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PERFLUOROHYDROCARBONS AS VEHICLES FOR ADMINISTERING DRUGS
This invention relates to compositions for
administration of drugs, and, more particularly, this
invention relates to compositions containing
perfluorohydrocarbon vehicles for drugs for ocular or

dermatological application.
Many therapeutic drugs have the disadvantage of

being relatively unstable in an aqueous medium.

Examples of this category of drugs include
cephaloridine, cefamandole, cefamandole nafate,

_ cefazolin, cefoxitin, cephacetrile sodium, cephalexin,

cefoperazone sodium, cephaloglycin, cephalosporin C,
cephalothin, nafcillin sodium, cephamycins, cephapirin
sodium, cephradine, penicillin BT, penicillin N,
penicillin O, phenethicillin potassium, pivampicillin,
amoxicillin, ampicillin, thienamycin, moxalactam, and
cefatoxin. '

Many therapeutic drugs are relatively
water-insoluble. Examples of this category of drugs
include vidarabine, prednisolone, prednisolone acetate,
hydrocortisone, hydrocortisone acetate, hydrocortisone
valerate, fluorometholone, fluocinolone acetonide,
triamcinolone acetonide, dexamethasone, dexamethasone
acetate, indomethacin, ibuprofen, and oxyphenbutazone.

Typically, oils or ointments have been used as
vehicles for therapeutic drugs which are not stable in
an agueous medium or are relatively insoluble in an
aqueous medium. These vehicles often are'messy, leave a
greasy afterfeel, and are particularly undesirable from
a patient's perspective for topical application to the
eye. Further, because of théir nature, oils and
ointments do not readily provide a metered dose to the

A need exists;'thefefore, for an improved
vehicle for the topical ocular or dermatologicalA
application of therapeutic drugs which are
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water-unstable, or relatively insoluble in an aqueous
medium. '

It has been found that perfluorohydrocarbons
serve as ideal inert, nontoxic vehicles to provide a
metered dose of ocular or dermatological drugs. The
perfluorohydrocarbon vehicle is an ideal vehicle to
provide a metered dose of ocular or dermatological drugs
which are unstable in an aqueous medium.

The perfluorohydrocarbons useful as vehicles
are perfluorocycloalkanes, perfluoroalkanes, and
perfluorotrialkylamines such as perfluorotripropylamine,
perfluorotributylamine, perfluorotripentylamine, and
mixtures thereof having a vapor pressure about 1 to
about 16 mm Hg. Although the perfluorohydrocarbon may
be in the form of an agqueous microemulsion, in the
preferred form of the invention, the perfluorohydro-
carbon ﬁay form the entire vehicle. Specific examples
of perfluorohydrocarbons include perfluorodecalin,

ClOF18 which has a vapor pressure of 12.7 mm Hg at
37°C., perfluorotributylamine, -
N(CFZCF2CF2CF3)3 which has a vapor pressure of

1.14 mm Hg at 37°C.; perfluoromethyldecalin which has a
vapor pfessure of 4.8 mm Hg at 37°C.;
perfluorocyclohexyldiethylamine which has a vapor
pressure of 8.7 mm Hg at 37°C.; perfluoroisopentylpyran
which has a vapor pressure of 9.9 mm Hg at 37°C.;
perfluorodibutylmethylamine which has a vapor pressure
of 16.0 mm Hg at 37°C.; and perfluorobutyltetra-
hydrofuran. These compounds are known for their use in
blood substitutes, are nontoxic, are approved for human

systemic use in various countries including the United

‘States, generally are transparent and colorless and

leave no stains, are relatively inert, and are easily
prepared from commercially available chemicals, or are

commercially available.
The inert nature and the vapor pressure of the

%
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fluorohydrocarbons of the invention are an important
aspect of the invention. The inert nature of
perfluorohydrocarbons permits them to be used by the
patient with little or no toxic danger. The vapor
pressure of the perfluorohydrocarbons of the invention
permits the perfluorohydrocarbon vehicle to vaporize to
provide a metered dose of a therapeutic drug, yet in
ocular use not cause discomfort to the eye as would be
the case with an ointment or cream. Further, the vapor
pressure of the perfluorohydrocarbons of the invention
do not create messy conditions with nonagueous ocular or
dermatological use which are normally associated with
drugs used with nonagueous vehicles.

