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USE OF CANNABIDIOL PRODRUGS IN 
TOPICAL AND TRANSDERMAL 

ADMINISTRATION WITH MICRONEEDLES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 61/238,524, ?led on Aug. 31, 2009, 
Which is hereby incorporated by reference in its entirety to the 
extent permitted by laW. 

FIELD 

[0002] Described herein are microneedle drug delivery sys 
tems comprising: a pharmaceutical composition comprising 
pharmaceutically active agents (e.g., cannabinoids, such as 
cannabidiol or prodrugs of cannabidiol) and microneedle 
arrays suitable for local and systemic delivery to a mammal, 
including systemic transdermal delivery and topical delivery. 
Also described herein are methods of using a microneedle 
transdermal or topical drug delivery system comprising a 
pharmaceutical composition, comprising a cannabinoid 
(such as cannabidiol or prodrugs of cannabidiol), and a 
microneedle array in the treatment of a disease responsive to 
cannabinoid therapy 

BACKGROUND 

[0003] It has noW been found that a pharmaceutical com 
position comprising a cannabinoid, such as cannabidiol, or a 
cannabinoid prodrug, such as a cannabidiol prodrug, can be 
transdermally administered to a mammal in conjunction With 
a microneedle array to treat a medical condition responsive to 
cannabinoids, such as alcohol use disorders, pain, in?amma 
tion and pancreatic diseases, such as pancreatic cancer and 
pancreatitis, via transdermal or topical drug delivery systems. 
It has further been found that microneedle transdermal or 
topical drug delivery systems comprising a pharmaceutical 
composition, comprising a cannabinoid or cannabinoid pro 
drug and a penetration enhancer (i.e., co-solvent), and a 
microneedle array can be used to treat a medical condition 
responsive to cannabinoids, such as alcohol use disorders, 
pain, in?ammation and pancreatic diseases, such as pancre 
atic cancer and pancreatitis. It has further been found that 
microneedle transdermal or topical drug delivery systems 
comprising a pharmaceutical composition, comprising a can 
nabinoid or cannabinoid prodrug, a microneedle array and a 
COX inhibitor, such that the duration in Which the micron 
eedle created pore Will remain open is increased, can be 
administered to a mammal. Suitable COX inhibitors include 
diclofenac and ibuprofen. 
[0004] The pharmaceutical compositions described herein 
are suitable for use With a COX inhibitor-containing gel or 
hydrogel Which has been optionally incorporated into a patch. 
In one embodiment, the COX inhibitor-containing gel or 
hydrogel Which has been optionally incorporated into a patch 
is distinct from the pharmaceutical composition containing a 
cannabinoid or a cannabinoid prodrug and is applied to the 
skin surface either before, during or after the skin has been 
treated With a microneedle array. In another embodiment, the 
pharmaceutical compositions comprising the cannabinoid or 
cannabinoid prodrug further comprises a COX-inhibitor and 
is administered as a gel or hydrogel Which has been optionally 
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incorporated into a patch that is applied to the skin surface 
either before, during or after the skin had been treated With a 
microneedle array. 

[0005] 
[0006] Cannabinoids, including cannabidiol (“CBD”), 
have recently been found useful in treating pancreatic ill 
nesses. For example, it has been found that cannabidiol is 
useful in the treatment of acute and chronic pancreatitis. 
Pancreatitis is Widely knoWn as a very painful disease and can 
ultimately lead to pancreatic cancer. It has been found that 
cannabidiol has anti-in?ammatory activity that results in a 
decrease of pain in pancreatitis cases. Pancreatic cancer is the 
fourth most common fatal cancer in the United States and ?fth 

mo st prevalent WorldWide. Cannabinoids, such as tetrahydro 
cannabinol and the synthetic cannabinoid WIN 55, 212-2, 
have been found to induce apoptosis of pancreatic tumor cells 
in vitro and in vivo. Cannabidiol has the same potential to 
cause the same cascade that results in tumor cell death and 
diminish proliferation to lateral tumor formation. 

[0007] In addition, the clinical usefulness of cannabinoids, 
including cannabidiol, to provide analgesia and neuroprotec 
tion, reduce in?ammation, help alleviate nausea and emesis, 
as Well as treat epilepsy, anxiety disorders and glaucoma, has 
been Well-recognized. In addition, it is also Well-knoWn that 
cannabidiol lacks the psychoactive effects seen in many of the 
other cannabinoids, including A9 -tetrahydrocannabinol, 
Which is currently available in an oral do sage form, sold under 
the trade name Marinol®. 

[0008] Pain is the most frequently reported symptom and it 
is a common clinical problem confronting all clinicians. Mil 
lions of people in the United States suffer from severe pain 
that, according to numerous recent reports, is chronically 
under-treated or inappropriately managed. Similarly, mil 
lions of people also suffer from severe nausea and/ or frequent 
emesis. Moreover, all too frequently, many patients suffering 
from chronic, under-treated or irretraceable pain also suffer 
from lack of appetite, nausea and/or frequent emesis. These 
patients present a greater clinical challenge as they are unable 
to receive effective doses of oral pain medications, thereby 
leaving their pain unalleviated. Cannabinoids, including can 
nabidiol, are effective in alleviating pain. Moreover, cannab 
inoids, including cannabidiol, can reduce a patient’s nausea 
and vomiting, independent of any pain relief achieved. Thus, 
cannabinoids are particularly useful in patients experiencing 
nausea and vomiting secondary to un- or under-treated pain. 

[0009] A notable percentage of the United States popula 
tion satisfy the diagnostic criteria for alcohol use disorders 
(“AUDs”). The consumption of excessive amounts of alcohol 
results in a complex array of pharmacological effects that 
directly impact the ability to treat the condition. These effects 
directly impact the brain and include progressive neurode 
generation, impaired executive function and dependence 
leading to WithdraWal-induced negative effects. It is knoWn 
that cannabinoids, including cannabidiol, have neuroprotec 
tive, anxiolytic and anti-convulsant effects, Which may be 
effective in preventing additional brain damage in persons 
With AUDs, While simultaneously decreasing the frequency 
of relapses. 
[0010] Chronic abusers of cannabis can develop depen 
dence and experience WithdraWal symptoms When they 
attempt to discontinue use of the drug. Collectively, cannabis 
dependence and WithdraWal are referred to herein as cannabis 

Cannabinoids and Cannabidiol 
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use disorders. It is known to those of skill in the art that 
cannabinoids, including cannabidiol, are useful in treating 
cannabis use disorders. 

[0011] Dystonia is a neurological movement disorder, With 
many knoWn causes, and characterized by involuntary, con 
tinual muscular contractions causing tWisting and repetitive 
movements or abnormal postures. Cannabinoids have been 
shoWn to reduce the muscular contractions characteristic of 
this disorder. 
[0012] The etiological pathology of many diseases relates 
to the in?ammatory processes that are regulated by an indi 
vidual’s immune system. In?ammation may result from (1) 
an otherWise appropriate immunoresponse to an outside 
trauma, such as brain sWelling secondary to a closed head 
injury; (2) an overactive immunoresponse, such as an allergic 
reaction or dermatitis; or (3) an inappropriate auto-immuno 
response, such as certain forrns of multiple sclerosis, in?am 
matory boWel disorders and arthritis. Regardless of the under 
lying cause of the in?ammation, it is therapeutically desirable 
under these circumstances to regulate the immune system and 
lessen the in?ammatory response. Cannabinoids have been 
shoWn to regulate various steps in the immune response and 
could shoW some therapeutic bene?t in the treatment of cer 
tain in?ammatory diseases such as psoriatic arthritis. 
[0013] Rheumatoid arthritis affects approximately 0.5-1% 
of the United States population, and autoimmune diseases in 
general affect more than 20 million Americans. The pain 
associated With rheumatoid arthritis can often be disabling. 
Cannabinoids have been found to be useful as an adjunct 
treatment for rheumatoid arthritis and joint pain secondary to 
other autoimmune diseases, such as in?ammatory boWel dis 
ease, multiple sclerosis and systemic lupus erythematosus. 
[0014] In addition, transdermally administered cannab 
inoids have been found to be useful to alleviate pain and other 
conditions associated With deeper tissues, such as peripheral 
nerves, muscles and synovial tissues. Examples of conditions 
associated With deeper tissues responsive to cannabinoids 
include: peripheral neuropathic pain, including but not lim 
ited to, the peripheral neuropathic pain associated With dia 
betic neuropathy, ankylosing spondylitis, Reiter’s syndrome, 
gout, chondrocalcinosis, joint pain secondary to dysmenor 
rhea, ?bromyalgia, musculoskeletal pain, neuropathic-post 
operative complications, polymyositis, acute nonspeci?c 
tenosynovitis, bursitis, epicondylitis, post-traumatic osteoar 
thritis, osteoarthritis, rheumatoid osteoarthritis, synovitis and 
juvenile rheumatoid arthritis. When cannabinoids are admin 
istered transdermally to treat pain and other conditions asso 
ciated With deeper tissues, including peripheral neuropathic 
pain, it may be useful to have signi?cant local tissue and 
systemic levels of cannabinoids. 
[0015] In addition to the above-discussed therapeutics ben 
e?ts, cannabinoids, such as cannabidiol and cannabidiol pro 
drugs, present a variety of pharmacological bene?ts, includ 
ing, but not limited to, anti-in?ammatory, anti-convulsant, 
anti-psychotic, antioxidant, neuroprotective, anti-cancer, 
such as melanoma, and immunomodulatory effects. 
[0016] Given these systemic therapeutic bene?ts, it Would 
be advantageous to develop a composition in Which a can 
nabinoid, such as cannabidiol or a prodrug of cannabidiol, is 
delivered systemically to achieve therapeutically effective 
plasma concentrations in a patient. HoWever, cannabinoid 
oral dosage forms, including those comprising cannabidiol, 
must overcome several obstacles in order to achieve a thera 
peutically-effective systemic concentration. First, cannab 
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inoids are generally highly lipophilic. Their limited Water 
solubility thereby restricts the amount of cannabinoid avail 
able for absorption in the gastrointestinal tract. Second, can 
nabidiol, as With the other cannabinoids, undergoes substan 
tial ?rst-pass metabolism When absorbed from the human 
gastrointestinal tract. Finally, the oral bioavailability of any 
product is further diminished When a patient suffers from 
nausea or emesis, as either the patient avoids taking his oral 
medications or the oral dosage form does not remain in the 
gastrointestinal tract for a suf?cient period of time to release 
the entire dose and achieve a therapeutic concentration. 
[0017] Therefore, in vieW of the foregoing, it Would be 
desirable to systemically deliver therapeutically effective 
amounts of a cannabinoid, such as cannabidiol or cannabidiol 
prodrug, to a mammal in need thereof for the treatment of one 
or more medical conditions responsive to cannabinoids, 
including pancreatic cancer, pancreatitis, pain, nausea or 
appetite stimulation, by a route of administration that does not 
depend upon absorption from the gastrointestinal tract of the 
mammal. One non-oral route of administration for the sys 
temic delivery of cannabidiol is transdermal administration. 
[0018] In addition, the epidermis and dermis of many mam 
mals, such as humans and guinea pigs, contains enZymes 
Which are capable of metaboliZing active pharmaceutical 
agents Which pass through the stratum corneum. The meta 
bolic process occurring in the skin of mammals, such as 
humans, can be utiliZed to deliver pharmaceutically effective 
quantities of a cannabinoid, such as cannabidiol, to the sys 
temic circulation of a mammal in need thereof. Described 
herein are prodrugs of cannabinoids, such as cannabidiol 
prodrugs, and compositions comprising prodrugs of cannab 
inoids that can be transdermally administered to a mammal, 
such as a human, so that the metabolic product resulting from 
metabolism in the skin is the cannabinoid Which is systemi 
cally available for the treatment of a medical condition 
responsive to cannabinoid, for example pancreatic diseases, 
such as pancreatitis and pancreatic cancer. 
[0019] Unfortunately, due to its highly lipophilic nature, 
cannabidiol is poorly absorbed through membranes such as 
the skin of mammals, including humans. Therefore, the suc 
cess of transdermally administering therapeutically effective 
quantities of cannabidiol to a mammal in need thereof Within 
a reasonable time frame and over a suitable surface area has 
been substantially limited. 
[0020] Microneedles and COX Inhibitors 
[0021] Enhancing the transdermal delivery of an active 
pharmaceutical agent by use of microneedle treatment has 
become an important area of research in the ?eld of transder 
mal drug delivery. In addition, shorter microneedles may 
alternatively be used to topically administer an active phar 
maceutical agent for local delivery to treat dermal conditions. 
It has further been found that a pharmaceutical composition 
comprising a cannabinoid or cannabinoid prodrug and a pen 
etration enhancer can be administered to a mammal in con 
junction With a microneedle array to treat a medical condition 
responsive to cannabinoids, including alcohol use disorders 
and pancreatic diseases, such as pancreatic cancer and pan 
creatitis. To enhance the transdermal or topical delivery of 
cannabinoids When administered in conjunction With micron 
eedles, cannabinoid prodrugs (e.g., cannabidiol prodrugs) 
have been designed Which typically have a greater Water 
solubility than the parent cannabinoid molecule in order to 
take advantage of the aqueous pores created by microneedle 
use. 
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[0022] Microneedles are generally considered to be struc 
tures that are between about 20 um and about 1000 pm in 
length capable of puncturing the outermost layer of the epi 
dermis (stratum comeum) to create large-scale openings 
(relative to the siZe of the active pharmaceutical agent to be 
delivered there through) or pores through Which one or more 
active pharmaceutical ingredients can be delivered. The depth 
of microneedle penetration is su?icient to enhance transder 
mal drug delivery but not su?icient to stimulate nerve end 
ings. Therefore, the use of microneedles is pain-free. This 
aspect, as Well as their economical and easy use, makes a 
system incorporating microneedle technology an attractive 
alternative for transdermal drug delivery. 
[0023] The active pharmaceutical agents to be delivered in 
conjunction With microneedle technology range from large 
oligonucleotides to insulin, and highly Water-soluble com 
pounds. Compared to other methods of physically altering the 
cutaneous structure to aid in improving transdermal transport, 
microneedle delivery is a relatively simple technique. 
Microneedles are typically micromachined to increase per 
meability and decrease skin sensation and come in various 
forms, such as biodegradable polymers, silicon and stainless 
steel. Various researchers have studied the effects of micron 
eedle-treated skin on increased permeation of mostly Water 
soluble compounds through microneedle-created aqueous 
pores. It has been shoWn that the use of microneedles can 
enhance the permeation of many compounds including non 
viral gene therapy vectors, desmopressin, insulin and naltr 
exone. Further, the application of microneedles has been 
shoWn to be pain free in comparison to a 26-gauge hypoder 
mic needle. 

