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This invention relates to pharmaceutical preparations.
More. particularly, this invention relates to imjectable
therapeutic compositions containing penicillin which will
prolong the therapeutic blood levels of penicillin, and
to a process for the preparation of these compositions.

In the past, a common method for the administration
of penicillin involved the introduction of penicillin in
physiologic saline or water through the intramuscular
route. This method was highly unsatisfactory in that
the penicillin had a tendency to decompose or was rapid-
ly absorbed in the body fluids and then eliminated in the
urine. ~ As a result, high levels of pencillin endured in
the blood for only brief periods of time. To effect a
high blood level of penicillin, it was necessary to give
frequent injections of the antibiotic. In view of the
fact that satisfactory results in the therapeutic use of
penicillin are secured only when effective blood levels
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18 carbon atoms, alkoxyalkyl alcohols possessing from
6 to 18 carbons and aryloxyalkyl alcohols.

‘This depot or repository composition, when parenter-
ally injected, is capable of holding any desired dose of
the therapeutically active substance, releasing it in the
blood stream only gradually over an extended period of
time so that large doses may be easily and conveniently
administered by this method.

The preparation is characterized by a low. viscosity at
room temperature being highly fluid in nature and thus

" can be very easily injected parenterally by means of a
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are maintained over a prolonged period of time, i. e. _

several days, the inconvenience and obvious disadvan-
tages of this method precluded its widespread acceptance
and use. Further disadvantages included the poor sta-
bility of penicillin in physiologic saline and also the loss
in poténcy of the antiobiotic material in this medium,
particularly at elevated temperatures,

Numerous attempts have been made to overcome the
disadvantages of the foregoing method, but none of
them has been highly satisfactory. For example, the
advantages of prolonged therapeutic blood levels of peni-
cillin following a single injection has been established
by the use of a composition containing penicillin in sus-
pension in a mixture of oil and beeswax (Romansky U.
S. 2,443,778). However, the inclusion of wax in . this
vehicle was found to be disagreeable to the patient and
was proved tobe the apparent cause of a number of
unfavorable local reactions such as sensitization of the
patient together with the resulting allergic reactions.
Numerous cases of fibrosis were likewise reported. Fur-
ther, the residual beeswax was dissolved with great diffi-
culty, requiring some 25 to 30 days for complete assimi-
lation, and in extreme cases, necessitating removal by
surgery.

Another injectable preparation, disclosed in U. S.
2,518,510, comprising a suspension of finely divided
penicillin particles containing peanut oil having a hy-
drophilic. substance such as. pectin. dispersed -therein, is
considered to obviate some of the disadvantages. of the
Romansky formulation discussed supra but has likewise
failed to provide the desired repository effect.

It has now been discovered that effective therapeutic
blood levels of penicillin can be obtained for prolonged
periods of time by the administration of an injectable
substantially anhydrous repository penicillin  composi-
tion comprising a therapeutically effective salt of penicil-
lindistributed in 4" vehicle composed of an innocuous,
non-toxic oil and an aluminum salt of a phosphoric ester
of ‘an alcohol, said alcohol being selected from the group
consisting -of alkyl or arylalkyl alcohols possessing 6 to
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hypodermic needle. By limiting the particle size of the
peniciilin to a pre-determined range, the antibiotic re-
mains in suspension and does not settle out. Injections
of the aforedescribed composition containing 75,000
units of penicillin in animals have provided blood levels
in excess of 0.03 unit per cc. of blood for periods of
time in excess of 96 hours.

This preparation is further characterized by its ex-
cellent stability as it has been held at a temperature of
56° C. for a period of 2 months without any appreciable
loss in potency or any physical change in appearance.

The formulation is prepared by heating a mixture con-
taining an aluminum salt of a phosphoric ester together
with an innocuous, non-toxic oil such as for example
sesame oil, at a temperature of about 125° C. until the
white color disappears and the mixture becomes some-
what translucent. The product is cooled and to it is
added, a therapeutically active salt of - penicillin. This
is followed by ball milling the mixture for about sixteen
hours and the desired product in its final form is poured
into a suitable container or receptacle.

