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(57) ABSTRACT 
Aspects of the invention include methods of treating ADHD, 
anxiety or insomnia by applying a transdermal delivery 
device containing a dexmedetomidine composition formu 
lated to deliver an amount of dexmedetomidine to a subject 
diagnosed as having ADHD, anxiety or insomnia. In practic 
ing methods according to certain embodiments, a transdermal 
delivery device having a dexmedetomidine composition is 
applied to a subject and is maintained in contact with the 
Subject in a manner Sufficient to deliver an amount of dexme 
detomidine sufficient to treat ADHD, anxiety or insomnia in 
the subject. Also provided are transdermal delivery devices 
configured to deliver an amount of dexmedetomidine Suffi 
cient for practicing the Subject methods, as well as kits con 
taining the transdermal delivery devices. 
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METHODS AND COMPOSITIONS FOR 
TREATING ATTENTION DEFCIT 

HYPERACTIVITY DISORDER, ANXIETY 
AND INSOMNLAUSING 

DEXMEDETOMIDINE TRANSIDERMAL 
COMPOSITIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001 Pursuant to 35 U.S.C. S 119(e), this application 
claims priority to the filing date of U.S. Provisional Applica 
tion Ser. No. 61/887,862 filed Oct. 7, 2013, the disclosure of 
which is herein incorporated by reference. 

INTRODUCTION 

0002 Attention Deficit Hyperactivity Disorder (ADHD) 
is a neurobehavioral disorder characterized primarily by inat 
tention, easy distractibility, disorganization, procrastination, 
and forgetfulness. Attention Deficit Hyperactivity Disorder is 
a condition that typically manifests in children in the pre 
School and early School years making it difficult for these 
children to control their behavior or pay attention. It is esti 
mated that between 3 and 5 percent of children have attention 
deficit hyperactivity disorder (ADHD), or approximately 2 
million children in the United States. It is believed that in a 
classroom of 24 to 30 children, there is likely that at least one 
child will have ADHD. ADHD is characterized by inatten 
tion, hyperactivity, and impulsivity. The America Psychiatric 
Association in the Diagnostic and Statistical Manual of Men 
tal Disorders have established three sub-types of ADHD. 
ADHD Predominantly InattentiveType (ADHD-PI) presents 
with symptoms including being easily distracted, forgetful, 
daydreaming, disorganization, poor concentration, and diffi 
culty completing tasks. ADHD, Predominantly Hyperactive 
Impulsive Type presents with excessive fidgetiness and rest 
lessness, hyperactivity, difficulty waiting and remaining 
seated, immature behavior; destructive behaviors may also be 
present. ADHD, Combined Type is a combination of ADHD 
Predominantly Inattentive Type and ADHD, Predominantly 
Hyperactive-Impulsive Type. 
0003. Anxiety disorder is a psychiatric disorder character 
ized by excessive rumination, worrying, uneasiness, appre 
hension and fear about future uncertainties either based on 
real or imagined events, which may affect both physical and 
psychological health. The American Psychiatric Association 
has established that term anxiety includes four aspects or 
experiences that an individual with anxiety disorder may 
have: mental apprehension, physical tension, physical Symp 
toms and dissociative anxiety. 
0004 Insomnia is a sleep disorder in which there is an 
inability to fall asleep or to stay asleep as long as desired. 
Insomnia is often attributed both as a sign and as a symptom 
of accompanying sleep, medical, and/or psychiatric disorders 
characterized by a persistent difficulty falling asleep, staying 
asleep or Suffering from sleep of poor quality. Insomnia is 
typically followed by functional impairment while awake. 
Insomnia can occur at any age, but it is particularly common 
in the elderly. Insomnia can be persistent for a short duration 
(e.g., lasting less than three weeks) or for a long duration (e.g., 
lasting greater than 3-4 weeks), which often leads to memory 
problems, depression, irritability and an increased risk of 
heart disease and automobile related accidents. 
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0005 Dexmedetomidine is the S-enantiomer of medeto 
midine and is an agonist of C-adrenergic receptors that is 
used as a sedative medication in intensive care units and by 
anesthetists for intubated and nonintubated patients requiring 
sedation for Surgery or short term procedures. The C2-adren 
ergic receptor is a G-protein coupled receptor associated with 
the G, heterotrimeric G-protein that includes three highly 
homologous Subtypes, including C, C2, and C2-adrenergic 
receptors. Agonists of the a-adrenergic receptor are impli 
cated in sedation, muscle relaxation and analgesia through 
effects on the central nervous system. 
0006 Dexmedetomidine is used in clinical settings as a 
sedative through parenteral, intravenous and oral administra 
tion and thus, requires close Supervision by a health care 
professional in a hospital setting. Dexmedetomidine is cur 
rently employed for sedation of intubated or mechanically 
ventilated Subjects in an in-clinic (e.g., hospital) setting as 
well as for the sedation of non-intubated subjects as a part of 
monitoredanesthesia during Surgery, radiography or diagnos 
tic procedures. Dexmedetomidine is also approved for con 
tinuous intravenous infusion in non-intubated Subjects since 
it does not adversely affect breathing. 

