated as and
No's 2,868,691 and 3,095,355.                  when required by any return
of the symptoms. 55    Preferably,  the  self-propelling  pharma-      The
following Examples illustrate the pre-     ceutical compositions according
to the present  sent invention.                               120
invention contain from  0.05 to 5.0 mg., and                    EXAMPLE 1
more particularly 0.05 to 0.5 mg., of active     An aerosol was generated
from an aqueous     ingredient per ml. of solution or suspension. It
solution of PGE[err] containing 0.1 mg. of active 60  is important that the
pH  of solution and  ingredient per ml. of solution by means of a
suspensions used, according to the present in-  nebulizer operating at a
pressure of 20 pounds  125     vention, to generate aerosols should be kept
per square inch. The aerosol thus produced     within the range 3 to 8 and
preferable that  was suitable for use as a bronchodilator by in-     they
should be stored at or below 4[err]C., to  halation.         5
1,191,412                                               5
EXAMPLE 2                     contents rendered homogeneous by shaking, 



Proceeding as in Example 1, but replacing  while allowing the temperature
of the bottle     the aqueous solution of PGE[err] by an aqueous  and its
contents to return to ambient. Each     ethanolic solution of the sodium
salt of PGE[err]  "puff" (generated from 55 ul. of solution of 5
containing 0.1 mg. of PGE[err] per ml. of solu-  aerosol released from  the
pressurized pack  70     tion obtained by dissolving the PGE[err] in the
thus obtained contained 27.5 ug. of PGE[err] (in     minimum  quantity of
ethanol, adding the  terms of the free acid).     stoichiometric quantity
of sodium  carbonate                   EXAMPLE 7     and diluting with
water, a similar aerosol    Self-propelling pressurized packs similar to 10
suitable for use as a bronchodilator by inhala-  those described in
Examples 3 to 6 were pre-  75     tion was obtained.
pared by the procedures described in the afore-
EXAMPLE 3                     said examples but replacing the steps of
cool-       A solution of PGE[err] (4.5 mg.) in absolute  ing and
introducing the dichlorodifluorometh-     ethanol (0.45 ml.) was passed in
a polyvinyl-  ane and dichlorotetrafluoroethane cooled to the 15  chloride
-  coated glass bottle (20 ml. vol-  liquid state and sealing the bottle
with the  80     ume), the bottle cooled to a low temperature  metered
valve by the steps of sealing the bottle     (- 60[err]C.) and
dichlorodifluoromethane (3.7  with the metered valve and introducing these
ml.; 4.9 g.) and dichlorotetrafluoroethane (4.85  volatile  liquid
propellants under pressure     ml.; 7.3 g.), cooled to the liquid state,
added  through the valve. 20  to give a self-propelling composition (9 ml.)
The valuable bronchodilator activity of the  85     containing 0.5 mg. of
PGE[err]/ml. of solution.    compounds of general formula II and, when
The bottle was sealed with a metered valve  R represents a hydrogen atom,
their non-toxic     (with dip tube) delivering 55 ul. doses and the  salts,
is demonstrated by the following experi-     contents rendered homogeneous
by shaking,  ments. Throughout the experiments, isopren- 25  while allowing
the temperature of the bottle  aline was used in the form of its sulphate,
but  90     and its contents to return to ambient. Each  doses are quoted
in terms of the free base.     "puff" (generated from 55 ul. of solution)
of  Unless otherwise indicated, PGE[err] was used in     aerosol released
from the pressurized pack thus  the form  of its sodium  salt, but doses
are     obtained contained 27.5 [err]g. of PGE[err].      quoted in terms
of the free acid. 30                   EXAMPLE 4
Tests were carried out on the guinea-pig,  95        Proceeding as in
Example 3 but replacing  which is generally considered to provide a re-
the solution of PGE[err] (4.5 mg.) in absolute  liable model for the human
subject with good     ethanol (0.45 ml.) by a solution ten times more
clinical correlation in the study of broncho-     dilute, i.e. PGE[err]
(0.45 mg.) in absolute ethanol  dilators [Herxheimer, H[err] -  The
broncho- 35  (0.45 ml.), a pressurized pack, containing 0.05  constrictor
action of propanolol aerosol in the  100     mg. of PGE,/ml. of solution,
was obtained,  guinea-pig -  J. Physiol., London, 190 41-     from which
each "puff" (generated from 55  42P (1967)].     ul. of solution) of
aerosol released contained  a) Albino guinea pigs of either sex, weighing
2.75 ug. of PGE[err].                            250-500 g., were
anaesthetized with ure- 40                   EXAMPLE 5
thane (1.5-2.0 g./kg. animal body weight 105        Proceeding as in
Example 3 but replacing    intraperitoneally), the depth of anaesthesia
the solution of PGE[err] (4.5 mg.) in absolute   being designed to be
sufficient to suppress     ethanol (0.45 ml.) by a solution one hundred
voluntary respiration. The trachea of the     times more dilute, i.e.
PGE[err] (0.045 mg.) in  animal was then cannulated and connected 45
absolute ethanol (0.45 ml.), a pressurized pack,    to a recording device
operating upon the  110     containing 0.005 mg. of PGE[err]/ml. of
solution,  principles of the method of Konzett, H.     was obtained, from
which each "puff" (gener-   and Rossler, R. Arch, exp. Path. Pharmak.,
ated from 55 ul. of solution) of aerosol re-  195, 71-74 (1940), whereby
alterations     leased contained 0.275 ug. of PGE[err].          in
bronchial tone are reflected by changes 50                   EXAMPLE 6
in the volume of air entering lungs in- 115 