The aluminum salts utilizable in the present invention
can be represented by the following formula:

00 _
R—O-IT’/ \AIOH
¢

wherein R is a member selected from the group consist-
ing of an alkyl radical containing from 6 to 18 carbon
atoms, an arylalkyl radical, an alkyloxyalkyl radical con-
taining from 6 to 18 carbon atoms and an aryloxyalkyl
radical. Specific compounds which are included within
the purview of this invention include aluminum octadec-
ylphosphate, aluminum cetylphosphate, aluminum hexyl-
phosphate, aluminum 2-ethylhexylphosphate, aluminum
laurylphosphate, aluminum decyl-phosphate, ‘aluminum
8 - phenoxyethylphosphate, aluminum v - phenylpropyl-
phosphate, - aluminum butyloxyethyl phosphate, alumi-
num ethoxybutyl phosphate, aluminum phenethyl phos-
phate, etc. . : )

In addition to the sesame oil which is used in the prep-
aration of the formulation, it has been found in prac-
tice that other injectable oils such as cottonseed, maize,
peanut, olive, etc., may be similarly employed with high-
ly satisfactory results. The oil that is used in the for-
mulation must be highly refined and contain a minimum
amount of readily oxidizable material and moisture, the
latter in amounts not exceeding 0.05%. Before com-
pounding, the oil must be sterilized, sterilization being
effected using any one of the well known conventional
methods,

The injectable formulation contains the penicillin salt
in a finely divided state in which the particle size of the
salt is of mixed sizes but wherein substantially all of
the particles of penicillin are between 1 to 200 microns
in size and preferably, less than 50 microns in size. .

The penicillin embodied in the preparation may be a
mixture of one or more of these specific penicillins such
as are commornly obtained in the production of penicil-
lin G, K, or any of the other known penicillins, or it
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may-bé a penicillin' which-corisists mainly or wholly of

orie..of. .these..specific..penicillins.- - It-is -preferable,-how-.
ever, to use a penicillin which is rich in penicillin G,

primarily because of the excellent therapeutic qualities

ofsthis specifiésalt.: The-penicillin-used may be either in*
the form of amerphous penicillinor: preferably” in the -
form-of-a crystalline-penicillin.- -

Thi§ prepiration wiffers markedly- frorm -that disclosed -
in=U. 8. 2,507,193 wherein penicillin is:suspended ‘in an’
oiltthat his: béet ‘gelled with alumintm ‘stearate;in that' 10
thésaluminum phosphate salt used in-this invention does
not “dissolve” in the oil to produce ‘a :gel-but-instead,
theé: oil-dissolves: in “thé:aluminum-salt. forming- an -in-
soluble_gel-like-material-that-apparently coats§ ‘the. penicil<: -
lin particlésit Likewise;: this> new>and ‘highly improved 15
preparation is:distinguishable: from that disclosed in U, S.:
2,518,510 -in>that:‘the ‘protective gel is not: hydrophilic
in-nature,” Since the:gel-is insoluble in the oil, it-coats
tHe. particles: in:-the: oil so:that-when the preparation is -
brought into contact.with the aquecus body fluids, a slow 20
penetration :of “the: penicillin-salt-is effected ‘through: this-*
insoluble coating.

Additional iadvantages:-andfedtures -of  this:'new -and
highly: improved preparation.are set: forth in .the follow-
ing example which' discloses the principle.of the invention 25
and the preferred embodiment -of ;applying that principle.
1t-isunderstood,. however, that the example is. merely
illustrative and not-limitative ‘in :nature, being 'capable.:
of various other-modifications:-

EXAMPLE "

The preparation of a typical gelling agent such .as for -
example aluminum . cetylphosphate -is illustrated as ‘fol:
lows:-