SUMMARY 

0007 Aspects of the invention include methods of treating 
ADHD, anxiety or insomnia by applying a transdermal deliv 
ery device containing a dexmedetomidine composition for 
mulated to deliver an amount of dexmedetomidine to a sub 
ject diagnosed as having ADHD, anxiety or insomnia. In 
practicing methods according to certain embodiments, a 
transdermal delivery device having a dexmedetomidine com 
position is applied to a Subject and is maintained in contact 
with the subject in a manner sufficient to deliver an amount of 
dexmedetomidine sufficient to treat ADHD, anxiety or 
insomnia in the Subject. Also provided are transdermal deliv 
ery devices configured to deliver an amount of dexmedeto 
midine Sufficient for practicing the Subject methods, as well 
as kits containing the transdermal delivery devices. 

BRIEF DESCRIPTION OF THE FIGURES 

0008 FIG. 1 shows an example of a plot of average 
dexmedetomidine flux as a function of transdermal delivery 
device application time for a dexmedetomidine transdermal 
composition with polyisobutylene/polybutene and 
crosslinked polyvinylpyrrolidone adhesive according to one 
embodiment. 
0009 FIG. 2 (Panel A) shows an example of cumulative 
dexmedetomidine delivered amount with time according to 
one embodiment. FIG. 2 (Panel B) shows an example of a plot 
of average dexmedetomidine flux as a function of transdermal 
delivery device application time for a dexmedetomidine 
transdermal composition having a non-functionalized acry 
late adhesive according to one embodiment. FIG. 2 (Panel C) 
shows an example of dexmedetomidine utilization with time 
according to one embodiment. 
0010 FIG. 3 shows an example of a plot of average 
dexmedetomidine flux as a function of transdermal delivery 
device application time for a dexmedetomidine transdermal 
composition having a non-functionalized acrylate adhesive 
according to one embodiment. 
0011 FIG. 4 shows an example of a plot of average 
dexmedetomidine flux as a function of transdermal delivery 
device application time for a dexmedetomidine transdermal 
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composition having a hydroxyl functionalized acrylate adhe 
sive containing vinyl acetate according to one embodiment. 
0012 FIG. 5 shows an example of a plot of average 
dexmedetomidine flux as a function of transdermal delivery 
device application time for a dexmedetomidine transdermal 
composition having a hydroxyl functionalized acrylate adhe 
sive according to another embodiment. 
0013 FIG. 6 shows an example of a plot of average 
dexmedetomidine flux as a function of transdermal delivery 
device application time for a dexmedetomidine transdermal 
composition having hydroxyl functionalized acrylate adhe 
sive and a hydroxyl functionalized acrylate adhesive contain 
ing vinyl acetate according to another embodiment. 
0014 FIGS. 7A-7B shows an example of a plot of average 
dexmedetomidine flux as a function of transdermal delivery 
device application time for dexmedetomidine transdermal 
compositions having a non-functionalized acrylate adhesive, 
a hydroxyl functionalized acrylate adhesive and a hydroxyl 
functionalized acrylate adhesive containing vinylacetate 
according to one embodiment. 
0015 FIG. 8 shows an example of a plot of average 
dexmedetomidine flux as a function of transdermal delivery 
device application time for a dexmedetomidine transdermal 
composition having a carboxylic acid functionalized acrylate 
adhesive according to another embodiment. 
0016 FIG. 9 shows an example of a plot of average 
dexmedetomidine flux as a function of transdermal delivery 
device application time for a dexmedetomidine transdermal 
composition having acrylic adhesive with carboxyl group and 
hydroxyl group as the functional group containing vinyl 
acetate according to another embodiment. 
0017 FIG. 10 shows an example of a plot of average 