[0024] The effectiveness of microneedles is dependent on 
the duration of time that the microneedle-created pores in the 
stratum corneum remain suf?ciently open and “un-healed.” It 
is during this time that the enhanced delivery of the active 
pharmaceutical agent can continue. Recently there have been 
many determinations in pore lifetime and viability via a num 
ber of experiments involving transepidermal Water loss, 
microscopic visualization and pharmacokinetic analysis. 
Transepidermal Water loss (“TEWL”) measures the rate at 
Which Water escapes from the skin. TEWL values are com 
monly measured in damaged skin to determine Water loss 
over time as a function of skin repair. By using an evaporim 
eter, an instrument that measures Water loss, damage or 
changes in skin morphology can be determined by an increase 
in rate of Water loss compared to “normal” skin. It has noW 
been shoWn that TEWL readings are a valid measurement to 
observe the status of the permeability barrier. 
[0025] Occlusive coverings, such as patches or hydrogels 
(Which can be optionally incorporated into a patch), can be 
used to maintain microneedle-created pores. When a micron 
eedle array Was placed on the skin and removed Without 
having been treated With an occlusive patch, the skin healed 
rapidly and TEWL readings returned to baseline levels Within 
30 minutes. In contrast, it has been demonstrated that under 
an occlusive environment, microneedle-created pores 
remained open for at least 48-72 hours. LikeWise, micro 
scopic visualiZation after staining has revealed that pores 
Were present up to 72 hours. In hairless guinea pigs treated 
With 6-[3-naltrexol hydrochloride, signi?cant enhancement in 
microneedle pore viability Was observed for 48 hours after 
microneedle exposure and occlusion, compared to untreated 
skin. It has also been shoWn that therapeutic levels of naltr 
exone (2511.1 ng/mL) Were achieved When a 16% naltrex 
one hydrochloride gel Was administered to 6 healthy human 
volunteers after microneedle pretreatment. Further, it has 
been observed that When used in conjunction With micron 
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eedles, steady state naltrexone concentrations Were achieved 
Within tWo hours and remained for 48 hours. These results 
indicate that microneedle application to skin provides an 
alternative delivery route to oral, injectables and traditional 
passive transdermal delivery. 
[0026] Even With the use of occlusive techniques (e.g., a 
patch Which may optionally have a hydrogel incorporated 
therein) in conjunction With the microneedle-generated 
pores, it is, nevertheless, desirable to further extend the life 
time of microneedle-created pores. Such an increase in the 
duration of the pore opening can correspond to an increase in 
the interval betWeen Which doses are administered. Said dif 
ferently, by increasing the duration of the pore opening, it is 
possible to reduce the frequency With Which an active must be 
administered. Reductions in the dosage frequency have a 
positive impact on patient acceptance and compliance. Thus, 
it Would be desirable to further enhance the viability of the 
microneedle-created pores in order to increase the rate, dura 
tion and extent of transdermal delivery of an active pharma 
ceutical agent. 
[0027] It has been found that the rate and extent of cannab 
inoid transdermal absorption can be improved by administer 
ing a cannabinoid (e. g. cannabidiol) or a cannabinoid prodrug 
(e.g., a prodrug of cannabidiol) and optionally a penetration 
enhancer or co-solvent and/or a COX inhibitor, in pharma 
ceutical compositions in conjunction With microneedle 
arrays. It has further been discovered that by optimiZing the 
composition excipients, the cannabinoid or cannabinoid pro 
drug can be administered, in conjunction With a microneedle 
array, on a schedule that encourages patient compliance, by 
reducing frequency of dosing to once or tWice daily or even 
once or tWice Weekly. 

[0028] Accordingly, a signi?cant advancement in the art 
Would occur With the development of a transdermal drug 
delivery system comprising pharmaceutical compositions, 
comprising a cannabinoid (e.g. cannabidiol) or a cannabinoid 
prodrug (e.g., a prodrug of cannabidiol), and a microneedle 
array in treatment of conditions responsive to cannabinoids. 
A further advancement Would be the development of a trans 
dermal drug delivery system comprising a pharmaceutical 
composition, comprising a cannabinoid (e. g. cannabidiol) or 
a cannabinoid prodrug (e.g., a prodrug of cannabidiol) and a 
microneedle array in treatment of (i) acute pancreatitis; (ii) 
chronic pancreatitis; (iii) pancreatic cancer; (iv) pain; (v) 
in?ammation or (vi) alcohol use disorders. 

[0029] Topical Delivery 
[0030] In addition to the bene?ts of systemically adminis 
tered cannabinoid discussed above, cannabinoids, including 
cannabidiol and prodrugs of cannabidiol, have been found to 
have localiZed bene?ts from topical administration. For 
example, topically administered cannabinoids have been 
found to be useful to alleviate pain and other conditions 
originating at or near the surface of the skin, including but not 
limited to, pain associated With post-herpetic neuralgia, 
shingles, burns, actinic keratosis, oral cavity sores and ulcers, 
post-episiotomy pain, psoriasis, pruritis, contact dermatitis, 
ecZema, bullous dermatitis herpetiformis, exfoliative derma 
titis, mycosis fungoides, pemphigus, severe erythema multi 
forme (e.g., Stevens-Johnson syndrome), seborrheic derma 
titis, melanoma and psoriatic arthritis. Also, it has been found 
that the topical administration of cannabinoids, including 
cannabidiol, can inhibit the groWth of hair. 
[0031] In order to achieve these local bene?ts, it may be 
advantageous for the cannabinoid, (e.g., cannabidiol) or a 
cannabinoid prodrug (e.g., a cannabidiol prodrug) to pen 
etrate the stratum corneum but not be absorbed systemically. 
In such a case, the cannabinoid (e. g., cannabidiol) or cannab 
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inoid prodrug (e.g., a prodrug of cannabidiol) Would concen 
trate in the skin and/or pilosebaceous unit, thus maximizing 
its local effect. Not only does the localized effect increase the 
potential therapeutic bene?t, it lessens the frequency and 
severity of side-effects associated With systemic cannabinoid 
administration because the amount of active compound cir 
culating in the patient is reduced. The cannabinoid (e.g., 
cannabidiol) or cannabinoid prodrug (e.g., a cannabidiol pro 
drug) can be incorporated into a composition With an addi 
tional active moiety that is capable of improving the appear 
ance and/or hydration of the skin. 
[0032] Accordingly, a signi?cant advancement in the art 
Would occur With the development of a topical drug delivery 
system comprising a pharmaceutical composition, compris 
ing a cannabinoid (e.g., cannabidiol) or a cannabinoid pro 
drug (e.g., a cannabidiol prodrug) and a microneedle array in 
the treatment of condition responsive to cannabinoid therapy. 

SUMMARY 

[0033] Described herein are microneedle drug delivery sys 
tems suitable for transdermal and topical administration com 
prising a pharmaceutical composition, comprising a cannab 
inoid (e.g., cannabidiol) or a cannabinoid prodrug (e.g., a 
cannabidiol prodrug) and a microneedle array. Also described 
herein are methods of using a microneedle transdermal or 
topical drug delivery system for administering pharmaceuti 
cal compositions comprising a cannabinoid (e. g., canna 
bidiol) or a cannabinoid prodrug (e. g., a cannabidiol prodrug) 
and a microneedle array in the treatment of diseases in mam 
mals. 
[0034] Some alternative embodiments also include the use 
of a hydrogel as part of the drug delivery system. 
[0035] Other embodiments, objects, features and advan 
tages Will be set forth in the detailed description of the 
embodiments that folloWs, and in part Will be apparent from 
the description or may be learned by practice of the claimed 
invention. These objects and advantages Will be realiZed and 
attained by the processes and compositions described and 
claimed herein. The foregoing Summary has been made With 
the understanding that it is to be considered as a brief and 
general synopsis of some of the embodiments disclosed 
herein, is provided solely for the bene?t and convenience of 
the reader, and is not intended to limit in any manner the 
scope, or range of equivalents, to Which the appended claims 
are laWfully entitled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1 shoWs the cumulative permeation pro?le of 
total CBD (total cannabidiol equivalents delivered in the form 
of cannabidiol and/or prodrugs ALL00179 and ALL00180) 
from ALL00179 (n:5) in 100% ddH2O donor solution 
through microneedle-treated Yucatan pig skin. 

DESCRIPTION 

[0037] While the present invention is capable of being 
embodied in various forms, the description beloW of several 
embodiments is made With the understanding that the present 
disclosure is to be considered as an exempli?cation of the 
claimed subject matter, and is not intended to limit the 
appended claims to the speci?c embodiments illustrated. The 
headings used throughout this disclosure are provided for 
convenience only and are not to be construed to limit the 
claims in any Way. Embodiments illustrated under any head 
ing may be combined With embodiments illustrated under any 
other heading. Embodiments disclosed herein are inclusive 
and exclusive of other embodiments. 
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[0038] Transdermal and Topical Drug Delivery Systems 
[0039] One embodiment described herein includes micron 
eedle transdermal or topical drug delivery systems compris 
ing a microneedle array and a pharmaceutical composition, 
Wherein the pharmaceutical composition comprises a can 
nabinoid (e.g., cannabidiol) or a cannabinoid prodrug (e.g., a 
cannabidiol prodrug). In a further embodiment, the micron 
eedle transdermal or topical drug delivery system comprises 
a microneedle array and a pharmaceutical composition, 
Wherein the composition comprises a cannabinoid (e.g., can 
nabidiol) or a cannabinoid prodrug (e.g., a cannabidiol pro 
drug) and a COX inhibitor. In yet a further embodiment, the 
microneedle transdermal or topical drug delivery system 
comprises a microneedle array and a pharmaceutical compo 
sition, Where in the composition comprises a cannabinoid 
(e.g., cannabidiol) or a cannabinoid prodrug (e.g., a canna 
bidiol prodrug) and a penetration enhancer or co-solvent. In 
yet a further embodiment, the microneedle transdermal or 
topical drug delivery system comprises a microneedle array 
and a pharmaceutical composition, Where in the composition 
comprises a cannabinoid (e.g., cannabidiol) or a cannabinoid 
prodrug (e. g., a cannabidiol prodrug), a COX inhibitor and a 
penetration enhancer or co-solvent. 
[0040] In one embodiment described herein, the micron 
eedle transdermal or topical drug delivery system comprises 
a pharmaceutical composition and a microneedle array. In 
another embodiment described herein, administration of the 
transdermal or topical drug delivery system means that the 
pharmaceutical composition is applied or administered to the 
skin of a mammal in conjunction With the microneedle array. 
As used herein “in conjunction Wit ” means use before, use 
after or use simultaneously. For example, administration of a 
transdermal or topical drug delivery system comprising a 
pharmaceutical composition in conjunction With a micron 
eedle array means that the pharmaceutical composition may 
be administered before the administration of the microneedle 
array, after the administration of the microneedle array or 
simultaneously With the administration of the microneedle 
array. 
[0041] In another embodiment described herein, the 
microneedle transdermal or topical drug delivery system 
described herein comprises a pharmaceutical composition 
comprising a cannabinoid (e.g., cannabidiol) or a cannab 
inoid prodrug (e.g., a cannabidiol prodrug) in conjunction 
With a microneedle array for the treatment of a disease or 
condition responsive to a cannabinoid. 

[0042] In another embodiment described herein, the 
microneedle transdermal or topical drug delivery system 
described herein comprises a pharmaceutical composition 
comprising a cannabinoid (e.g., cannabidiol) or a cannab 
inoid prodrug (e.g., a cannabidiol prodrug) incorporated into 
a hydrogel Which is used in conjunction With a microneedle 
array. 
[0043] In another embodiment described herein, the 
microneedle transdermal or topical drug delivery system 
described herein comprises a pharmaceutical composition 
comprising a cannabinoid (e.g., cannabidiol) or a cannab 
inoid prodrug (e.g., a cannabidiol prodrug) incorporated into 
a hydrogel Which is used in conjunction With a microneedle 
array for the treatment of a disease or condition responsive to 
a cannabinoid. 