To-a-solution of-24 grams of cetyl:alcohol in 20 cc.
of benzene chilled -in. an-ice bath was added 10 cc. of
phosphorus -oxychloride.: The resulting -solution was al-
lowed to stand until the -evolution of fumes of hydrogen
chloride almost ceased and then the solution was heated
to 70° C. for a few minutes. After cooling, the solu- 40
tion was poured onto 200 grams “of ice, and a 5%
solution of sodium hydroxide was added from time to
time to keep the pH between 3.0 and 8.0 while hydrolysis
occtitied. - Thé final $olution was.adjusted to a pH of 6.8
arid then héated to expel-thé bénzene. This hot solution. 45
was ‘added with stirring to a hot solution of 45 grams -
of ‘patassium aluminum sulfate’ (or 32 grams of altmi-
numsulfite hydrate), afd boiled for ten mimites while .
the "pH. ‘wds adjustéd to 5.0 to 6.0. The .mixture was.
then filteted, washed with water and then dried in air. 50

One-tenth 'miol. ‘quantitiés: of “alcohols such. as .octa-
decy?; lauryl, decyl, octyl; etc. can likéwise be treated in
the ‘sarne fastiion to secure carresponding aluminum salts.

THe “produicts” aré whité,’ infusable powders that burn
onighition 1o a veluminous white ash. 55

The alkylphosphoryl chloride can be prepared within
teifiperatiites” rariging from 0°260° C.; but preferably be-
tween25°-30° C.” The hydrolysis'is preferably effected
at a-‘tefhperature ranging bétween 20°-30° C., but tem-
pératures between 0°~90° C. likewise provide satisfactory 60
results:* The formation of the alumiruny salt is preferably
accomplished at'a temperaturé ranging betweerl 80°290°
C but can proceed satisfactorily ‘at roomtempeératures
oreveii af*temperatures slightly below.” Any 3oluble alu-’
minyit salt or dotble salts such "as”alums, may likewise. 65
bé-used;: The volume ‘of solvents used is not criticdl.’

FORMULATION

One-gram quantities=of-an aluminam “salt, such as
forexample; aluminum ‘cetyl phosphate prepared in the'y
mannerindicated above were heated in50 cc. of sesame
oil ata stethperatiire *of+125% 'C" for-about *15 ‘minutes™
unglthe “white :color "disappeared -ard ‘the srterial be-
cdme soriewhatfranslticent.” THe mixture was allowed to”
cool To"22.5 “grams+of “this “mixture ‘was "added 710775
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4"
grams of procaine penicillin. The mixture was then ball
milled for. sixteen hours and. then filled.in.vials.....

It should be mentioned that the heating températures’
of the mixture containing the oil and aluminum phos-
phate salt are limited only by the cracking point of the
various oils used.

The quantity of aluminum salt'is preferably about 8%
by weight: of: voluitievof. he -oil fused,satisfactory tesuts’s
having -likewise -been:-obfained’ wheén quantities ranging
from 1 to-15% were -used. An.intramuscular.-injection.
of.0.25 cc.-of thé formulation .prepared abdve containing *
75,000 ‘units 'of penicillin produced--a -maximum blood
level of 0.09 unit per cc. of blood 96 hours after in-
jection.

The following table shows an average of the anmimals
indicating penicillim. bloed levels-.0f-.0.03 unit per cc.
or above at the indicated hour after an intramuscular in-
jection of 0.25 cc. of a formulation containing varying
amounts -of ‘aluminumsalt”and 75,000 ‘units-of péni-
cillin,: Consequént blood-samples were taken at: the in= -
tervals--indicated:” Bloodlevels- were ~determinéd “byra =
-mictobiological - plate’: assay ‘method--using-S. luted.~ A
control was-also drawn before injection:

Rabbit penicillin’ blood.- levels’

Formulation - Injec-] ° Stgnificant Blood Levels at— -

tion Containing e .