dexmedetomidine flux as a function of transdermal delivery 
device application time for a dexmedetomidine transdermal 
composition having a polyisobutylene/polybutene adhesive 
with a carboxylic acid functionalized acrylate adhesive 
according to one embodiment. 
0018 FIG. 11 shows an example of a plot of average 
dexmedetomidine flux as a function of transdermal delivery 
device application time for a dexmedetomidine transdermal 
composition having a polyisobutylene/polybutene adhesive 
with the solubility enhancer levulinic acid according to one 
embodiment. 
0019 FIG. 12 shows an example of a plot of average 
dexmedetomidine flux as a function of transdermal delivery 
device application time for a dexmedetomidine transdermal 
composition having a polyisobutylene/polybutene adhesive 
with the Solubility enhancer lauryl lactate according to one 
embodiment. 
0020 FIG. 13 shows an example of a plot of average 
dexmedetomidine flux as a function of transdermal delivery 
device application time for a dexmedetomidine transdermal 
composition having a polyisobutylene/polybutene adhesive 
with the solubility enhancer propylene glycolmonolaurate 
according to one embodiment. 
0021 FIG. 14A shows an example of a plot of average 
dexmedetomidine flux as a function of transdermal delivery 
device application time for a dexmedetomidine transdermal 
composition having a hydroxyl functionalized acrylate adhe 
sive containing vinyl acetate with levulinic acid according to 
one embodiment. 
0022 FIG. 14B shows an example of a plot of average 
dexmedetomidine flux as a function of transdermal delivery 
device application time for a dexmedetomidine transdermal 
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composition having a hydroxyl functionalized acrylate adhe 
sive containing vinyl acetate with polyvinylpyrrolidone 
according to one embodiment. 
0023 FIG. 14C shows an example of a plot of average 
dexmedetomidine flux as a function of transdermal delivery 
device application time for a dexmedetomidine transdermal 
composition having a hydroxyl functionalized acrylate adhe 
sive containing vinyl acetate with a carboxylic acid function 
alized acrylate adhesive according to one embodiment. 
0024 FIG. 15 shows an example of a plot of average 
dexmedetomidine flux as a function of transdermal delivery 
device application time for a dexmedetomidine transdermal 
composition having acrylate pressure sensitive adhesive in 
the absence and presence of levulinic acid, oleic acid or a 
carboxylic acid functionalized acrylate adhesive according to 
one embodiment. 
0025 FIG. 16 shows an example of a plot of average 
dexmedetomidine flux as a function of transdermal delivery 
device application time for a dexmedetomidine transdermal 
composition having a hydroxyl functionalized acrylate adhe 
sive containing vinyl acetate with a carboxylic acid function 
alized acrylate adhesive according to another embodiment. 
0026 FIG. 17 shows an example of a plot of average 
dexmedetomidine flux as a function of transdermal delivery 
device application time for a dexmedetomidine transdermal 
composition having a hydroxyl functionalized acrylate adhe 
sive containing vinyl acetate with oleic acid or a carboxylic 
acid functionalized acrylate adhesive according to another 
embodiment. 
0027 FIG. 18 shows an example of a plot of average 
dexmedetomidine flux as a function of transdermal delivery 
device application time for a dexmedetomidine transdermal 
composition having a hydroxyl functionalized acrylate adhe 
sive containing vinyl acetate with solubility enhancers such 
as carboxylic acid functionalized acrylate adhesives, lauryl 
lactate or oleic acid according to another embodiment. 
0028 FIG. 19 shows the average dexmedetomidine in 
vitro skinflux with respect to time from various formulations. 
0029 FIGS. 20 and 21 show the flux on two different skin 
samples from various formulations. 