[0044] In another embodiment, the microneedle transder 
mal or topical drug delivery system consists essentially of a 
microneedle array and a pharmaceutical composition, 
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wherein the pharmaceutical composition consists essentially 
of a cannabinoid (e.g., cannabidiol) or a cannabidiol prodrug 
(e.g., a cannabidiol prodrug) and optionally further consists 
essentially of a COX inhibitor and/ or a penetration enhancer 

(i.e., a co-solvent). 
[0045] In another embodiment, the microneedle transder 
mal or topical drug delivery system consists of a microneedle 
array and a pharmaceutical composition, Wherein the phar 
maceutical composition consists of a cannabinoid (e. g., can 
nabidiol) or a cannabidiol prodrug (e.g., a cannabidiol pro 
drug) and optionally further consists of a COX inhibitor and/ 
or a penetration enhancer (i.e., a co-solvent). 
[0046] Cannabinoids, Cannabidiol and Cannabidiol Pro 
drugs 
[0047] As used herein, “cannabinoid” includes any com 
pound that interacts With a cannabinoid receptor and various 
cannabinoid mimetics, including, but not limited to certain 
tetrahydropyran analogs (e.g., delta-9-tetrahydrocannabinol; 
delta-8-tetrahydrocannabinol, 6,6,9-trimethyl-3-pentyl-6H 
dibenZo[b,d]pyran-1-ol; 3-(1 ,1 -dimethylheptyl)-6,6a,7,8, 10, 
10a-hexahydro-1-hydroxy-6,6-dimethyl-9H-dibenZo[b,d] 
pyran-9-one; (—)-(3S,4S)-7-hydroxy-delta-6 
tetrahydrocannabinol-l ,1 -dimethylheptyl; (+)-(3 S,4S)-7 
hydroxy-delta-6-tetrahydrocannabinol- 1 , 1 -dimethylheptyl; 
11-hydroxy-delta-9-tetrahydrocannabinol and delta-8-tet 
rahydrocannabinol-11-oic acid); certain piperidine analogs 
(e.g., (—)-(6S,6aR,9R,10aR)-5,6,6a,7,8,9,10,10a-octahydro 
6-methyl-1 -3-[(R)-1-methyl-4-phenylbutoxy]-1,9-phenan 
thridinediol l-acetate), certain aminoalkylindole analogs 
(e.g., (R)-(+)[2,3-dihydro-5-methyl-3-(4-morpholinylm 
ethyl)-pyrrolo[1,2,3 -de]-1,4-benZoxaZin-6-yl]-1-naphthale 
nyl-methanone), certain open pyran-ring analogs (e.g., 2-[3 
methyl-6-(1 -methylethenyl) -2-cyclohexen- 1 -yl] -5 -pentyl-1 , 
3-benZenedi-ol and 4-(1,1-dimethylheptyl)-2,3'-dihydroxy 
6'alpha-(3-hydroxypropyl)-1',-2',3',4',5',6' 
hexahydrobiphenyl), and their pharmaceutically acceptable 
salts, solvates, metabolites (e.g., cutaneous metabolites), and 
metabolic precursors (e.g., prodrugs). 
[0048] As used herein, “cannabidiol” refers to cannabidiol; 
cannabidiol prodrugs; pharmaceutically acceptable deriva 
tives of cannabidiol, including pharmaceutically acceptable 
salts of cannabidiol; and cannabidiol derivatives. As used 
herein “cannabidiol prodrug” means a compound that under 
goes a chemical conversion, through a metabolic process or 
otherWise Within the body of the mammal receiving the com 
pound into cannabidiol. The term “cannabidiol prodrug” also 
includes the free base, free acid, salt, ester, hydrate, anhy 
drate, amide, enantiomer, isomer, tautomer, polymorph, or 
derivative of a compound that undergoes a chemical conver 
sion, through a metabolic process or otherWise Within the 
body of the mammal receiving the compound into canna 
bidiol. 
[0049] In one embodiment described herein, the cannab 
inoid or mixture of cannabinoids, is obtained from the extract 
from of a natural source, such as plants from the cannabis 
genus (e.g., Cannabis saliva, Cannabis indicia and Cannabis 
ruderal is). In an alternative embodiment, the cannabinoid or 
mixture of cannabinoids results from synthetic chemical 
reactions. The synthesis of cannabidiol can be found in 
Petilka et al., Helv. Chim. Acta, 52:1102 (1969) and in 
Mechoulam et al., J. Am. Chem. Soc., 87:3273 (1965), Which 
are hereby incorporated by reference. In a further embodi 
ment, the cannabinoid or mixture of cannabinoids, is obtained 
from the extract from of a natural source, such as plants from 
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the cannabis genus and not as a result of synthetic chemical 
reactions. In yet another embodiment, the cannabinoid or 
mixture of cannabinoids results from synthetic chemical 
reactions and not from the extract of a natural source, such as 
plants from the cannabis genus. 

[0050] A cannabinoid may be in any suitable form for 
administration to a mammal such as in the form of a free base, 

free acid, salt, hydrate, anhydrate, enantiomer, isomer, tau 
tomer, polymorph, or the like, provided that the form of the 
cannabinoid is therapeutically active or undergoes conversion 
Within or outside of the body to a therapeutically active form 
of the cannabinoid. 

[0051] “Pharmaceutically acceptable salts,” or “salts,” 
include the salt of the parent molecule, such as cannabinoid or 
a cannabinoid prodrug, suitable for administration to a mam 
mal and includes those prepared from formic, acetic, propi 
onic, succinic, glycolic, gluconic, lactic, malic, tartaric, citric, 
ascorbic, glucuronic, maleic, fumaric, pyruvic, aspartic, 
glutamic, benZoic, anthranilic, mesylic, stearic, salicylic, 
p-hydroxybenZoic, phenylacetic, mandelic, embonic, meth 
anesulfonic, ethanesulfonic, benZenesulfonic, pantothenic, 
toluenesulfonic, 2-hydroxyethanesulfonic, sulfanilic, cyclo 
hexylaminosulfonic, algenic, beta-hydroxybutyric, galac 
taric and galacturonic acids. The folloWing list of pharmaceu 
tically acceptable salts is not meant to be exhaustive but 
merely illustrative as a person of ordinary skill in the art 
Would appreciate that other pharmaceutically acceptable salts 
of a cannabinoid and prodrugs of a cannabinoid may be 
prepared. 
[0052] In one embodiment, acid addition salts are prepared 
from the free base forms using conventional methodologies 
involving reaction of the free base With a suitable acid. Suit 
able acids for preparing acid addition salts include both 
organic acids, e.g., formic acid, acetic acid, propionic acid, 
glycolic acid, pyruvic acid, oxalic acid, malic acid, malonic 
acid, succinic acid, maleic acid, fumaric acid, tartaric acid, 
citric acid, benZoic acid, cinnamic acid, mandelic acid, meth 
anesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, 
salicylic acid, and the like, as Well as inorganic acids, e.g., 
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric 
acid, phosphoric acid, and the like. The folloWing list of 
organic and inorganic acids is not meant to be exhaustive but 
merely illustrative as a person of ordinary skill in the art 
Would appreciate that other acids may be used to create phar 
maceutically acceptable salts of prodrugs of cannabidiol. In 
still other embodiments, the basic salts are alkali metal salts, 
e.g., sodium salt. 

[0053] In a further embodiment, the cannabinoid is sub 
stantially free from impurities. As used herein, “substantially 
free of impurities” shall mean that impurities, including any 
cannabinoid not intended to be administered in a therapeuti 
cally effective quantity, are present in an amount by Weight of 
the composition of less than about 10%, less than about 5%, 
less than about 4%, less than about 3%, less than about 2%, 
less than about 1%, or less than about 0.1%. 

[0054] As used herein “prodrug” refers to a compound that 
undergoes a chemical conversion, through a metabolic pro 
cess or otherWise Within the body of the mammal receiving 
the compound into its active form that has therapeutic effects. 
As used herein, the terms “cannabidiol” and “cannabidiol 
prodrug” are used interchangeably, such that any embodi 
ment in Which cannabidiol is used, may also be used With one 
or more cannabidiol prodrugs. 
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[0055] In one embodiment, illustrative cannabidiol pro 
drugs include those compounds of Formula (I): 

(1) 

R10 

R20 

wherein R1 and R2 can be the same or different and are each 
independently comprised of a hydrogen and/or a bio-labile 
linker (e. g., ester, oxygenated ester, oxaester, pegylated ester, 
hydroxylated ester, alkyl ester, amino ester, alkylamino ester, 
dialkylamino ester, trialkylammonium ester, carbonate, alkyl 
carbonate, amino carbonate, alkylamino carbonate, dialky 
lamino carbonate, trialkylammonium carbonate, carbamate, 
alkyl carbamate, amino carbamate, alkylamino carbamate, 
dialkylamino carbamate, trialkylammonium carbamate, sub 
stituted phosphate ester, unsubstituted phosphate ester, 
unsubstituted diphosphate ester, substituted diphosphate 
ester, unsubstituted triphosphate ester, substituted triphos 
phate ester, phosphonate ester, substituted sulfate esters, 
unsubstituted sulfate esters, sulphonate ester, alpha-acyloxy 
alkyl, alpha-phosphoryloxyalkyl, alpha-sulphonyloxyalkyl 
or other suitable bio-labile linking structure) and further com 
prising moieties Which can be selected in order to control the 
rate and extent of absorption and metabolism, including 
transdermal absorption and metabolism. HoWever, R 1 and R2 
cannot both be a hydrogen atom. Several options for R1 and 
R2 are disclosed herein. Also included herein is the free base, 
free acid, salt, ester, hydrate, amide, enantiomer, isomer, tau 
tomer, polymorph, or derivative thereof of compounds of 
Formula I. 

[0056] In a further embodiment, the cannabidiol prodrug 
can be selected from a group comprising: 

N 

O 

O 

O 

O 

N 
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[0057] In an additional embodiment, cannabidiol prodrugs 
bearing an alkylamino or dialkylamino substituent in the side 
chain are used in the form of tetraalkylammonium salts. For 
example, dialkylamino ester can be used in the form of tri 
alkylammonium ester. These separate chemical entities 
include a counter ion derived from pharmaceutically accept 
able acids. 

[0058] In one embodiment of the quaternary ammonium 
derivatives (tetraalkylammonium ammonium derivatives), 
the cannabidiol prodrug can be selected from a group com 
prising: 
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wherein X“ is a counter ion derived from pharmaceutically 
acceptable acids. 
[0059] In a further embodiment, one or more cannabidiol 
prodrugs can be used With or instead of cannabidiol or other 
cannabinoids in the pharmaceutical compositions and drug 
delivery systems described herein. In an additional embodi 
ment, a cannabidiol prodrug can be used With or instead of 
cannabidiol or other cannabinoids in the method of adminis 
tering cannabidiol to mammal described herein. 
[0060] Additional embodiments of cannabidiol prodrugs 
contemplated by the present disclosure include, but are not 
limited to, those described in Us. patent application Ser. No. 
12/182,974, published as US 2009-0036523 Al on Feb. 5, 
2009, Which is incorporated herein by reference in its entirety. 
[0061] In one embodiment, illustrative Ag-tetrahydrocan 
nabidiol prodrugs suitable for use in the compositions, drug 
delivery systems and methods described herein include those 
compounds of Formula (II): 

(11) 

wherein R1 is comprised of a bio-labile linker (eg. ester, 
oxygenated ester, oxaester, pegylated ester, hydroxylated 
ester, branched hydroxylated ester, succinic acid monoester, 
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oxalic acid mixed pegylated ester, amino ester, cyclic amino 
ester, acylated amino ester, carbonate, oxygenated carbonate, 
oxacarbonate, pegylated carbonate, hydroxylated carbonate, 
branched hydroxylated carbonate, aminoalkyl carbonate, 
cyclic aminoalkyl carbonate, acylated aminoalkyl carbonate, 
hydroxycarbonylalkyl carbonate, carbamate, alkyl carbam 
ate, aminoalkyl carbamate, acylated aminoalkyl carbamate, 
cyclic aminoalkyl carbamate, oxacarbamate, pegylated car 
bamate, hydroxylated carbamate, branched hydroxylated car 
bamate, hydroxycarbonylalkyl carbamate, phosphate, 
diphosphate, triphosphate or other suitable bio-labile linking 
structure) and further comprising moieties Which can be 
selected in order to control the rate and extent of absorption 
and metabolism, such as transdermal absorption and metabo 
lism. Several options for R.sub.1 are disclosed herein. Also 
included herein is the free acid, free base, salt, ester, hydrated 
forms, anhydrous, amide, enantiomer, isomer, tautomer, 
polymorph, or derivative thereof of compounds of Formula 11. 

[0062] In one embodiment, the pharmaceutical composi 
tions disclosed herein comprise a cannabinoid, such as can 
nabidiol or cannabidiol prodrug, in a total amount by Weight 
of the composition of about 0. 1 % to about 95%. For example, 
the amount of a cannabinoid, such as cannabidiol or a canna 
bidiol prodrug, by Weight of the pharmaceutical composition 
may be about 0.1%, about 0.2%, about 0.3%, about 0.4%, 
about 0.5%, about 0.6%, about 0.7%, about 0.8%, about 
0.9%, about 1%, about 1.1%, about 1.2%, about 1.3%, about 
1.4%, about 1.5%, about 1.6%, about 1.7%, about 1.8%, 
about 1.9%, about 2%, about 2.1%, about 2.2%, about 2.3%, 
about 2.4%, about 2.5%, about 2.6%, about 2.7%, about 
2.8%, about 2.9%, about 3%, about 3.1%, about 3.2%, about 
3.3%, about 3.4%, about 3.5%, about 3.6%, about 3.7%, 
about 3.8%, about 3.9%, about 4%, about 4.1%, about 4.2%, 
about 4.3%, about 4.4%, about 4.5%, about 4.6%, about 
4.7%, about 4.8%, about 4.9%, about 5%, about 5.1%, about 
5.2%, about 5.3%, about 5.4%, about 5.5%, about 5.6%, 
about 5.7%, about 5.8%, about 5.9%, about 6%, about 6.1%, 
about 6.2%, about 6.3%, about 6.4%, about 6.5%, about 
6.6%, about 6.7%, about 6.8%, about 6.9%, about 7%, about 
7.1%, about 7.2%, about 7.3%, about 7.4%, about 7.5%, 
about 7.6%, about 7.7%, about 7.8%, about 7.9%, about 8%, 
about 8.1%, about 8.2%, about 8.3%, about 8.4%, about 
8.5%, about 8.6%, about 8.7%, about 8.8%, about 8.9%, 
about 9%, about 9.1%, about 9.2%, about 9.3%, about 9.4%, 
about 9.5%, about 9.6%, about 9.7%, about 9.8%, about 
9.9%, about 10%, about 11%, about 12%, about 13%, about 
14%, about 15%, about 16%, about 17%, about 18%, about 
19%, about 20%, about 25%, about 30%, about 35%, about 
40%, about 45%, about 50%, about 55%, about 60%, about 
65%, about 70%, about 75%, about 80%, about 85%, about 
90% or about 95%. 