PGE[err] (9 mg.) was added to a 0.4%  w/v    flated at a constant pressure.
The lungs      solution of triethanolamine in absolute ethanol  were then
artificially inflated to a constant      (0.9 ml.) and a portion of the
resulting solu-  pressure, using a respiration pump deliver-      tion of
the triethanolamine salt of PGE[err] (0.25  ing a constant stroke volume.
With each 55  ml.) was placed in a polyvinyl chloride-coated  stroke of the
respiration pump, that air 120     glass bottle (20 ml. volume). The bottle
and  which did not enter the lungs at the set     contents were then cooled
to - 60[err]C. and di-    pressure was diverted and its volume re-
chlorodifluoromethane (1.93 ml.; 2.56 g.) and  corded using a piston
recorder. Variations     dichlorotetrafluoroethane (2.82 ml.; 4.16 g.),
in the tone of the bronchiolar smooth 60  each at - 60[err]C., were added
to give a self-   muscle result in corresponding changes in  125
propelling composition (5 ml.) containing 0.5    the resistance of the lung
to inflation, which      mg. of PGE[err] (in terms of the free acid) per
are reflected by alterations in the volume of      ml. of solution.
air recorded.        The bottle was sealed with a metered valve    Aerosols
were generated from aqueous solu- 65  (with dip tube) delivering 55 ul.
doses and the  tions containing known concentrations of PGE[err] 130
6                                         1,191,412
6      or from  aqueous solutions containing known  that used to generate
the first-tested aerosol,     concentrations of isoprenaline, the latter
com-  or with an aerosol containing the other com-     pound being used as
a standard. The dose  pound under study. In each instance, aerosols
administered was varied by altering the con-  generated from solutions of
PGE[err] and aerosols 5   centration of the solution from  which the
generated from solutions of isoprenaline were  30     aerosol was
generated. In  each individual  administered to the same animal in order to
animal, standard  severe, but sub-maximal,  obtain a direct comparison of
the degree of     bronchoconstrictor responses were established
antagonism  of agonist-induced  bronchocon-     by the intravenous
administration of a broncho-  striction produced by PGE[err] or
isoprenaline. 10  constrictor agonist, i.e. histamine, bradykinin,  Changes
in resistance to inflation of the lungs  35     5-hydroxytryptamine  or
acetylcholine.  A   were taken to be indicative of changes in
bronchoconstrictor response to the same dose  bronchial tone and to provide
a measure of     of agonist was then obtained by the administra-
bronchodilation, the results being expressed as     tion of the agonist
15-20 seconds after com-  a  percentage  reduction  of  the  standard 15
pleting the intratracheal administration of an   bronchoconstrictor
response.                40     aerosol of the substance under test by
inhala-   Bronchial tone was measured by recording     tion. Each aerosol
was administered for 20  the overflow from the lungs inflated at constant
inflations of the lungs. The same volume of  pressure. Bronchodilation was
determined from     aerosol was administered in each instance. The  the
inhibition of agonist-induced bronchocon- 20  standard   bronchoconstrictor
response  to  striction.                                      45     the
agonist was  then  re-established  and      The results obtained in a
series of experi-     the  procedure  repeated  with  the  same  ments of
the type described in (a) above are     aerosol, with  an  aerosol
generated  from   set out in the following Table I (PGE[err] was     a
solution  containing  a  different  con-  used as free acid): - 