DETAILED DESCRIPTION 

0030 Aspects of the invention include methods of treating 
ADHD, anxiety or insomnia by applying a transdermal deliv 
ery device containing a dexmedetomidine composition for 
mulated to deliver an amount of dexmedetomidine to a sub 
ject diagnosed as having ADHD, anxiety or insomnia. In 
practicing methods according to certain embodiments, a 
transdermal delivery device having a dexmedetomidine com 
position is applied to a Subject and is maintained in contact 
with the subject in a manner sufficient to deliver an amount of 
dexmedetomidine sufficient to treat ADHD, anxiety or 
insomnia in the Subject. Also provided are transdermal deliv 
ery devices configured to deliver an amount of dexmedeto 
midine Sufficient for practicing the Subject methods, as well 
as kits containing the transdermal delivery devices. 
0031. Before the present invention is described in greater 
detail, it is to be understood that this invention is not limited 
to particular embodiments described, as Such may, of course, 
vary. It is also to be understood that the terminology used 
herein is for the purpose of describing particular embodi 
ments only, and is not intended to be limiting, since the scope 
of the present invention will be limited only by the appended 
claims. 
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0032. Where a range of values is provided, it is understood 
that each intervening value, to the tenth of the unit of the lower 
limit unless the context clearly dictates otherwise, between 
the upper and lower limit of that range and any other stated or 
intervening value in that stated range, is encompassed within 
the invention. The upper and lower limits of these smaller 
ranges may independently be included in the Smaller ranges 
and are also encompassed within the invention, Subject to any 
specifically excluded limit in the stated range. Where the 
stated range includes one or both of the limits, ranges exclud 
ing either or both of those included limits are also included in 
the invention. 
0033 Certain ranges are presented herein with numerical 
values being preceded by the term “about.” The term “about 
is used herein to provide literal support for the exact number 
that it precedes, as well as a number that is near to or approxi 
mately the number that the term precedes. In determining 
whether a number is near to or approximately a specifically 
recited number, the near or approximating unrecited number 
may be a number which, in the context in which it is pre 
sented, provides the Substantial equivalent of the specifically 
recited number. 

0034. Unless defined otherwise, all technical and scien 
tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods and materials simi 
lar or equivalent to those described herein can also be used in 
the practice or testing of the present invention, representative 
illustrative methods and materials are now described. 
0035 All publications and patents cited in this specifica 
tion are herein incorporated by reference as if each individual 
publication or patent were specifically and individually indi 
cated to be incorporated by reference and are incorporated 
herein by reference to disclose and describe the methods 
and/or materials in connection with which the publications 
are cited. The citation of any publication is for its disclosure 
prior to the filing date and should not be construed as an 
admission that the present invention is not entitled to antedate 
such publication by virtue of prior invention. Further, the 
dates of publication provided may be different from the actual 
publication dates which may need to be independently con 
firmed. 
0036. It is noted that, as used herein and in the appended 
claims, the singular forms “a”, “an', and “the include plural 
referents unless the context clearly dictates otherwise. It is 
further noted that the claims may be drafted to exclude any 
optional element. As such, this statement is intended to serve 
as antecedent basis for use of Such exclusive terminology as 
“solely.” “only' and the like in connection with the recitation 
of claim elements, or use of a “negative' limitation. 
0037. As will be apparent to those of skill in the art upon 
reading this disclosure, each of the individual embodiments 
described and illustrated herein has discrete components and 
features which may be readily separated from or combined 
with the features of any of the other several embodiments 
without departing from the scope or spirit of the present 
invention. Any recited method can be carried out in the order 
of events recited or in any other order which is logically 
possible. 
0038. In further describing various embodiments of the 
invention, methods for applying to a subject diagnosed as 
having ADHD, anxiety or insomnia a transdermal delivery 
device having a dexmedetomidine composition and maintain 
ing the transdermal delivery device in contact with the subject 
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in a manner Sufficient to deliver an amount of dexmedetomi 
dine to treat ADHD, anxiety or insomnia in the subject are 
first reviewed in greater detail. Next, transdermal delivery 
devices suitable for practicing the Subject methods are 
described. Kits that include transdermal delivery devices of 
interest are then reviewed. 