[0063] lllustratively, the pharmaceutical compositions dis 
closed herein may comprise a total amount of a cannabinoid, 
such as cannabidiol or a cannabidiol prodrug, by Weight of 
about 1% to about 10%; about 2% to about 10%; about 3% to 
about 10%; about 4% to about 10%; about 5% to about 10%; 
about 6% to about 10%; about 7% to about 10%; about 8% to 
about 10%; about 9% to about 10%; about 1% to about 9%; 
about 2% to about 9%; about 3% to about 9%; about 4% to 
about 9%; about 5% to about 9%; about 6% to about 9%; 
about 7% to about 9%; about 8% to about 9%; about 1% to 
about 8%; about 2% to about 8%; about 3% to about 8%; 
about 4% to about 8%; about 5% to about 8%; about 6% to 
about 8%; about 7% to about 8%; about 1% to about 7%; 
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about 2% to about 7%; about 3% to about 7%; about 4% to 
about 7%; about 5% to about 7%; about 6% to about 7%; 
about 1% to about 6%; about 2% to about 6%; about 3% to 
about 6%; about 4% to about 6%; about 5% to about 6%; 
about 1% to about 5%; about 2% to about 5%; about 3% to 
about 5%; about 4% to about 5%; about 1% to about 4%; 
about 2% to about 4%; about 3% to about 4%; about 1% to 
about 3%; about 2% to about 3%; or about 1% to about 2%. 

[0064] In an alternative embodiment, the pharmaceutical 
compositions disclosed herein comprise a cannabinoid (e. g., 
cannabidiol) or a prodrug ofa cannabinoid (e.g., a prodrug of 
cannabidiol) Which may be incorporated into a hydrogel. 
Optionally, a penetration enhancer (i.e., co-solvent) or COX 
inhibitor may also be incorporated into the hydrogel as Well. 
The cannabinoid or prodrug thereof comprises about 0.1%, 
about 0.2%, about 0.3%, about 0.4%, about 0.5%, about 
0.6%, about 0.7%, about 0.8%, about 0.9%, about 1%, about 
1.1%, about 1.2%, about 1.3%, about 1.4%, about 1.5%, 
about 1.6%, about 1.7%, about 1.8%, about 1.9%, about 2%, 
about 2.1%, about 2.2%, about 2.3%, about 2.4%, about 
2.5%, about 2.6%, about 2.7%, about 2.8%, about 2.9%, 
about 3%, about 3.1%, about 3.2%, about 3.3%, about 3.4%, 
about 3.5%, about 3.6%, about 3.7%, about 3.8%, about 
3.9%, about 4%, about 4.1%, about 4.2%, about 4.3%, about 
4.4%, about 4.5%, about 4.6%, about 4.7%, about 4.8%, 
about 4.9%, about 5%, about 5.1%, about 5.2%, about 5.3%, 
about 5.4%, about 5.5%, about 5.6%, about 5.7%, about 
5.8%, about 5.9%, about 6%, about 6.1%, about 6.2%, about 
6.3%, about 6.4%, about 6.5%, about 6.6%, about 6.7%, 
about 6.8%, about 6.9%, about 7%, about 7.1%, about 7.2%, 
about 7.3%, about 7.4%, about 7.5%, about 7.6%, about 
7.7%, about 7.8%, about 7.9%, about 8%, about 8.1%, about 
8.2%, about 8.3%, about 8.4%, about 8.5%, about 8.6%, 
about 8.7%, about 8.8%, about 8.9%, about 9%, about 9.1%, 
about 9.2%, about 9.3%, about 9.4%, about 9.5%, about 
9.6%, about 9.7%, about 9.8%, about 9.9%, about 10%, about 
11%, about 12%, about 13%, about 14%, about 15%, about 
16%, about 17%, about 18%, about 19%, about 20%, about 
21%, about 22%, about 23%, about 24%, about 25%, about 
26%, about 27%, about 28%, about 29%, about 30%, about 
31%, about 32%, about 33%, about 34%, about 35%, about 
36%, about 37%, about 38%, about 39%, about 40%, about 
41%, about 42%, about 43%, about 44%, about 45%, about 
46%, about 47%, about 48%, about 49%, about 50%, about 
55%, about 60%, about 65%, about 70%, about 75%, about 
80%, about 85%, about 90% or about 95% by Weight of the 
hydrogel. 
[0065] Microneedle Arrays 
[0066] As used herein, the term “pore viability” refers to 
pores, holes or channels created by the entry of one or more 
microneedles into the skin of a mammal in need of transder 
mal administration of an active pharmaceutical agent and the 
duration of lifetime that the resulting pores remain su?i 
ciently open or “un-healed” thereby alloWing the transdermal 
delivery of an active pharmaceutical agent to be systemically 
or locally delivered, Whereby the dosing interval betWeen 
microneedle treatments can be extended. 

[0067] As used herein the term “microneedle” or “micron 
eedle array” refers to any apparatus, construction, equipment, 
implement, material, means or mechanism used to create 
micrometer-scale transport pathWays in the epidermis of a 
mammal. As used herein, the terms “microneedle” and 
“microneedle array” are interchangeable. 
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[0068] The pharmaceutical compositions described herein, 
and optionally incorporated into a hydrogel, are suitable for 
use in a transdermal or topical drug delivery system in con 
junction With microneedles Which create micrometer-scale 
transport pathWays. Microneedles provide a minimally inva 
sive means to transport molecules into and/or through the skin 
for local or systemic delivery of an active pharmaceutical 
agent. The channels or pores created by a microneedle array 
are extremely small on a clinical level. However, because the 
channels or pores are orders of magnitude larger than even 
macromolecules, such channels or pores have been shoWn to 
signi?cantly increase skin permeability. 
[0069] Microneedles can be can be solid or holloW and are 
made from many bio-compatible materials, including silicon, 
biodegradable polymers, and stainless steel. Solid micron 
eedles can be used to create channels or pores in the skin, 
folloWed by application of a transdermal patch to the skin 
surface. Alternatively, solid microneedles can be ?rst coated 
With an active pharmaceutical agent and then inserted into the 
skin. HolloW microneedles can also be used to facilitate active 
permeation through the bore in the microneedle and into the 
skin. See, e.g., PrausnitZ, Microneedles for transdermal drug 
delivery, Adv. 56 Drug. Deliv. Rev. 581-587 (2004), for a 
revieW of some of the microneedle technology suitable for 
use With the various embodiments of the claimed invention 
described herein. 
[0070] Numerous studies have demonstrated that solid 
microneedles can increase skin permeability by up to four 
orders of magnitude for compounds ranging in siZe from 
small molecules to proteins to nanoparticles. Henry et al., 
Microfabricated microneedles: a novel approach to transder 
mal drug delivery, 87 J. Pharm. Sci. 922-925 (1998); McAl 
lister et al., Microfabricated needles for transdermal delivery 
of macromolecules and nanoparticles: fabrication methods 
and transport studies, 100 Proc. Nat’l Acad. Sci. 13755 
13760 (2003); Lin et al., Transdermal delivery of antisense 
oligonucleotides With microprojection patch (Macro?ux) 
technology, 18(12) Pharm. Res. 1787-1793 (2001); and 
Corrnier et al., Transdermal delivery of desmopressin using a 
coated microneedle array patch system, 97 J. Control. 
Release. 503-511 (2004). HolloW microneedles have also 
been shoWn to deliver macromolecules such as insulin. See 
McAllister, Proc. Nat’l Acad. Sci. 13755-13760; Martanto et 
al., Transdermal delivery of insulin using microneedles in 
vivo, 21 Pharm. Res. 947-952 (2004). Microneedle insertion 
in human volunteers resulted in a sensation described as that 
similar to a smooth surface applied to the skin or the “sensa 
tion of a piece of tape” applied to the skin. Kaushik et al., Lack 
of pain associated With microfabricated microneedles, 92 
Anesth. &Analg. 502-504 (2001). 
[0071] Suitable microneedle arrangements for use With the 
compounds and compositions described herein can be found 
in the foregoing references as Well as in US. patent applica 
tion Ser. No. 11/812,249, published as US 2008-0008745 Al 
on J an. 10, 2008, Which is incorporated by reference herein in 
its entirety. 
[0072] In one embodiment, solid microneedle adhesive 
patches can be fabricated for insertion into the skin. In 
another embodiment, ?xed microneedle geometries can be 
cut into 75 pm thick stainless steel sheets (Trinity Brand 
Industries, SS 304; McMaster-Carr, Atlanta, Ga., USA) using 
an infrared laser (Resonetics Maestro, Nashua, NH, USA) 
and then can be manually bent perpendicular to the plane of 
their metal substrate. For better insertion and adhesion of 
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patches to the skin, microneedle arrays can be assembled into 
adhesive patches. The adhesive Would serve to hold the 
microneedles ?rmly against the skin by compensating for the 
mechanical mismatch betWeen the ?exible skin tissue and the 
rigid microneedle substrate. The microneedle patches can be 
assembled in a laminar ?oW hood for cleanliness and then 
steriliZed using ethylene oxide (AN 74j , Andersen Sterilizers, 
HaW River, NC, USA) before use. 
[0073] In another embodiment, microneedle arrays can be 
fabricated to produce patches containing 50 microneedles 
arranged in a 5x10 array of microneedles. In one embodi 
ment, suitable individual microneedles can be about 620 pm 
in length, about 160 pm in Width at the base, and less than 
about 1 um in radius of curvature at the tip. 
[0074] PharmaceuticalCompositions 
[0075] As used herein, “pharmaceutical composition” 
includes any ointment, cream, solution, suspension, lotion, 
paste, gel, hydrogel, spray, foam, solid or oil Which may be 
created or formed and used to administer a cannabinoid (e. g., 
cannabidiol) or cannabinoid prodrug (e.g., a cannabidiol pro 
drug) to a mammal, alone, or in conjunction With micron 
eedles. 
[0076] As used herein, the terms “gel” or “gel-like” can be 
used interchangeably. 
[0077] The term “excipient” herein means any substance, 
not itself a therapeutic agent, Which may be used in a com 
position for delivery of an active therapeutic agent to a subject 
or combined With an active therapeutic agent (e.g., to create a 
pharmaceutical composition) to improve its handling or stor 
age properties or to permit or facilitate formation of a dose 
unit of the composition (e.g., formation of a hydrogel Which 
may then be optionally incorporated into a patch). Excipients 
include, by Way of illustration and not limitation, binders, 
disintegrants, taste enhancers, solvents, thickening or gelling 
agents (and any neutraliZing agents, if neces sary), penetration 
enhancers, solubiliZing agents, Wetting agents, antioxidants, 
lubricants, emollients, substances added to mask or counter 
act a disagreeable odor, fragrances or taste, substances added 
to improve appearance or texture of the composition and 
substances used to form hydrogels. Any such excipients can 
be used in any dosage forms according to the present disclo 
sure. The foregoing classes of excipients are not meant to be 
exhaustive but merely illustrative as a person of ordinary skill 
in the art Would recogniZe that additional types and combi 
nations of excipients could be used to achieve the desired 
goals for delivery of the cannabinoid (e.g., cannabidiol) or 
cannabinoid prodrug (e.g., a cannabidiol prodrug). 
[0078] The pharmaceutical compositions described herein 
are suitable for transdermal or topical administration. In one 
embodiment, the microneedle transdermal or topical drug 
delivery system comprises a microneedle array and a phar 
maceutical composition, Wherein the pharmaceutical compo 
sition comprises a cannabinoid (e.g., cannabidiol) or a can 
nabinoid prodrug (e.g., a cannabidiol prodrug) Which has 
been optionally incorporated into a hydrogel. In further 
embodiments, the pharmaceutical composition may com 
prise a COX inhibitor Which has been optionally incorporated 
into a hydrogel. In further embodiments, the pharmaceutical 
composition may optionally further comprise on or more 
pharmaceutically acceptable excipients such as solvents, co 
solvents, thickening agents, neutraliZers, solubiliZing agents, 
Wetting agents, penetration enhancers, lubricants, emollients, 
antioxidants, substances added to mask or counteract a dis 
agreeable odor, fragrances or tastes, and substances added to 
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improve appearance or texture of the composition. In a further 
embodiment, the pharmaceutical composition can be part of, 
or incorporated into, a hydrogel. 
[0079] COX Inhibitors 
[0080] It has been found that certain compounds can be 
administered to mammals to prevent or reduce prostaglandin 
biosynthesis in mammals by inhibiting the production of 
prostaglandin G/H synthase Which is also known as 
cyclooxygenase or COX. There are tWo forms of cyclooxy 
genase, cyclooxygenase-1 (COX-1) and cyclooxygenase-2 
(COX-2). As used herein, the term “COX inhibitor” includes 
those compounds Which (i) primarily or exclusively inhibit 
the COX-1 enZyme; (ii) primarily or exclusively inhibit the 
COX-2 enzyme; and (iii) those compounds Which inhibit both 
the COX-1 and COX-2 enZymes (i.e., non-speci?c inhibi 
tors). COX-1, COX-2 and non-speci?c COX inhibitors are 
each suitable for use in the compositions, drug delivery sys 
tems and methods described herein. 
[0081] Examples of COX inhibitors suitable for use in the 
various embodiments described herein include: aspirin, 
di?unisal, olsalaZine, salsalate, sulfasalaZine, acetami 
nophen, indomethacin, sulindac, etodolac, mefenamic acid, 
meclofenamate, ?ufenamic acid, tolmetin, ketorolac, 
diclofenac, ibuprofen, naproxen, fenoprofen, ketoprofen, 
?urbiprofen, oxaproZin, piroxicam, meloxicam, nabumetone, 
celecoxib, valdecoxib, rofecoxib, parecoxib, etoricoxib, 
lumiracoxib, valdecoxib, nimesulide, mofeZolac, SC-560, 
FR122047, and DuP-697. Additional COX inhibitors can be 
found in Merck Index, Thirteenth Ed., The Physicians Desk 
Reference, 58”’ Ed., and Goodman and Gilmans, “The Phar 
macological Basis of Therapeutics, 11th Ed. 
[0082] Pharmaceutically acceptable forms of a COX 
inhibitor include those Which are suitable for transdermal or 
topical administration to a mammal. The COX inhibitors 
described herein may be in any form suitable for administra 
tion to a mammal, such as in the form of a free base, free acid, 
salt, ester, hydrate, anhydrate, enantiomer, isomer, tautomer, 
polymorph, derivative, or the like. 
[0083] Pharmaceutically acceptable salts of a COX inhibi 
tor include salts suitable for administration to a mammal and 
includes those prepared from formic, acetic, propionic, suc 
cinic, glycolic, gluconic, lactic, malic, tartaric, citric, ascor 
bic, glucuronic, maleic, fumaric, pyruvic, aspartic, glutamic, 
benZoic, anthranilic, mesylic, stearic, salicylic, p-hydroxy 
benZoic, phenylacetic, mandelic, embonic, methanesulfonic, 
ethanesulfonic, benZenesulfonic, pantothenic, toluene 
sulfonic, 2-hydroxyethanesulfonic, sulfanilic, cyclohexy 
laminosulfonic, beta-hydroxybutyric, galactaric and galactu 
ronic acids. The following list of pharmaceutically acceptable 
salts is not meant to be exhaustive but merely illustrative as a 
person of ordinary skill in the art Would appreciate that other 
pharmaceutically acceptable salts of a COX inhibitor may be 
prepared. 
[0084] In one embodiment, acid addition salts can be pre 
pared from the free base forms through a reaction of the free 
base With a suitable acid. Suitable acids for preparing acid 
addition salts of COX inhibitors include both organic acids, 
e.g., acetic acid, propionic acid, glycolic acid, pyruvic acid, 
oxalic acid, malic acid, malonic acid, succinic acid, maleic 
acid, fumaric acid, tartaric acid, citric acid, benZoic acid, 
cinnamic acid, mandelic acid, methanesulfonic acid, ethane 
sulfonic acid, p-toluenesulfonic acid, salicylic acid, and the 
like, as Well as inorganic acids, e. g., hydrochloric acid, hydro 
bromic acid, sulfuric acid, nitric acid, phosphoric acid, and 