The perfluorohydrocarbons of the invention may
pe used as a vehicle for therapeutic drugs which are not
stable or soluble in water. Where therapeutic drugs are
not compatible with aéueous vehicles, the drugs may be
suspended or emulsified in the perfluorohydrocarbons of
the invention. Vaporization of the
perfluorohydrocarbons meters the dosage of the
therapeutic drug suspended in the

perfluorohydrocarbons.
 phe effective amount of perfluorohydrocarbons

used in the invention will depend upon whether the use

is ocular or dermatological, the metered dose desired,

and the selection as well as strength of the drug to be
applied. Generally, an effective amount of

_perfluorohydrocarbons is provided for ocular use when

the ophthalmic composition contains between about 98
percent and about 99.99 percent by weight
perfluorohydrocarboné. For dermatological use,
generally an effective amount of perfluorohydrocarbons
is provided when the composition contains between about
97 percent and about 99.99 percent by weight

perfluorohydrocarbons. .
The following examples typify the manner by
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which the present invention can be practiced. The
examples should be construed as illustrative, and not as
a limitation upon the overall scope of the invention.
Example I
5 Sodium cefamandole powder (1.0g supplied by Eli
Lilly Co.) is added to perfluorotributylamine (200cc
supplied by Pfaltz and Bauer), is manually or
mechanically shaken and a uniform 0.5 percent w/v
.suspension results. On standing, the sodium cefamandole
10 will float to the top of the vehicle; however manual
shaking will readily resuspend the sodium cefamandole
antibiotic uniformly.
Example II
Indomethacin powder (1.0g) is added to
15 perfluorotributylamine (200cc supplied by Pfaltz and
Bauer) and is manually shaken to yield a uniform 0.5
percent w/v suspension. On standing,‘the indomethacin
wiil float to the top of the vehicle; howevef, manual
shaking will readily resuspend the indomethacin '
20 antiinflammatory agent uniformly.
In Vitro BEvaluation Of Stability
Sodium cefamandole is stable only for hours at
room temperature in agueous solution. 'In the
perfluorotributylamine vehicle at room temperature,
"25 however, sodium cefamandole was found to be chemically
) stable for five months. Further, after the five months
the sodium cefamandole lost no antibacterial activity
when evaluated in standard microbiological in vitro

) assays. R
30 In Vivo Evaluation Of Formulation
In a study involving eight groups of six albino
rabbits (12 eyes per group), sodium cefamandole as
formulated in Example I of the invention was found to be
as effective as freshly prepared 0.5 percent w/v aqueous
35 sodium cefamandol in eradicating ocular infection and
rmore effective than 0.5% w/v chloramphenicol ophthalmic

a
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solution, U.S.P., which is a commerically recognized
ocular drug product. '

The study was conducted as follows:

a) Twenty-four albino rabbits were 1noculated
in their corneas (48 eyes) with Staphylococcus aureus.
At random, six of these inoculated rabbits became

treatment Group A, six became treatment Group B, six
became treatment Group C, and six became the untreated

control Group D.
b) Twenty-four albino rabbits were inoculated

in their corneas (48 eyes) with Streptococcus pneumoniae

(formerly Diplococcus pneumoniae). At random, six of
these inoculated rabbits became treatment Group E, six
became treatment Group F, six became treatment Group G,

and six untreated became the control Group H.
Groups A and E were treated with an Example I

formulation (0.5% w/v) of the sodium cefamandole in

perfluorotributylamine. Groups B and F were treated
with freshly prepared (0.5% w/v) aqueous sodium
cefamandole. Groups C and G were treated with a
solution of (0.5% w/V) chloramphenicol ophthalmic
solution, U.S.P.

The study was conducted as follows:

Group A was treated with one drop (100 ul) of
0.5% w/v sodium cefamandole in perfluorotributylamine
one hour post inoculation and then once an hour
thereafter for a total of nine doses. Then the eyes
were graded for signs of infection 24 hours thereafter.
At that time the eyes were examined with a slit lamp
microscope. All eyes were found without signs of
infection and all eyes (12) were found to be normal.

Group B was treated with one drop (100 ul) of
freshly prepared 0.5% w/v agueous sodium cefamandole one
hour post inoculation and then once an hour thereafter
for a total of nine doses. The ocular observations were
as that stated for Group A. All eyes were found without
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signs of infection at 24 hours. All eyes (l2) were ’ .
found to be normal. :

Group C was treated with drops (100 ul each) of
0.5% w/v chloramphenicol ophthalmic solution, U.S.P., as
in the protocol of Groups A and B. In this case, the
eyes showed signs of infection particularly at 24
hours. Eleven of twelve eyes showed signs of
infection.

Group D was untreated and all eyes (12) showed
signs of infection at 24 hours.

Group E was treated with one drop (100 ul) of
0.5% w/v sodium cefamandole in perfluorotributylamine
one hour post inoculation and then once an hour
thereafter for a total of nine doses. Then the eyes
were graded for signs of infection at 24, 48 and 72
hours with gross and slit lamp microscopic observation.
Most eyes (11/12) were found without signs of infection
and normal at 72 hours. '

Group F was treated with drops (100 ul each) of
0.5% w/v of sodium cefamandole as in the protocol of
Group E. As in the case of Group E most eyes (10/12)
were found to be without infection and normal at 72
hours.