Methods for Treating Attention Deficit Hyperactivity Disor 
der (ADHD), Anxiety or Insomnia with Dexmedetomidine 
Transdermal Delivery Devices 
0039. Aspects of the invention include methods of treating 
ADHD, anxiety or insomnia by applying a transdermal deliv 
ery device containing a dexmedetomidine composition for 
mulated to deliver an amount of dexmedetomidine to a sub 
ject diagnosed as having ADHD, anxiety or insomnia. In 
practicing methods according to certain embodiments, a 
transdermal delivery device having a dexmedetomidine com 
position is applied to a Subject and is maintained in contact 
with the subject in a manner sufficient to deliver an amount of 
dexmedetomidine sufficient to treat ADHD, anxiety or 
insomnia in the subject. The term “transdermal' is used in its 
conventional sense to refer to the route of administration 
where an active agent (i.e., drug) is delivered across the skin 
(e.g., topical administration) or mucous membrane for sys 
temic distribution. As such, transdermal dexmedetomidine 
compositions as described herein include compositions 
which are delivered to the subject through one or more of the 
Subcutis, dermis and epidermis, including the stratum cor 
neum, Stratum germinativum, stratum spinosum and stratum 
basale. Accordingly, extended transdermal delivery devices 
containing a transdermal dexmedetomidine composition may 
be applied at any convenient location, such as for example, 
the arms, legs, buttocks, abdomen, back, neck, scrotum, 
vagina, face, behind the ear, buccally as well as Sublingually. 
In describing methods of the present invention, the term "sub 
ject' is meant the person or organism to which the transder 
mal composition is applied and maintained in contact. As 
such, subjects of the invention may include but are not limited 
to mammals, e.g., humans and other primates. Such as chim 
panzees and other apes and monkey species; and the like, 
where in certain embodiments the subject are humans. The 
term Subject is also meant to include a person or organism of 
any age, weight or other physical characteristic, where the 
Subjects may be an adult, a child, an infant or a newborn. 
Methods for treating ADHD or an associated disorder, anxi 
ety or insomnia according to certain embodiments includes 
treatment of a juvenile subject. In these embodiments, the 
Subject may be a child under the age of 8 years, such as a child 
under the age of 5 years. 
0040. Transdermal administration of dexmedetomidine 
may be passive or active. By "passive' transport is meant that 
the dexmedetomidine composition is delivered across the 
skin or mucous membrane in the absence of applied energy 
(e.g., rubbing or heat) and is primarily dependent on the 
permeability of the barrier (e.g., skin or mucous membrane) 
and by entropy of delivery. However, transdermal adminis 
tration according to certain embodiments may also include 
active transport of the dexmedetomidine composition across 
the skin or mucous membrane. Active transport can be any 
convenient protocol Sufficient to transport the composition 
through the skin or mucous membrane in conjunction with 
applied energy and may include, but is not limited to micron 
eedle delivery, facilitated diffusion, electrochemically-pro 
duced gradients, iontophoretic systems, among other proto 
cols. 
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0041 As summarized above, in practicing methods 
according to embodiments of the invention a transdermal 
delivery device having a dexmedetomidine composition is 
applied to a subject and is maintained in contact with the 
Subject in a manner Sufficient to deliver an amount of dexme 
detomidine to treat ADHD, anxiety or insomnia in the sub 
ject. The term “ADHD” refers to the psychiatric disorder or 
neurobehavioral disorder characterized by significant diffi 
culties either of inattention or hyperactivity and impulsive 
ness or a combination thereof. ADHD as used herein includes 
the Diagnostic and Statistical Manual of Mental Disorders 
(DSM-V) designation of the three subtypes of the disorder 
which include being predominantly inattentive (ADHD-PI or 
ADHD-I), predominantly hyperactive-impulsive (ADHD-HI 
or ADHD-H), or the two combined (ADHD-C). In certain 
embodiments, disorders associated with ADHD may also be 
treated by the subject methods, the associated disorders 
including but not limited to restless legs syndrome, opposi 
tional defiant and conduct disorder, bipolar disorder, major 
depressive disorder, anxiety disorders, obsessive compulsive 
disorder as well as sleep disorders including insomnia, 
obstructive sleep apnea syndrome. The term "anxiety disor 
der' is used herein in its conventional sense to refer to the 
psychiatric disorder characterized by excessive rumination, 