Mar. 3, 2011 

the like. The folloWing list of organic and inorganic acids is 
not meant to be exhaustive but merely illustrative as a person 
of ordinary skill in the art Would appreciate that other acids 
may be used to create pharmaceutically acceptable salts of a 
COX inhibitor. In other embodiments, an acid addition salt is 
reconverted to the free base by treatment With a suitable base. 
In still other embodiments, the basic salts are alkali metal 
salts, e.g., sodium salt. 
[0085] One embodiment described herein is a microneedle 
transdermal or topical drug delivery system, Which includes a 
pharmaceutical composition comprising a cannabinoid (e. g., 
cannabidiol) or a cannabinoid prodrug (e. g., a prodrug of 
cannabidiol), and a ?rst COX inhibitor, and a microneedle 
array Which is arranged to penetrate the skin of a mammal in 
need of for transdermal or topical delivery of the cannabinoid 
to treat a medical condition. In other embodiments, the COX 
inhibitor is a COX-1 inhibitor. In a further embodiment, the 
COX inhibitor is a COX-2 inhibitor. In another embodiment, 
the COX inhibitor is both a COX-1 and a COX-2 inhibitor 

(i.e., a non-speci?c COX inhibitor). In a further embodiment, 
the COX inhibitor can be in any pharmaceutically acceptable 
form (e.g., salts, esters, prodrugs, etc.). The use of a COX 
inhibitor in conjunction With microneedles is described in 
Us. patent application Ser. No. 12/325,919 Which is incor 
porated by reference in its entirety. 
[0086] Penetration Enhancers and Co-Solvents 
[0087] In one embodiment, the pharmaceutical composi 
tion may comprise one or more penetration enhancing agent 
or co-solvent for transdermal or topical delivery. A penetra 
tion enhancer is an excipient that aids in the diffusion of the 
active through the stratum corneum. Many penetration 
enhancers also function as co-solvents Which are thought to 
increase the thermodynamic activity or solubility of the can 
nabinoid in the composition and enhance drug delivery 
through the microneedle-created holes or pores. Penetration 
enhancers are also knoWn as accelerants, adjuvants or sorp 
tion promoters. A suitable penetration enhancer for use in the 
pharmaceutical compositions and methods described herein 
should: (i) be highly potent, With a speci?c mechanism of 
action; (ii) exhibit a rapid onset upon administration; (iii) 
have a predictable duration of action; (iv) have only non 
permanent or reversible effects on the skin; (v) be chemically 
stable; (vi) have no or minimal pharmacological effects; (vii) 
be physically and chemically compatible With other compo 
sition components; (viii) be odorless; (ix) be colorless; (x) be 
hypoallergenic; (xi) be non-irritating; (xii) be non-photo 
toxic; (xiii) be non-comedogenic; (xiv) have a solubility 
parameter approximating that of the skin (10.5 cal/cm3); (xv) 
be readily available; (xvi) be inexpensive; and (xvii) be able to 
formulated in pharmaceutical compositions for topical or 
transdermal delivery of an active pharmaceutical agent. 
[0088] Several classes of chemical compounds, With vari 
ous mechanisms of action, can be used as penetration enhanc 
ers. Set forth beloW are non-limiting examples of penetration 
enhancing agents, many of Which are also suitable co-sol 
vents. Sulfoxides, such as dimethylsulfoxide and decylmeth 
ylsulfoxide can be used as penetration enhancing agents. 
Dimethylsulfoxide enhances penetration in part by increasing 
lipid ?uidity and promoting drug partitioning. In contrast, 
decylmethylsulfoxide enhances penetration by reacting With 
proteins in the skin that change the conformation of the pro 
teins, Which results in the creation of aqueous channels. 
[0089] Another class of a penetration enhancers are 
alkanones, such as N-heptane, N-octane, N-nonane, N-de 
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cane, N-undecane, N-dodecane, N-tridecane, N-tetradecane 
and N-hexadecane. Alkanones are thought to enhance the 
penetration of an active agent by altering the stratum cor 
neum. A further class of penetration enhancers are alkanol 

alcohols, such as ethanol, propanol, butanol, 2-butanol, pen 
tanol, 2-pentanol, hexanol, octanol, nonanol, decanol and 
benZyl alcohol. LoW molecular Weight alkanol alcohols, i.e., 
those With 6 or less carbons, may enhance penetration in part 
by acting as solubiliZing agents, While more hydrophobic 
alcohols may increase diffusion by extracting lipids from the 
stratum corneum. A further class of penetration enhancers are 
fatty alcohols, such as oleyl alcohol, caprylic alcohol, decyl 
alcohol, lauryl alcohol, 2-lauryl alcohol, myristyl alcohol, 
cetyl alcohol, stearyl alcohol, oleyl alcohol, linoleyl alcohol 
and linolenyl alcohol. Polyols, including propylene glycol, 
polyethylene glycol, ethylene glycol, diethylene glycol, tri 
ethylene glycol, dipropylene glycol, glycerol, propanediol, 
butanediol, pentanediol, hexanetriol, propylene glycol mono 
laurate and diethylene glycol monomethyl ether (transcutol), 
can also enhance penetration. Some polyols, such as propy 
lene glycol, may function as a penetration enhancer by sol 
vating alpha-ker‘tin and occupying hydrogen bonding sites, 
thereby reducing the amount of active-tissue binding. 
[0090] Another class of penetration enhancers are amides, 
including urea, dimethylacetamide, diethyltoluamide, dim 
ethylformamide, dimethyloctamide, dimethyldecamide and 
biodegradable cyclic urea (e.g., 1-alkyl-4-imidaZolin-2-one). 
Amides have various mechanisms of enhancing penetration. 
For example, some amides, such as urea increase the hydra 
tion of the stratum corneum, act as a keratolytic and create 
hydrophilic diffusion channels. In contrast, other amides, 
such as dimethylacetamide and dimethylformamide, increase 
the partition to keratin at loW concentrations, While increasing 
lipid ?uidity and disrupting lipid packaging at higher concen 
trations. Another class of penetration enhancing agents are 
pyrrolidone derivatives, such as 1-methyl-2-pyrrolidone, 
2-pyrrolidone, 1-lauryl-2-pyrrolidone, 1-methyl-4-carboxy 
2-pyrrolidone, 1-hexyl-4-carboxy-2-pyrrolidone, 1-lauryl-4 
carboxy-2-pyrrolidone, 1-methyl-4-methoxycarbonyl-2-pyr 
rolidone, 1 -hexyl-4-methoxycarbonyl-2-pyrrolidone, 
1-lauryl-4-methoxycarbonyl-2-pyrrolidone, N-methyl-pyr 
rolidone, N-cyclohexylpyrrolidone, N-dimethylaminopro 
pyl-pyrrolidone, N-cocoalkypyrrolidone and N-talloWalky 
pyrrolidone, as Well as biodegradable pyrrolidone 
derivatives, including fatty acid esters of N-(2-hydroxy 
ethyl)-2-pyrrolidone. In part, pyrrolidone derivatives 
enhance penetration through interactions With the keratin in 
the stratum comeum and lipids in the skin structure. An 
additional class of penetration enhancers are cyclic amides, 
including 1-dodecylaZacycloheptane-2-one (“AZone”), 
1 -geranylaZacycloheptan-2-one, 1-farnesylaZacycloheptan 
2-one, 1-geranylgeranylaZacycloheptan-2-one, 1-(3,7-dim 
ethyloctyl)-aZacycloheptan-2-one, 1-(3,7,1 l-trimethyldode 
cyl)aZacyclohaptan-2-one, 1-geranylaZacyclohexane-2-one, 
1-geranylaZacyclopentan-2,5-dione and 1-farnesylaZacyclo 
pentan-2-one. Cyclic amides, such as AZone, enhance the 
penetration of active agents in part by affecting the stratum 
corneum’s lipid structure, increasing partitioning and 
increasing membrane ?uidity. Additional classes of penetra 
tion enhancers include diethanolamine, triethanolamine and 
hexamethylenlauramide and its derivatives. 
[0091] Additional penetration enhancers include linear 
fatty acids, such as octanoic acid, linoleic acid, valeric acid, 
heptanoic acid, pelagonic acid, caproic acid, capric acid, lau 
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ric acid, myristric acid, stearic acid, oleic acid and caprylic 
acid. Linear fatty acids enhance penetration in part via selec 
tive perturbation of the intercellular lipid bilayers. In addi 
tion, some linear fatty acids, such as oleic acid, enhance 
penetration by decreasing the phase transition temperatures 
of the lipid, thereby increasing motional freedom or ?uidity 
of the lipids. Branched fatty acids, including isovaleric acid, 
neopentanoic acid, neoheptanoic acid, nonanoic acid, trim 
ethyl hexaonic acid, neodecanoic acid and isostearic acid, are 
a further class of penetration enhancers.An additional class of 
penetration enhancers are aliphatic fatty acid esters, such as 
ethyl oleate, isopropyl n-butyrate, isopropyl n-hexanoate, 
isopropyl n-decanoate, isopropyl myristate (“IPM”), isopro 
pyl palmitate and octyldodecyl myristate. Aliphatic fatty acid 
esters enhance penetration by increasing diffusivity in the 
stratum comeum and/or the partition coef?cient. In addition, 
certain aliphatic fatty acid esters, such as IPM, enhance pen 
etration by directly acting on the stratum comeum and per 
meating into the liposome bilayers thereby increasing ?uid 
ity. Alkyl fatty acid esters, such as ethyl acetate, butyl acetate, 
methyl acetate, methyl valerate, methyl propionate, diethyl 
sebacate, ethyl oleate, butyl stearate and methyl laurate, can 
act as penetration enhancers. Alkyl fatty acid esters enhance 
penetration in part by increasing the lipid ?uidity. 
[0092] An additional class of penetration enhancers are 
anionic surfactants, including sodium laurate, sodium lauryl 
sulfate and sodium octyl sulfate. Anionic surfactants enhance 
penetration of active agents by altering the barrier function of 
the stratum corneum and alloWing removal of Water-soluble 
agents that normally act as plasticiZers. A further class of 
penetration enhancers are cationic surfactants, such as cetyl 
trimethylammonium bromide, tetradecyltrimethylammo 
nium, octyltrimethyl ammonium bromide, benZalkonium 
chloride, octadecyltrimethylammonium chloride, cetylpyri 
dinium chloride, dodecyltrimethylammonium chloride and 
hexadecyltrimethylammonium chloride. Cationic surfactants 
enhance penetration by adsorbing at, and interacting With, 
interfaces of biological membranes, resulting in skin damage. 
A further class of penetration enhancers are ZWitterionic sur 
factants, such as hexadecyl trimethyl ammoniopropane sul 
fonate, oleyl betaine, cocamidopropyl hydroxysultaine and 
cocamidopropyl betaine. Nonionic surfactants, including 
Polyxamer(231, 182, 184), Polysorbate (20, 60), Brij (30, 93, 
96, 99), Span (20, 40, 60, 80, 85), TWeen (20, 40, 60, 80), Myrj 
(45, 51, 52) and Miglyol 840, are yet another class of pen 
etration enhancing agents. Nonionic surfactants enhance pen 
etration in part by emulsifying the sebum and enhancing the 
thermodynamic activity or solubility of the active. 
[0093] Another class of penetration enhancer increase the 
thermodynamic activity or solubility of the active, Which 
include, but are not limited to, n-octanol, sodium oleate, 
D-limonene, monoolein, cineol, oleyl oleate, and isopropryl 
myristate. 
[0094] Further penetration enhancers are bile salts, such as 
sodium cholate, sodium salts of taurocholic acid, glycolic 
acids and desoxycholic acids. Lecithin also has been found to 
have penetration enhancing characteristics. An additional 
class of penetration enhancers are terpenes, Which include 
hydrocarbons, such as d-limonene, alpha-pinene and beta 
carene; alcohols, such as, alpha-terpineol, terpinen-4-ol and 
carvol; ketones, such ascarvone, pulegone, piperitone and 
menthone; oxides, such as cyclohexene oxide, limonene 
oxide, alpha-pinene oxide, cyclopentene oxide and 1,8-cin 
eole; and oils such as ylang ylang, anise, chenopodium and 
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eucalyptus. Terpenes enhance penetration in part by disrupt 
ing the intercellular lipid bilayer to increase diffusivity of the 
active and opening polar pathWays Within and across the 
stratum corneum. Organic acids, such as salicylic acid and 
salicylates (including their methyl, ethyl and propyl glycol 
derivates), citric acid and succinic acid, are penetration 
enhancers. Another class of penetration enhancers are cyclo 
dextrins, including 2-hydroxypropyl-beta-cyclodextrin and 
2,6-dimethyl-beta-cyclodextrin. Cyclodextrins enhance the 
permeation of active agents by forming inclusion complexes 
With lipophilic actives and increasing their solubility in aque 
ous solutions. 