25 centration of the active ingredient from          7
1,191,412                                              7
[err]           1,191,412                                       8   



[err]                   1,191,412
9    [err]  



10                                    1,191,412
10                                          



[err]          12
1,191,412                           
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13      [err]          14                                       1,191,412
14       It is well-known that substantial species    5. Compositions
according to claim 2, 3 or  55     variations are to be expected in the
study of  4 in which the volatile liquid propellant is     bronchodilators
although, as previously men-  a fluorinated alkane of from  1 to 4 carbon
tioned, the guinea-pig is generally considered  atoms. 5  to provide a
reliable model for the human sub-   6. Compositions according to claim  5
in     ject. In order to confirm  that PGE[err], when  which the volatile
liquid propellant is at  60     administered orally by inhalation in an
aerosol,  least one of dichlorodifluoromethane, dichloro-     does not
produce bronchoconstriction in the  tetrafluoroethane,
trichloromonofluoromethane,     healthy human subject, aerosols generated
dichloromonofluoromethane and monochloro 10  from  pressurized packs of the
type herein-  trifluoromethane.     before described in Example 7 were
admin-    7. Compositions according to any one of 65     istered to healthy
human subjects. The subjects  claims 2 to 6 in which the pH of the liquid
received up to 2 "puffs" (each "puff" gener-  compositions is within the
range 3 to 8.     ated from 55 ul of solution) generated from a   8.
Compositions according to any one of 15  self-propelling composition
containing 0.5 mg,  claims 2 to 7 in which the prostaglandin com-     of
PGE[err]/ml. of solution, i.e. a dose of 55 ag.  pound content of the
liquid solution or sus-  70     of PGE[err], and no bronchoconstriction or
other  pension is from 0.05 to 5 mg. per millilitre of     significant
adverse side-effect could be de-  liquid medium.     tected. It should be
noted that, since the    9. Compositions according to claim  8 in 