Group G was treated with drops (100 ul each) of
0.5% chloramphenicol ophthalmic solution, U.S.P., as in
the protocol of Group E. In this case, most eyes
(10/12) at 72 hours showed signs of infection.

Group H was untreated and all eyes (12) showed
signs of infection at 72 hours. ) : .

The conclusion’is that sodium cefamandole in
trifluorotributylamine is as effective as soluble sodium 5
cefamandole in aqueous vehicle except that the '
cefamandole is stable for substantially longer periods
than water-solubilized sodium cefamandole. In the
perfluorotributylamine, the B-lactam ring of cefamandole
is not subject to either acid-catalyzed or base-promoted

hydrolysis because water is not present to react.




WO 83/03544 i PCT/US83/00484

-7- ,
In Vivo Ocular Tolerance Of The
Perfluorotributylamine Vehicle
In one day, multiple (12) topical ocular dose
(50 ul drops) regiments of neat perfluorotributylamine
5 vehicle were applied to albino rabbit eyes. There were

no detectable untoward ocular side-effects.
It should be understood that while certain
preferred embodiments of the present invention have been
illustrated and described, #arious modifications thereof
10 will become apparent to those skilled in the art.
Accordingly, the scope of the present invention should
be defined by the appénded Claims and equivalents
thereof. |
Various features are set forth in the following .

15 claims.
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WHAT IS CLAIMED IS:

1. A composition for use in pharmaceutics
comprising:

a perfluorohydrocarbon vehicle having a vapor
pressure at 37°C. from about 1 to about 16 mm Hg.; and

a therapeutic drug.

2. A composition for topically administering
therapeutic drugs comprising:

a perfluorohydrocarbon vehicle having a vapor
pressure at 37°C. of from about l.to about 16 mm Hg.:;
and a therapeutic drug.

3. A composition as recited in Claims 1 or 2
wherein said perfluorohydrocarbon vehicle comprises a
perfluoroalkane.

4. A composition as recited in Claims 1 or 2
wherein said perfluorohydrocarbon vehicle comprises a
perfluorocycloalkane. )

5. A composition as recited in Claiﬁs lor 2
wherein said perfluorchydrocarbon vehicle comprises a
perfluorotrialkylamine having from 9 to 15 carbon
atoms.

6. . A composition as recited in Claims 1 or 2
wherein perfluorohydrocarbon vehicle comprises
perfluorodecalin.

7. A composition as recited in Claims 1 or 2
wherein said perfluorohydrocarbon vehicle comprises
perfluorotributylamine.

8. A composition as recited in Claims 1 or 2
wherein perfluorohydrocarbon vehicle comprises
perfluoromethyldecalin.

9. A composition as recited in Claims 1 or 2
wherein said perfluorohydrocarbon vehicle comprises
perfluorocyclohexyldiethylamine.

10. A composition are recited in Claims 1 or 2
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wherein said perfluorohydrocarbon vehicle is

perfluoroisopentylpyran.
11. A composition as recited in Claims 1 or 2

wherein said perfluorohydrocarbon vehicle comprises

perfluorodibutylmethylamine.

12. A composition as recited in Claims 1 or 2
wherein perfluorohydrocarbon vehicle comprises
perfluorobutyltetrahydrofuran.

13. A method of applying therapeutic drugs
comprising administering a composition comprising an
effective amount of a therapeutic drug; and a

perfluorohydrocarbon vehicle having a vapor pressure at

37°C. from about 1 to about 16 mm Hg.
14. A method as recited in Claim 13 wherein

said perfluorohydrocarbon vehicle comprises a

perfluoroglkane.
15. A method as recited in Claim 13 wherein

said perfluorohydrocarbon vehicle comprises

perfluorocycloalkane.
16. A method as recited in Claim 13 wherein

said perfluorohydrocarbon vehicle comprises a
perfluorotrialkylamine having from 9 to 15 carbon atoms.

17. A method as recited in Claim 13 wherein
said perfluorohydrocarbon vehicle comprises

perfluorodecalin.
18. A method as recited in Claim 13 wherein

said perfluorohydrocarbdn vehicle comprises

perfluorotributylamine.
19. A method as recited in Claim 13 wherein

said perfluorochyrocarbon vehicle comprises

perfluoromethyldecalin.
20. A method as recited in Claim 13 wherein

said perfluorohydrocarbon vehicle comprises

perfluorocyclohexyldiethylamine.
21. A method as reicted in Claim 13 wherein

said perfluorohydrocarbon vehicle comprises
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perfluoroisopentylpyran.

- 22. A method as recited
said perfluorohydrocarbon vehicle
perfluorodibutylmethylamine.

5 23. A method as recited
said perfluorohydrocarbon vehicle

perfluorobutyltetrahydrofuran.

PCT/US83/00484

in Claim 13 wherein

comprises

in Claim 13 wherein
comprises
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