[0095] Additional penetrations enhancers include, but are 
not limited to: alkyl-2-(N,N-disubstituted amino)-alkanoate 
ester (NexAct®); 2-(n-nonyl)-1,3-dioxolane (SEPA®); 
di(loWer)alkyl esters of diacids (e.g., diisopropyl adipate); 
monoglyceride fatty acids (e.g., glyceryl monolaurate); tet 
rahydrofurfuryl alcohol; 2-(2-ethoxyethoxy)ethanol; alky 
laryl ethers of polyethylene oxide; polyethylene oxide 
monomethyl ethers; polyethylene oxide dimethyl ethers; 
acetoacetic ester; oleoyl macrogolglyceride; caprylocaproyl 
macrogolylyceride; polyoxyethylene 6 caprylic triglyceride; 
polyoxyethylene glyceride; PPG-5 ceteth-20; lauroyl macro 
glyceride oleic acid. Additional penetration enhancers suit 
able for use can also be found in Us. patent application Ser. 
No. 10/032,163, Which is incorporated by reference herein. 
[0096] In one embodiment, the penetration enhancer Would 
be (i) one or more co-solvents that increase the solubility of 
the cannabinoid (e.g., cannabidiol) or cannabinoid prodrug 
(e.g., a cannabidiol prodrug) but do not increase viscosity 
and/ or (ii) compounds that increase blood How to the micron 
eedle treatment site (vasodilators). 
[0097] Co-solvents include the penetration enhancers as 
described above. Further, co-solvent suitable for use include, 
but are not limited to, surfactants Which can be found in Us. 
Pat. No. 6,248,3 63, Which is incorporated herein by reference 
in its entirety. 
[0098] The penetration enhancing agent(s) and/or co-sol 
vent(s) is/are present in an amount su?icient to provide the 
desired level of drug transport through the stratum comeum 
and epidermis or to increase the thermodynamic activity or 
solubility of the cannabinoid. lllustratively, one or more phar 
maceutically acceptable penetration enhancer and/or co-sol 
vent is present in a total amount by Weight of about 0.1%, 
about 0.2%, about 0.3%, about 0.4%, about 0.5%, about 
0.6%, about 0.7%, about 0.8%, about 0.9%, about 1.0%, 
about 1.1%, about 1.2%, about 1.3%, about 1.4%, about 
1.5%, about 1.6%, about 1.7%, about 1.8%, about 1.9%, 
about 2.0%, about 2.1%, about 2.2%, about 2.3%, about 
2.4%, about 2.5%, about 2.6%, about 2.7%, about 2.8%, 
about 2.9%, about 3.0%, about 3.1%, about 3.2%, about 
3.3%, about 3.4%, about 3.5%, about 3.6%, about 3.7%, 
about 3.8%, about 3.9%, about 4.0%, about 4.1%, about 
4.2%, about 4.3%, about 4.4%, about 4.5%, about 4.6%, 
about 4.7%, about 4.8%, about 4.9%, about 5.0%, about 
5.1%, about 5.2%, about 5.3%, about 5.4%, about 5.5%, 
about 5.6%, about 5.7%, about 5.8%, about 5.9%, about 
6.0%, about 6.1%, about 6.2%, about 6.3%, about 6.4%, 
about 6.5%, about 6.6%, about 6.7%, about 6.8%, about 
6.9%, about 7.0%, about 7.1%, about 7.2%, about 7.3%, 
about 7.4%, about 7.5%, about 7.6%, about 7.7%, about 
7.8%, about 7.9%, about 8.0%, about 8.1%, about 8.2%, 
about 8.3%, about 8.4%, about 8.5%, about 8.6%, about 
8.7%, about 8.8%, about 8.9%, about 9.0%, about 9.1%, 
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about 9.2%, about 9.3%, about 9.4%, about 9.5%, about 
9.6%, about 9.7%, about 9.8%, about 9.9% or about 10%, 
about 11%, about 12%, about 13%, about 14%, about 15%, 
about 16%, about 17%, about 18%, about 19%, about 20%, 
about 21%, about 22%, about 23%, about 24%, about 25%, 
about 26%, about 27%, about 28%, about 29%, about 30%, 
about 31%, about 32%, about 33%, about 34%, about 35%, 
about 36%, about 37%, about 38%, about 39%, about 40%, 
about 41%, about 42%, about 43%, about 44%, about 45%, 
about 46%, about 47%, about 48%, about 49%, about 50%, 
about 51%, about 52%, about 53%, about 54%, about 55%, 
about 56%, about 57%, about 58%, about 59%, about 60%, 
about 61%, about 62%, about 63%, about 64%, about 65%, 
about 66%, about 67%, about 68%, about 69%, about 70%, 
about 71%, about 72%, about 73%, about 74%, about 75%, 
about 76%, about 77%, about 78%, about 79%, about 80%, 
about 81%, about 82%, about 83%, about 84%, about 85%, 
about 86%, about 87%, about 88%, about 89%, about 90%, 
about 91%, about 92%, about 93%, about 94%, or about 95%. 
[0099] As a further illustration, one or more pharmaceuti 
cally acceptable penetration enhancer and/or co-solvent is 
present in atotal amount by Weight of about 1% to about 95%; 
about 5% to about 95%; about 10% to about 95%; about 15% 
to about 95%; about 20% to about 95%; about 25% to about 
95%; about 30% to about 95%; about 35% to about 95%; 
about 40% to about 95%; about 45% to about 95%; about 
50% to about 95%; about 55% to about 95%; about 60% to 
about 95%; about 65% to about 95%; about 70% to about 
95%; about 75% to about 95%; about 80% to about 95%; 
about 85% to about 95%; about 90% to about 95%; about 1% 
to about 90%; about 5% to about 90%; about 10% to about 
90%; about 15% to about 90%; about 20% to about 90%; 
about 25% to about 90%; about 30% to about 90%; about 
35% to about 90%; about 40% to about 90%; about 45% to 
about 90%; about 50% to about 90%; about 55% to about 
90%; about 60% to about 90%; about 65% to about 90%; 
about 70% to about 90%; about 75% to about 90%; about 
80% to about 90%; about 85% to about 90%; about 1% to 
about 85%; about 5% to about 85%; about 10% to about 85%; 
about 15% to about 85%; about 20% to about 85%; about 
25% to about 85%; about 30% to about 85%; about 35% to 
about 85%; about 40% to about 85%; about 45% to about 
85%; about 50% to about 85%; about 55% to about 85%; 
about 60% to about 85%; about 65% to about 85%; about 
70% to about 85%; about 75% to about 85%; about 80% to 
about 85%; about 1% to about 80%; about 5% to about 80%; 
about 10% to about 80%; about 15% to about 80%; about 
20% to about 80%; about 25% to about 80%; about 30% to 
about 80%; about 35% to about 80%; about 40% to about 
80%; about 45% to about 80%; about 50% to about 80%; 
about 55% to about 80%; about 60% to about 80%; about 
65% to about 80%; about 70% to about 80%; about 75% to 
about 80%; about 1% to about 75%; about 5% to about 75%; 
about 10% to about 75%; about 15% to about 75%; about 
20% to about 75%; about 25% to about 75%; about 30% to 
about 75%; about 35% to about 75%; about 40% to about 
75%; about 45% to about 75%; about 50% to about 75%; 
about 55% to about 75%; about 60% to about 75%; about 
65% to about 75%; about 70% to about 75%; about 1% to 
about 70%; about 5% to about 70%; about 10% to about 70%; 
about 15% to about 70%; about 20% to about 70%; about 
25% to about 70%; about 30% to about 70%; about 35% to 
about 70%; about 40% to about 70%; about 45% to about 
70%; about 50% to about 70%; about 55% to about 70%; 
about 60% to about 70%; about 65% to about 70%; about 1% 
to about 65%; about 5% to about 65%; about 10% to about 
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65%; about 15% to about 65%; about 20% to about 65%; 
about 25% to about 65%; about 30% to about 65%; about 
35% to about 65%; about 40% to about 65%; about 45% to 
about 65%; about 50% to about 65%; about 55% to about 
65%; about 60% to about 65%; about 1% to about 60%; about 
5% to about 60%; about 10% to about 60%; about 15% to 
about 60%; about 20% to about 60%; about 25% to about 
60%; about 30% to about 60%; about 35% to about 60%; 
about 40% to about 60%; about 45% to about 60%; about 
50% to about 60%; about 55% to about 60%; about 1% to 
about 55%; about 5% to about 55%; about 10% to about 55%; 
about 15% to about 55%; about 20% to about 55%; about 
25% to about 55%; about 30% to about 55%; about 35% to 
about 55%; about 40% to about 55%; about 45% to about 
55%; about 50% to about 55%; about 1% to about 50%; about 
5% to about 50%; about 10% to about 50%; about 15% to 
about 50%; about 20% to about 50%; about 25% to about 
50%; about 30% to about 50%; about 35% to about 50%; 
about 40% to about 50%; about 45% to about 50%; about 1% 
to about 45%; about 5% to about 45%; about 10% to about 
45%; about 15% to about 45%; about 20% to about 45%; 
about 25% to about 45%; about 30% to about 45%; about 
35% to about 45%; about 40% to about 45%; about 1% to 
about 40%; about 5% to about 40%; about 10% to about 40%; 
about 15% to about 40%; about 20% to about 40%; about 
25% to about 40%; about 30% to about 40%; about 35% to 
about 40%; about 1% to about 35%; about 5% to about 35%; 
about 10% to about 35%; about 15% to about 35%; about 
20% to about 35%; about 25% to about 35%; about 30% to 
about 35%; about 1% to about 30%; about 5% to about 30%; 
about 10% to about 30%; about 15% to about 30%; about 
20% to about 30%; about 25% to about 30%; about 1% to 
about 25%; about 5% to about 25%; about 10% to about 25%; 
about 15% to about 25%; about 20% to about 25%; about 1% 
to about 20%; about 5% to about 20%; about 10% to about 
20%; about 15% to about 20%; about 1% to about 15%; about 
5% to about 15%; or about 10% to about 15%; about 1% to 
about 10%; about 2% to about 10%; about 3% to about 10%; 
about 4% to about 10%; about 5% to about 10%; about 6% to 
about 10%; about 7% to about 10%; about 8% to about 10%; 
about 9% to about 10%; about 1% to about 9%; about 2% to 
about 9%; about 3% to about 9%; about 4% to about 9%; 
about 5% to about 9%; about 6% to about 9%; about 7% to 
about 9%; about 8% to about 9%; about 1% to about 8%; 
about 2% to about 8%; about 3% to about 8%; about 4% to 
about 8%; about 5% to about 8%; about 6% to about 8%; 
about 7% to about 8%; about 1% to about 7%; about 2% to 
about 7%; about 3% to about 7%; about 4% to about 7%; 
about 5% to about 7%; about 6% to about 7%; about 1% to 
about 6%; about 2% to about 6%; about 3% to about 6%; 
about 4% to about 6%; about 5% to about 6%; about 1% to 
about 5%; about 2% to about 5%; about 3% to about 5%; 
about 4% to about 5%; about 1% to about 4%; about 2% to 
about 4%; about 3% to about 4%; about 1% to about 3%; 
about 2% to about 3%; or about 1% to about 2%. 
[0100] In an alternate embodiment, the Weight percentage 
or Weight percent range of penetration enhancer (i.e., co 
solvent) is determined as a percentage of the total Weight of 
the hydrogel. 
[0101] Thickening or Gelling Agents and Related Excipi 
ents 

[0102] In one embodiment, the pharmaceutical composi 
tion may comprise a thickening or gelling agent suitable for 
use in the compositions and methods described herein to 
increase the viscosity of the composition. Non-limiting 
examples of thickening agents (aka gelling agents), Which 
may be used to create the composition or be present in the 
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composition herein include neutralized anionic polymers or 
neutralized carbomers, such as polyacrylic acid (CAR 
BOPOL® by Noveon, Inc., Cleveland, Ohio) (see informa 
tion at http://WWW.nuven.com, incorporated by reference 
herein), carboxypolymethylene, carboxymethylcellulose and 
the like, including derivatives of Carbopol® polymers, such 
as Carbopol® Ultrez 10, Carbopol® 940, Carbopol® 941, 
Carbopol® 954, Carbopol® 980, Carbopol® 981, Car 
bopol® ETD 2001, Carbopol® EZ-2 and Carbopol® EZ-3. 
As used herein, a “neutralized carbomer” is a synthetic, high 
molecular Weight polymer, composed primarily of a neutral 
ized polyacrylic acid. Further, When a base is added to neu 
tralize a carbomer solution, the viscosity of the solution 
increases. Also suitable are other knoWn polymeric thicken 
ing agents, such as Pemulen® polymeric emulsi?ers, 
Noveon® polycarbophils, and Klucel®. Additional thicken 
ing agents, enhancers and adjuvants may generally be found 
in Remington’s The Science and Practice of Pharmacy as Well 
as the Handbook of Pharmaceutical Excipients, Arthur H. 
Kibbe ed. 2000. Thickening agents or gelling agents are 
present in an amount suf?cient to provide the desired rheo 
logical properties of the composition, Which include having a 
suf?cient viscosity for forming a gel or gel-like composition 
that can be applied to the skin of a mammal. 