20  bronchial smooh muscle is normally fully re-  which the prostaglandin
compound content of     laxed in healthy subjects, it was not to be  the
liquid solution or suspension is from 0.05  75     expected that
bronchodilatation would be ob-  to 0.5 mg. per millilitre of liquid medium.
served.                                         10. Aerosols and
compositions according to       WHAT WE CLAIM IS:-
any one of claims 1 to 9 in which the prosta- 25    1. Aerosols suitable
for inhalation by human  glandin in the aerosol or composition is the
subjects suffering from  bronchospasm  com-  compound of the formula
specified in claim 1  80     prising, as a bronchodilator, at least one  or
2 wherein R represents a hydrogen atom, or     prostaglandin compound of
the formula:     a non-toxic salt of said compound.
11. Aerosols and compositions according to
[err]         claim  10 in which the non-toxic salt of the
prostaglandin compound is an alkali metal, 85
ammonium or amine salt.                [err]
12. Aerosols and compositions according to                          claim
10 in which the prostaglandin in the 30  wherein R represents a hydrogen
atom  or a  aerosol or composition is the sodium or tri-     straight or
branched chain alkyl group con-  ethanolamine salt of the compound of the
90     taining from 1 to 6 carbon atoms, or, when R  formula specified in
claim 1 or 2 wherein R     represents hydrogen, a non-toxic salt thereof
represents a hydrogen atom.     in association with a
pharmaceutically-accept-    13. Aerosols and compositions according to 35
able liquid medium.                           any one of claims 1 to 9 in
which the prosta-        2. Compositions in liquid form capable of  glandin
in the aerosol or composition is the  95     producing  aerosols  for
administration  to  compound of the formula specified in claim 1     human
subjects suffering from bronchospasm   or 2 wherein R represents the methyl
group.     comprising a solution or suspension of at least    14.
Compositions according to claim 2 sub- 40  one prostaglandin compoud of the
formula:    stantially as hereinbefore described.
15. Compositions according to claim 2 sub- 100
[err]             stantially as described in any one of Examples
I to 6.                                                      16.
Pressurized packs provided with a valve                 [err]
permitting emission of an aerosol containing a                 OH
solution or dispersion of at least one prosta- 105     wherein R represents
a hydrogen atom or a  glandin compound of the formula:     straight or
branched chain alkyl group con-     taining from 1 to 6 carbon atoms, or,
when R                           [err] 45  represents hydrogen, a non-toxic
salt thereof,     in a pharmaceutically-acceptable liquid med-     ium and
in association with a volatile liquid       [err]     propellant.
[err]        3. Compositions according to claim  2 in  wherein R represents
a hydrogen atom or a 50  which the pharmaceutically-acceptable liquid
straight or branched alkyl group containing     medium is water, an
aliphatic alcohol or an  from 1 to 6 carbon atoms, or, when R repre- 110
aqueous aliphatic alcohol.                    sents hydrogen, a non-toxic
salt thereof, in a        4. Compositions according to claim  3 in
pharmaceutically-acceptable  liquid  medium     which the aliphatic alcohol
is ethanol.    under a gaseous pressure capable of converting     
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bronchodilatation would be ob-  to 0.5 mg. per millilitre of liquid medium.
served.                                        10. Aerosols and
compositions according to       WHAT WE CLAIM IS:-
any one of claims 1 to 9 in which the prosta- 25    1. Aerosols suitable
for inhalation by human  glandin in the aerosol or composition is the
subjects suffering from  bronchospasm  com-  compound of the formula
specified in claim 1  80     prising, as a bronchodilator, at least one  or
2 wherein R represents a hydrogen atom, or     prostaglandin compound of
the formula:    a non-toxic salt of said compound.
11. Aerosols and compositions according to
[err]         claim 10 in which the non-toxic salt of the
prostaglandin compound is an alkali metal, 85
ammonium or amine salt.                12. Aerosols and compositions
according to                         claim  10 in which the prostaglandin
in the 30  wherein R represents a hydrogen atom or a  aerosol or
composition is the sodium or tri-     straight or branched chain alkyl
group con-  ethanolamine salt of the compound of the  90     taining from 1
to 6 carbon atoms, or, when R   formula specified in claim 1 or 2 wherein R
represents hydrogen, a non-toxic salt thereof  represents a hydrogen atom.
in association with a pharmaceutically-accept-    13. Aerosols and
compositions according to 35  able liquid medium.
any one of claims 1 to 9 in which the prosta- 



2. Compositions in liquid form capable of  glandin in the aerosol or
composition is the  95     producing  aerosols  for administration  to
compound of the formula specified in claim 1     human subjects suffering
from bronchospasm   or 2 wherein R represents the methyl group.
comprising a solution or suspension of at least    14. Compositions
according to claim 2 sub- 40  one prostaglandin compoud of the formula:
stantially as hereinbefore described.
15. Compositions according to claim 2 sub- 100
stantially as described in any one of Examples
1 to 6.                                                     16. Pressurized
packs provided with a valve                   permitting emission of an
aerosol containing a                 solution or dispersion of at least one
prosta- 105      wherein R represents a hydrogen atom or a  glandin
compound of the formula:      straight or branched chain alkyl group con-
taining from I to 6 carbon atoms, or, when R                        [err]
45  represents hydrogen, a non-toxic salt thereof,      in a
pharmaceutically-acceptable liquid med-      ium and in association with a
volatile liquid        [err]     [err]      propellant.        3.
Compositions according to claim  2 in  wherein R represents a hydrogen atom
or a 50  which the pharmaceutically-acceptable liquid  straight or branched
alkyl group containing      medium is water, an aliphatic alcohol or an
from 1 to 6 carbon atoms, or, when R repre- 110      aqueous aliphatic
alcohol.                   sents hydrogen, a non-toxic salt thereof, in a
4. Compositions according to claim  3 in  pharmaceutically-acceptable
liquid  medium      which the aliphatic alcohol is ethanol.    under a
gaseous pressure capable of converting        15
1,191,412                                           15     the
prostaglandin solution or dispersion in the  liquid form as claimed in any
one of claims    container into an aerosol on release through the  2 to 15.
valve.                                                     J. A. KEMP &
CO.,       17. Pressurized packs according to claim 16            Chartered
Patent Agents, 5  which contain a prostaglandin composition in
14, South Square,
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