75,000 units of Pro-| - B

caine Peniciilin. G 1| 24.Hours.| 48Hours ;| 72 Hours®| 96-Hours
29%,. Al.:Octadeeyl- . :

phospliate in ‘Ses-~ ;

ame Ofz:.__c.....C *3/3(1.11) ¢ 2/3(0.50)- 2/3(0.12).1 : 0/3.
2% . Al « Cetylphos- s H

pbate “in  Sesame- ’ :

Ofle iveemncnersnna} o 5/5(0.:68) ¢ 3/6(0.08) | - 3/5(0.08) 0/8:"

. -Cetylphos- | -
te-“in"'Sesame | ! i )

(o)1 DT, - 5/5(0.67) | ; 5/5(0:23):| @ 2/5(0.07) ;.- O/8:
8% Al. Cetylphos~ . ;

phate ~in**-Sesame ! : !

Ol - ooy oecemniess| o 5/5(0:58).) - 5/5(0.14)¢f [ 4/5(0.11) | o 3/8(0:08) 2
2% Al Laurylphos- i

phate n'**Sesamef - . -

Oil < __uerocomozaead 2 3/3(LO7)-| ; 3/3(0.26) : 1/3(0:35Y ) . 1/3(0.03)
2% Al " Decylphos- ’ .

phatein iSesaime | : 3

[0) 1 MR, 3/3(0.20) | . 3/3(0.30) 1 ; 2/3(0.10) | : 1/3(0:08)-
29, Al Octylphos- : -

phatein-"Sesame | : ! ’

Oil.... ., 3/3(1.42) | 3/3(0.26) 3/3(0.14)-] ; 1/3(0.06)::
29,7 Al" "Hexylphos- ) i i

phate .ini:Sesathe | - ) : :

Oileocooesnanact o 3/3(0.80) | . 3/3(0.2) -} 1/3(0.07)-} . 0/3 -
29, Al2-Ethylheiyl- | ~ : ‘ !

phosphate’in:Sesa-1 : . . :

me s 3/3(0.50) 3/3(0.41).] | 3/3(0.15).] . 2/3(0:04):,
% Al B i : :

ethylphosphate: in!| H H

Sesame Ofl......... . 3/3(0.55) 1| . 3/3(0.44) 3/3(0.37): 3/3(0.08) -
29 “Al’ y-Phenylpro--| * k

pylphosphate-+ infj « [ H

Sesame Ofl .....--.- 3/3¢1.23) | | 3/3(0.39) | . 3/3(0.21) |, 1/3(0.04) ..
Sesame> Qil¢f alone ' * . : N

(Control)oczoemuazaf-; 2/4(0.33)H  0/4 : Ofder L0/

* Numerator.indicates the number: of animals showing levels; denomv~
inator ihdidates riumiber.of animals injectéd: X

The foregoing Tesults indicate that the actiot ‘of pemi-

_ cillin may 'be greatly. prolonged-by ‘the: intramuscular in--

jection of a mixture containing a therapeutic penicillin=

salt, an al¥minumi:salt and-an ingocuous: non-toxic-oil:
The-preparations herein:described-are effective against::

many gram.positive organisms;:both-aerobic:and anaero-+

~ big; .as.iwell - asw:agdinstt: gonococcis and i méningdcoect:

Likéwise,-. pneumococcic: - infections Lare * similarly  sug:-
ceptible.:. The *injectionr of-these. preparations “is.>chdra-
acterized by only: slight-pain and discomfort:togethér with™.
the: absence: of soreness ‘at:the point. of injection:

Whilé- the -present-invention :has .been “described cwithit
particular .reference -to-.the. .use :of ;crystalsi:of procaiues

0 penicillin,;“it is. understood-that other:commercially avail:-

cium-and-aminesalts:i.: €< triethylamine;s insCey L%,
and ‘amorphos.form. can.likewise :be used:». By thefres-
duction ‘of crystallinie ‘particles tosless ithanrabout. 200
microns and preferably less than.about 50-microns;:pros-

able -salts of: penicillinsuch:as sodium; . potassiam;: calis
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longed blood levels are obtained when the salts are dis-
persed in a vehicle composed of an aluminum salt and
oil.