[0103] Illustratively, one or more pharmaceutically accept 
able thickening agent or gelling agent is present in a total 
amount by Weight of about 0.1%, about 0.25%, about 0.5%, 
about 0.75%, about 1%, about 1.25%, about 1.5%, about 
1.75%, about 2.0%, about 2.25%, about 2.5%, about 2.75%, 
about 3.0%, about 3.25%, about 3.5%, about 3.75%, about 
4.0%, about 4.25%, about 4.5%, about 4.75%, about 5.0%, 
about 5.25%, about 5.5%, about 5.75%, about 6.0%, about 
6.25%, about 6.5%, about 6.75%, about 7.0%, about 7.25%, 
about 7.5%, about 7.75%, about 8.0%, about 8.25%, about 
8.5%, about 8.75%, about 9.0%, about 9.25%, about 9.5%, 
about 9.75%, about 10%, about 11%, about 11.5%, about 
12%, about 12.5%, about 13%, about 13.5%, about 14%, 
about 14.5% or about 15%. As a further illustration, one or 
more pharmaceutically acceptable thickening or gelling 
agent is present in a total amount by Weight of about 0.1% to 
about 15.0%; about 0.5% to about 5.0%; or about 1.0% to 
about 3.0%. 

[0104] In another embodiment, the pharmaceutical compo 
sition contains an anionic polymer thickening agent precur 
sor, such as a carbomer, Which has been combined With a 
neutralizer in an amount su?icient to form a gel or gel-like 
composition With a viscosity greater than 1000 cps as mea 
sured by a Brook?eld RV DVII+ Viscometer With spindle 
CPE-52, torque greater than 10% and the temperature main 
tained at 250 C. 

[0105] In yet a further embodiment, the pharmaceutical 
composition contains an anionic polymer thickening agent 
precursor, such as a carbomer, Which has been combined With 
a neutralizer selected from the group consisting of: sodium 
hydroxide, ammonium hydroxide, potassium hydroxide, 
arginine, aminomethyl propanol, tetrahydroxypropyl ethyl 
enediamine, triethanolamine (“TEA”), tromethamine, PEG 
15 cocamine, diisopropanolamine, and triisopropanolamine, 
or combinations thereof in an amount su?icient to neutralize 
the anionic polymer thickening agent precursor to form a gel 
or gel-like composition in the course of forming the compo 
sition. Suitable neutralizing agents and their use With selected 
anionic polymer thickening agent precursors are disclosed in 
“Neutralizing Carbopol® and Pemulen® Polymers in Aque 
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ous and Hydroalcoholic Systems,” Commercial Brochure 
TDS-237 (October 1998) by Noveon Inc. of Cleveland, Ohio, 
incorporated by reference herein. 
[0106] In yet a further embodiment, the pharmaceutical 
composition contains an anionic polymer thickening agent 
precursor, such as a carbomer, Which has been combined With 
a neutraliZer Which is an aqueous solution of sodium hydrox 
ide, such as 0.01 N, 0.02 N, 0.025 N, 0.05 N, 0.075 N, 0.1 N 
sodium hydroxide, or 1.5 N sodium hydroxide, or 2.0 N 
sodium hydroxide or any other convenient strength aqueous 
solution in an amount su?icient to adequately neutraliZe the 
polyacrylic acid and form a gel or gel-like composition. In 
one embodiment, the composition Was prepared using from 
about 1.0% to about 10.0% 0.025N sodium hydroxide. 
Accordingly, embodiments employing any percentage from 
about 1.0% to about 10.0% 0.025 N NaOH may be used, such 
as, e.g., 1.0%, 2.0%, 3.0%, 4.0%, 5.0%, 6.0%, 7.0%, 8.0%, 
9.0% or 10% 0.025 N NaOH. 

[0107] In an embodiment, the viscosity of a pharmaceutical 
composition described herein is about 1,000 cps to about 
100,000 cps. Accordingly, the viscosity of the compositions 
described and disclosed herein may be any amount from 
about 1,000 cps to about 100,000 cps, such as, e.g., about 
1,000, about 2,000, about 3,000, about 4,000, about 5,000, 
about 6,000, about 7,000, about 8,000, about 9,000, about 
10,000, about 11,000, about 12,000, about 13,000, about 
14,000, about 15,000, about 16,000, about 17,000, about 
18,000, about 19,000, about 20,000, about 21,000, about 
22,000, about 23,000, about 24,000, about 25,000, about 
26,000, about 27,000, about 28,000, about 29,000, about 
30,000, about 31,000, about 32,000, about 33,000, about 
34,000, about 35,000, about 36,000, about 37,000, about 
38,000, about 39,000, about 40,000, about 41,000, about 
42,000, about 43,000, about 44,000, about 45,000, about 
46,000, about 47,000, about 48,000, about 49,000, about 
50,000, about 51,000, about 52,000, about 53,000, about 
54,000, about 55,000, about 56,000, about 57,000, about 
58,000, about 59,000, about 60,000, about 61,000, about 
62,000, about 63,000, about 64,000, about 65,000, about 
66,000, about 67,000, about 68,000, about 69,000, about 
70,000, about 71,000, about 72,000, about 73,000, about 
74,000, about 75,000, about 76,000, about 77,000, about 
78,000, about 79,000, about 80,000, about 81,000, about 
82,000, about 83,000, about 84,000, about 85,000, about 
86,000, about 87,000, about 88,000, about 89,000, about 
90,000, about 91,000, about 92,000, about 93,000, about 
94,000, about 95,000, about 96,000, about 97,000, about 
98,000, about 99,000, about 100,000 cps. 
[0108] In one embodiment, a neutraliZing agent is option 
ally used to assist in forming a pharmaceutical composition. 
Suitable neutraliZing agents include sodium hydroxide (e.g., 
as an aqueous mixture), potassium hydroxide (e.g., as an 
aqueous mixture), ammonium hydroxide (e.g., as an aqueous 
mixture), triethanolamine, tromethamine(2-amino 2-hy 
droxymethyl-1, 3 propanediol), aminomethyl propanol 
(AMP), tetrahydroxypropyl ethylene diamine, diisopropano 
lamine, Ethomeen C-25 (Armac Industrial Division), Di-2 
(ethylhexyl)amine (BASF-Wyandotte Corp., Intermediate 
Chemicals Division), triamylamine, Jeffamine D-1000 (Jef 
ferson Chemical Co.), b-Dimethylaminopropionitrite 
(American Cyanamid Co.), Armeen CD (Armac Industrial 
Division), Alamine 7D (Henkel Corporation), dodecylamine 
and morpholine. The neutraliZing agent is present in an 
amount suf?cient to increase viscosity and form a gel or 
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gel-like composition Which is suitable for contact With the 
skin of a mammal. Illustratively, one or more pharmaceuti 
cally acceptable neutraliZing agent is present in a total 
amount by Weight of about 0.001%, about 0.0015%, about 
0.01%, about 0.015%, about 0.1%, about 0.2%, about 0.3%, 
about 0.4%, about 0.5%, about 0.6%, about 0.7%, about 
0.8%, about 0.9%, about 1.0%, about 1.1%, about 1.2%, 
about 1.3%, about 1.4%, about 1.5%, about 1.6%, about 
1.7%, about 1.8%, about 1.9%, about 2.0%, about 2.1%, 
about 2.2%, about 2.3%, about 2.4%, about 2.5%, about 
2.6%, about 2.7%, about 2.8%, about 2.9%, about 3.0%, 
about 3.1%, about 3.2%, about 3.3%, about 3.4%, about 
3.5%, about 3.6%, about 3.7%, about 3.8%, about 3.9%, 
about 4.0%, about 4.1%, about 4.2%, about 4.3%, about 
4.4%, about 4.5%, about 4.6%, about 4.7%, about 4.8%, 
about 4.9%, about 5.0%, about 5.1%, about 5.2%, about 
5.3%, about 5.4%, about 5.5%, about 5.6%, about 5.7%, 
about 5.8%, about 5.9%, about 6.0%, about 6.1%, about 
6.2%, about 6.3%, about 6.4%, about 6.5%, about 6.6%, 
about 6.7%, about 6.8%, about 6.9%, about 7.0%.As a further 
illustration, one or more pharmaceutically acceptable neu 
traliZing agent is present in a total amount by Weight of about 
0.1% to about 7.0% or about 1.0% to about 5.0%. 

[0109] In one embodiment, a solution of sodium hydroxide 
is used, such as, e.g., 0.01 N, 0.02 N, 0.025 N, 0.05 N, 0.075 
N, 0.1 N sodium hydroxide solution, 0.2 N sodium hydroxide 
solution, 0.5 N sodium hydroxide solution, 1.0 N sodium 
hydroxide solution, 1.5 N sodium hydroxide solution, 2.0 N 
sodium hydroxide solution, 10.0 N sodium hydroxide solu 
tion, or any other suitable solution for providing a suf?cient 
amount of the aqueous sodium hydroxide to form the desired 
gel or gel-like composition. In one embodiment, the pharma 
ceutically acceptable composition results from combining a 
gelling agent With a neutraliZing agent such as about 1% to 
about 10% (Wt/Wt) 0.025 N sodium hydroxide, While in 
another embodiment about 0.1% to about 1% (Wt/Wt) 0.25 N 
sodium hydroxide is used. Of course, other suitable neutral 
iZing agents can be used as can other concentrations and 
amounts of aqueous sodium hydroxide so long as there is a 
suf?cient amount of OH- ions to assist in the formation of a 
gel or gel-like composition. 
[0110] Additional Excipients 
[0111] The pharmaceutical compositions described herein 
optionally comprise one or more pharmaceutically accept 
able Wetting agents as excipients. Non-limiting examples of 
surfactants that can be used as Wetting agents in compositions 
of the disclosure include quaternary ammonium compounds, 
for example benZalkonium chloride, benZethonium chloride 
and cetylpyridinium chloride; dioctyl sodium sulfosuccinate; 
polyoxyethylene alkylphenyl ethers, for example nonoxynol 
9, nonoxynol 10, and octoxynol 9; poloxamers (polyoxyeth 
ylene and polyoxypropylene block copolymers); polyoxyeth 
ylene fatty acid glycerides and oils, for example polyoxyeth 
ylene (8) caprylic/capric mono- and diglycerides (e.g., 
LabrasolTM of Gattefossé), polyoxyethylene (35) castor oil 
and polyoxyethylene (40) hydrogenated castor oil; polyoxy 
ethylene alkyl ethers, for example polyoxyethylene (20) ceto 
stearyl ether; polyoxyethylene fatty acid esters, for example 
polyoxyethylene (40) stearate; polyoxyethylene sorbitan 
esters, for example polysorbate 20 and polysorbate 80 (e.g., 
TWeenTM 80 of ICI); propylene glycol fatty acid esters, for 
example propylene glycol laurate (e.g., LauroglycolTM of 
Gattefosse); sodium lauryl sulfate, fatty acids and salts 
thereof, for example oleic acid, sodium oleate and triethano 
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lamine oleate; glyceryl fatty acid esters, for example glyceryl 
monostearate; sorbitan esters (e.g., sorbitan monolaurate, 
sorbitan monooleate, sorbitan monopalmitate and sorbitan 
monostearate); tyloxapol and mixtures thereof. Such Wetting 
agents, if present, constitute in total about 0.25% to about 
15%, about 0.4% to about 10%, or about 0.5% to about 5%, of 
the total Weight of the composition. Illustratively, one or more 
pharmaceutically acceptable Wetting agents are present in a 
total amount by Weight of about 0.25%, about 0.5%, about 
0.75%, about 1%, about 1.25%, about 1.5%, about 1.75%, 
about 2.0%, about 2.25%, about 2.5%, about 2.75%, about 
3.0%, about 3.25%, about 3.5%, about 3.75%, about 4.0%, 
about 4.25%, about 4.5%, about 4.75%, about 5.0%, about 
5.25%, about 5.5%, about 5.75%, about 6.0%, about 6.25%, 
about 6.5%, about 6.75%, about 7.0%, about 7.25%, about 
7.5%, about 7.75%, about 8.0%, about 8.25%, about 8.5%, 
about 8.75%, about 9.0%, about 9.25%, about 9.5%, about 
9.75% or about 10%. 

[0112] As used herein, a “solubility agent” or “solubiliZing 
agent” is any excipient Which is added to a pharmaceutical 
composition to increase the solubility of a solute. 

[0113] The pharmaceutical compositions described herein 
optionally comprise one or more pharmaceutically accept 
able lubricant, including an anti-adherent and/or a glidant. 
Suitable lubricants include, either individually or in combi 
nation, glyceryl behapate (e.g., CompritolTM 888); stearic 
acid and salts thereof, including magnesium (magnesium 
stearate), calcium and sodium stearates; hydrogenated veg 
etable oils (e.g., SterotexTM); colloidal silica; talc; Waxes; 
boric acid; sodium benZoate; sodium acetate; sodium fuma 
rate; sodium chloride; DL-leucine; polyethylene glycol 
(“PEG”) (e.g., CarboWaxTM 4000 and CarboWaxTM 6000); 
sodium oleate; sodium lauryl sulfate; and magnesium lauryl 
sulfate. Such lubricants, if present, constitute about 0.1% to 
about 10%, about 0.2% to about 8%, or about 0.25% to about 
5%, of the total Weight of the composition. Illustratively, one 
or more pharmaceutically acceptable lubricant is present in a 
total amount by Weight of about 0.1%, about 0.2%, about 
0.3%, about 0.4%, about 0.5%, about 0.6%, about 0.7%, 
about 0.8%, about 0.9%, about 1.0%, about 1.1%, about 
1.2%, about 1.3%, about 1.4%, about 1.5%, about 1.6%, 
about 1.7%, about 1.8%, about 1.9%, about 2.0%, about 
2.1%, about 2.2%, about 2.3%, about 2.4%, about 2.5%, 
about 2.6%, about 2.7%, about 2.8%, about 2.9%, about 
3.0%, about 3.1%, about 3.2%, about 3.3%, about 3.4%, 
about 3.5%, about 3.6%, about 3.7%, about 3.8%, about 
3.9%, about 4.0%, about 4.1%, about 4.2%, about 4.3%, 
about 4.4%, about 4.5%, about 4.6%, about 4.7%, about 
4.8%, about 4.9%, about 5.0%, about 5.1%, about 5.2%, 
about 5.3%, about 5.4%, about 5.5%, about 5.6%, about 
5.7%, about 5.8%, about 5.9%, about 6.0%, about 6.1%, 
about 6.2%, about 6.3%, about 6.4%, about 6.5%, about 
6.6%, about 6.7%, about 6.8%, about 6.9%, about 7.0%, 
about 7.1%, about 7.2%, about 7.3%, about 7.4%, about 
7.5%, about 7.6%, about 7.7%, about 7.8%, about 7.9%, 
about 8.0%, about 8.1%, about 8.2%, about 8.3%, about 
8.4%, about 8.5%, about 8.6%, about 8.7%, about 8.8%, 
about 8.9%, about 9.0%, about 9.1%, about 9.2%, about 
9.3%, about 9.4%, about 9.5%, about 9.6%, about 9.7%, 
about 9.8%, about 9.9% or about 10%. 

[01 14] In another embodiment, the pharmaceutical compo 
sitions described herein optionally comprise an emollient. 
Illustrative emollients include mineral oil, mixtures of min 
eral oil and lanolin alcohols, cetyl alcohol, cetostearyl alco 
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hol, petrolatum, petrolatum and lanolin alcohols, cetyl esters 
Wax, cholesterol, glycerin, glyceryl monostearate, isopropyl 
myristate, isopropyl palmitate, lecithin, allyl caproate, althea 
o?icinalis extract, arachidyl alcohol, argobase EUC, butylene 
glycol, dicaprylate/dicaprate, acacia, allantoin, carrageenan, 
cetyl dimethicone, cyclomethicone, diethyl succinate, dihy 
droabietyl behenate, dioctyl adipate, ethyl laurate, ethyl 
palmitate, ethyl stearate, isoamyl laurate, octanoate, PEG-75, 
lanolin, sorbitan laurate, Walnut oil, Wheat germ oil, super 
re?ned almond, super re?ned sesame, super re?ned soya 
bean, octyl palmitate, caprylic/capric triglyceride and glyc 
eryl cocoate. An emollient, if present, is present in the com 
positions described herein in an amount by Weight of the 
composition of about 1% to about 30%, about 3% to about 
25%, or about 5% to about 15%. Illustratively, one or more 
emollients are present in a total amount of about 1%, about 
2%, about 3%, about 4%, about 5%, about 6%, about 7%, 
about 8%, about 9%, about 10%, about 11%, about 12%, 
about 13%, about 14%, about 15%, about 16%, about 17%, 
about 18%, about 19%, about 20%, about 21%, about 22%, 
about 23%, about 24%, about 25%, about 26%, about 27%, 
about 28%, about 29%, or about 30%, by Weight. 
[0115] In one embodiment, the pharmaceutical composi 
tions described herein comprise an antioxidant. Illustrative 
antioxidants include citric acid, butylated hydroxytoluene 
(BHT), ascorbic acid, glutathione, retinol, ot-tocopherol, 
[3-carotene, ot-carotene, ubiquinone, butylated hydroxyani 
sole, ethylenediaminetetraacetic acid, selenium, Zinc, lignan, 
uric acid, lipoic acid, and N-acetylcysteine. An antioxidant, if 
present, is present in the compositions described herein in the 
amount of about less than 1% by Weight. Illustratively, one or 
more antioxidants are present in the total amount of about 
0.025%, about 0.05%, about 0.075%, about 0.1%, about 
0.125%, about 0.15%, about 0.175%, about 0.2%, about 
0.225%, about 0.25%, about 0.275%, about 0.3%, 0.325%, 
about 0.35%, 
about 0.45%, 
about 0.55%, 
about 0.65%, 
about 0.75%, 
about 0.85%, 

about 0.375%, 
about 0.475%, 
about 0.575%, 
about 0.675%, 
about 0.775%, 
about 0.875%, 

about 0.4%, 
about 0.5%, 
about 0.6%, 
about 0.7%, 
about 0.8%, 
about 0.9%, 

about 0.425%, 
about 0.525%, 
about 0.625%, 
about 0.725%, 
about 0.825%, 
about 0.925%, 

about 0.95%, about 0.975%, or about 1.0%, by Weight. As a 
further illustration, one or more antioxidants are present in the 
total amount by Weight of about 0.01% to about 1.0%; about 
0.05% to about 0.5% or about 0.05% to about 0.2%. 

[0116] In one embodiment, the pharmaceutical composi 
tions described herein comprise an antimicrobial preserva 
tive. Illustrative anti-microbial preservatives include acids, 
including but not limited to, benZoic acid, phenolic acid, 
sorbic acids, alcohols, benZethonium chloride, bronopol, 
butylparaben, cetrimide, chlorhexidine, chlorobutanol, chlo 
rocresol, cresol, ethylparaben, imidurea, methylparaben, 
phenol, phenoxyethanol, phenylethyl alcohol, phenylmercu 
ric acetate, phenylmercuric borate, phenylmercuric nitrate, 
potassium sorbate, propylparaben, sodium propionate or 
thimerosal. The anti-microbial preservative, if present, is 
present in an amount by Weight of the composition of about 
0.1% to about 5%, about 0.2% to about 3%, or about 0.3% to 
about 2%, for example about 0.2%, about 0.4%, about 0.6%, 
about 0.8%, about 1%, about 1.2%, about 1.4%, about 1.6%, 
about 1.8%, about 2%, about 2.2%, about 2.4%, about 2.6%, 
about 2.8%, about 3.0%, about 3.2%, about 3.4%, about 
3.6%, about 3.8%, about 4%, about 4.2%, about 4.4%, about 
4.6%, about 4.8%, or about 5%. 
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[0117] The pharmaceutical composition described herein 
optionally comprises one or more emulsifying agents. The 
term “emulsifying agent” refers to an agent capable of loW 
ering surface tension betWeen a non-polar and polar phase 
and includes self emulsifying agents. Suitable emulsifying 
agents can come from any class of pharmaceutically accept 
able emulsifying agents including carbohydrates, proteins, 
high molecular Weight alcohols, Wetting agents, Waxes and 
?nely divided solids. The optional emulsifying agent, if 
present, is present in a composition in a total amount of about 
1% to about 25%, about 1% to about 20%, or about 1% to 
about 15% by Weight of the composition. Illustratively, one or 
more emulsifying agents are present in a total amount by 
Weight of about 1%, about 2%, about 3%, about 4%, about 
5%, about 6%, about 7%, about 8%, about 9%, about 10%, 
about 11%, about 12%, about 13%, about 14%, about 15%, 
about 16%, about 17%, about 18%, about 19%, about 20%, 
about 21%, about 22%, about 23%, about 24%, or about 25%. 
[01 18] In another embodiment, the pharmaceutical compo 
sition optionally comprises a Water miscible solvent, such as 
propylene glycol. A suitable Water miscible solvent refers to 
any solvent that is acceptable for use in a pharmaceutical 
composition and is miscible With Water. If present, the Water 
miscible solvent is present in a composition in a total amount 
ofabout 1% to about 95%, about 2% to about 75%, about 3% 
to about 50%, about 4% to about 40%, or about 5% to about 
25% by Weight of the composition. In a further embodiment, 
the Water miscible solvent is present in a composition in an 
amount of about 1% to about 99%, by Weight of the compo 
sition, for example about 1%, about 5%, about 10%, about 
15%, about 20%, about 25%, about 30%, about 35%, about 
40%, about 45%, about 50%, about 55%, about 60%, about 
65%, about 70%, about 75%, about 80%, about 85%, about 
90%, about 95% or about 99%. 

[0119] The pharmaceutical compositions described herein 
may optionally comprise one or more alcohols. In a further 
embodiment, the alcohol is a loWer alcohol. As used herein, 
the term “loWer alcohol,” alone or in combination, means a 
straight-chain or branched-chain alcohol moiety containing 
one to about six carbon atoms. In one embodiment, the loWer 
alcohol contains one to about four carbon atoms, and in 
another embodiment the loWer alcohol contains tWo or three 
carbon atoms. Examples of such alcohol moieties include 
methanol, ethanol, ethanol USP (i.e., 95% v/v), n-propanol, 
isopropanol, n-butanol, isobutanol, sec-butanol, and tert-bu 
tanol. As used herein, the term “ethanol” refers to C2H5OH. It 
may be used as dehydrated alcohol USP, alcohol USP or in 
any common form including in combination With various 
amounts of Water. If present, the alcohol is present in an 
amount su?icient to form a composition Which is suitable for 
contact With a mammal. Illustratively, one or more pharma 
ceutically acceptable alcohol is present in a total amount by 
Weight of about 1%, about 2%, about 3%, about 4%, about 
5%, about 6%, about 7%, about 8%, about 9%, about 10%, 
about 11%, about 12%, about 13%, about 14%, about 15%, 
about 16%, about 17%, about 18%, about 19%, about 20%, 
about 21%, about 22%, about 23%, about 24%, about 25%, 
about 26%, about 27%, about 28%, about 29%, about 30%, 
about 31%, about 32%, about 33%, about 34%, about 35%, 
about 36%, about 37%, about 38%, about 39%, about 40%, 
about 41%, about 42%, about 43%, about 44%, about 45%, 
about 46%, about 47%, about 48%, about 49%, about 50%, 
about 51%, about 52%, about 53%, about 54%, about 55%, 
about 56%, about 57%, about 58%, about 59%, about 60%, 
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about 61%, about 62%, about 63%, about 64%, about 65%, 
about 66%, about 67%, about 68%, about 69%, about 70%, 
about 71%, about 72%, about 73%, about 74%, about 75%, 
about 76%, about 77%, about 78%, about 79%, about 80%, 
about 81%, about 82%, about 83%, about 84%, about 85%, 
about 86%, about 87%, about 88%, about 89%, about 90%, 
about 91%, about 92%, about 93%, about 94%, about 95%, 
about 96%, about 97%, or about 98%. As a further illustra 
tion, one or more pharmaceutically acceptable alcohol is 
present in atotal amount by Weight of about 1% to about 98%; 
about 10% to about 95%; about 25% to about 75%; about 
35% to about 70%; or about 40% to about 50%. 

[0120] In a further embodiment, Water is separately added 
to the pharmaceutical composition. The amount of Water 
separately added to a pharmaceutical composition is exclu 
sive of the amount of Water independently present in the 
composition from any other component (e.g., alcohol, neu 
traliZing agent). Water is present in an amount suf?cient to 
form a composition Which is suitable for administration to a 
mammal. Illustratively, Water can be separately added by 
Weight in an amount of about 1%, about 2%, about 3%, about 
4%, about 5%, about 6%, about 7%, about 8%, about 9%, 
about 10%, about 11%, about 12%, about 13%, about 14%, 
about 15%, about 16%, about 17%, about 18%, about 19%, 
about 20%, about 21%, about 22%, about 23%, about 24%, 
about 25%, about 26%, about 27%, about 28%, about 29%, 
about 30%, about 31%, about 32%, about 33%, about 34%, 
about 35%, about 36%, about 37%, about 38%, about 39%, 
about 40%, about 41%, about 42%, about 43%, about 44%, 
about 45%, about 46%, about 47%, about 48%, about 49%, 
about 50%, about 51%, about 52%, about 53%, about 54%, 
about 55%, about 56%, about 57%, about 58%, about 59%, 
about 60%, about 61%, about 62%, about 63%, about 64%, 
about 65%, about 66%, about 67%, about 68%, about 69%, 
about 70%, about 71%, about 72%, about 73%, about 74%, 
about 75%, about 76%, about 77%, about 78%, about 79%, 
about 80%, about 81%, about 82%, about 83%, about 84%, 
about 85%, about 86%, about 87%, about 88%, about 89%, 
about 90%, about 91%, about 92%, about 93%, about 94%, 
about 95%, about 96%, about 97%, or about 98%. As a further 
illustration, Water can be separately added by Weight in an 
amount of about 1% to about 98%; about 10% to about 70%; 
about 10% to about 40%; about 10% to about 30%; about 
20% to about 30%; or about 25% to about 30%. 

[0121] In a further embodiment, Water is separately added 
to the pharmaceutical composition in a quantity or amount 
suf?cient to achieve the desired Weight of the pharmaceutical 
composition. In an additional embodiment, Water is sepa 
rately added in a quantity suf?cient to obtain 100% Weight of 
the composition. 
[0122] In one embodiment, the pH of the pharmaceutical 
composition is suitable for administration to a mammal. In a 
further embodiment, the pH of the pharmaceutical composi 
tion is suitable for administration to the skin of a mammal. In 
additional embodiments, the pH of the pharmaceutical com 
position is suitable for buccal, sublingual, injection, rectal, 
vaginal, ocular, nasal or oral administration to a mammal. In 
one embodiment, the pH of the pharmaceutical composition 
is about 3, about 3.1, about 3.2, about 3.3, about 3.4, about 
3.5, about 3.6, about 3.7, about 3.8, about 3.9, about 4, about 
4.1, about 4.2, about 4.3, about 4.4, about 4.5, about 4.6, about 
4.7, about 4.8, about 4.9, about 5, about 5.1, about 5.2, about 
5.3, about 5.4, about 5.5, about 5.6, about 5.7, about 5.8, about 
5.9, about 6, about 6.1, about 6.2, about 6.3, about 6.4, about 


