It should likewise be mentioned that therapeuiic salts
of penicillin of any desired potency may be employed.
However, to produce satisfactory penicillin blood levels
for extended periods of time, it is preferred to use highly
potent products. Compositions of penicillin salts in the
vehicle composed of an aluminum salt and oil can be pre-
pared containing less than or more than 300,000 units of
penicillin.

It is understood that the data and example herein given
are intended to be exemplary only in character, the inven-
tion being directed essentially to the incorporation of an
available penicillin salt in a vehicle comprising the non-
toxic innccuous oil and aluminum salt disclosed herein.

It will be apparent, therefore, that the invention is
capable of being employed with varying constituents such
as for example, different salts of penicillin, different aln-
minum phosphate salts and different oil vehicles. It is
obvious from the foregoing that the invention is capable
of various modifications and that, therefore, it is intended
and desired to embrace within the scope of this invention
such modifications and changes that are necessary to adapt
it to varying conditions and uses, as defined by the scope
of the appended claims.

I claim:

1. An injectable antibiotic preparation capable of main-
taining effective therapeutic blood levels over an extended
period of time which comprises a therapeutic salt of
penicillin, an innocuous non-toxic oil, and a gel of an
innocuous non-toxic oil and a quantity of an aluminum
salt ranging from 1 to 15% by weight of the total volume
of said oil, said aluminum salt being represented by the
following formula:

0o 0

R-—O—II'/ \AIOH

[¢]

wherein R is a member selected from the class consisting
of an alkyl group contajning from 6 to 18 carbon atoms,
an arylalkyl group containing from 6 to 18 carbon atoms,
an alkyloxyalkyl group containing from 6 to 18 carbon
atoms and an aryloxyalkyl radical containing from 6 to 18
carbon atoms, the gel being insoluble in the first mentioned
innocuous non-toxic oil.

2. An injectable antibiotic preparation capable of main-
taining effective therapeutic blood levels over an extended
period of time which comprises procaine penicillin, an
innocuous non-toxic oil, and a gel of an innocuous non-
toxic oil and aluminum octadecylphosphate.

6

3. An injectable antibiotic preparation capable of main-
taining effective therapeutic blood levels over an extended
period of time which comprises procaine penicillin, an
innocuous non-toxic oil, and a-gel of an innocuous non-

5 toxic oil and aluminum laurylphosphate..

4. An injectable antibiotic preparation capable of main-
taining effective therapeutic blood levels over an extended
period of time which comprises procaine penicillin, an
innocuous non-toxic oil, and a gel of an innocuous non-

10 toxic oil and aluminum decylphosphate.

5. An injectable antibiotic preparation capable of main-
taining effective therapeutic blood levels over an extended
period of time which comprises procaine penicillin, an
innocuous non-toxic oil, and a gel of an innocuous non-

15 toxic oil and aluminum octylphosphate.

6. An injectable antibiotic preparation capable of main-
tajning effective therapeutic blood levels over an extended
period of time which comprises procaine penicillin, an
innccuous non-toxic oil, and a gel of an innocuous non-

20 toxic oil and an aluminum salt represented by the follow-
ing formula:

R——O—lTD/ \AIOH
25 ) 0
wherein R is a member selected from the class consisting
of an alkyl group containing from 6 to 18 carbon atoms,
an arylalkyl group containing from 6 to 18 carbon atoms,
an alkyloxyalkyl group containing from 6 to 18 carbon
30 atoms and an aryloxyalkyl radical containing from 6
to 18 carbon atoms, the gel being insoluble in the first
mentioned innocuous non-toxic oil.
7. An injectable antibiotic preparation capable of main-
taining effective therapeutic blood levels over an extended
35 period of time which comprises an innocuous non-toxic oil
having dispersed therein particles of a therapeutic salt of
penicillin G coated with a gel of innocuous non-toxic oil
and aluminum cetylphosphate, the amount of aluminum
cetylphosphate present in the gel ranging from 1% to 15%
40 by weight of the total amount of non-toxic oil present in
the preparation.
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