worrying, uneasiness, apprehension and fear about future 
uncertainties either based on real or imagined events, which 
may affect both physical and psychological health (e.g., in 
accordance with the American Psychiatric Association estab 
lishment of anxiety which includes mental apprehension, 
physical tension, physical symptoms and dissociative anxi 
ety) and may include the anxiety disorders generalized anxi 
ety disorder (GAD), panic disorder, phobias and separation 
anxiety disorder. Furthermore, the term “insomnia' is used 
herein in its conventional sense to refer the disorder charac 
terized by the inability to fall asleep or to stay asleep as long 
as desired. Insomnia may include any of several sleep, medi 
cal, and psychiatric disorders which is characterized by a 
persistent difficulty falling asleep, staying asleep or suffering 
from sleep of poor quality. 
0042. In embodiments of the invention, a subject is diag 
nosed as having one or more of ADHD, anxiety and insomnia. 
A subject may be diagnosed as having ADHD, anxiety or 
insomnia by a qualified health care professional using any 
suitable protocol, such as for example protocols set forth by 
the American Psychiatric Association. In certain instances, 
ADHD, anxiety and insomnia are diagnosed according to 
criteria provided by the Diagnostic and Statistical Manual of 
Mental Disorders (e.g., DSM-V, released May 2013). 
0043. In certain instances, a subject is diagnosed as having 
one of the three subtypes of ADHD designated by the Diag 
nostic and Statistical Manual of Mental Disorders (e.g., 
DSM-V, released May 2013): predominantly inattentive 
(ADHD-PI or ADHD-I), predominantly hyperactive-impul 
sive (ADHD-HI or ADHD-H), or the two combined (ADHD 
C). In certain embodiments, disorders associated with ADHD 
may also be diagnosed in the Subject, the associated disorders 
including but not limited to restless legs syndrome, opposi 
tional defiant and conduct disorder, bipolar disorder, major 
depressive disorder, anxiety disorders, obsessive compulsive 
disorder as well as sleep disorders including insomnia, 
obstructive sleep apnea syndrome. 
0044. In other instances, Subjects are diagnosed as having 
insomnia according to the Epworth Sleepiness Scale, the 
Sleep Disorders Questionnaire, the Pittsburgh Sleep Quality 
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Index, the Insomnia Severity Index, the use of sleep diary to 
track sleeping patterns, a polysomnogram to measure activity 
during sleep, actigraphy for assess sleep-wake patterns, 
among other convenient protocols for diagnosing insomnia. 
0045. In yet other instances, a subject is diagnosed as 
having anxiety according to the Diagnostic and Statistical 
Manual of Mental Disorders (e.g., DSM-V, released May 
2013) Such as according to diagnosis criteria for evaluating 
generalized anxiety disorder, panic disorder, post-traumatic 
stress disorder, obsessive compulsive disorder and separation 
anxiety disorder in children. 
0046. In some embodiments, methods further include 
diagnosing a Subject as having one or more of ADHD, anxiety 
and insomnia. In certain instances, diagnosing ADHD, anxi 
ety and insomnia may include conducting a medical exami 
nation Such as to rule out other causes of observable symp 
toms. For example, diagnosing ADHD may include gathering 
information from the Subject such through an interview, ques 
tionnaire or by review of previous medical conditions, diaries 
of sleep, nighttime activity, family history and behavioral 
records. This may include gathering information may include 
observing symptoms of inattention in the Subject, hyperac 
tivity, impulsivity or restlessness. 
0047 Diagnosing insomnia may include medical exami 
nation, interview, questionnaire and sleep tests according to 
the Epworth Sleepiness Scale, the Sleep Disorders Question 
naire, the Pittsburgh Sleep Quality Index, the Insomnia Sever 
ity Index as well as the use of sleep diary to track sleeping 
patterns, a polysomnogram to measure activity during sleep, 
actigraphy for assess sleep-wake patterns, among other con 
Venient protocols for diagnosing insomnia. 
0048 Diagnosing anxiety may include gathering informa 
tion from the Subject Such through an interview, questionnaire 
or by review of previous medical conditions, family history 
and behavioral records. In these embodiments, a Subject diag 
nosed as having anxiety may be further evaluate to determine 
if the Subject has one or more of generalized anxiety disorder, 
panic disorder, post-traumatic stress disorder or obsessive 
compulsive disorder. Where the Subject is a child, diagnosing 
may include determining that the Subject has separation anxi 
ety disorder. 
0049. As discussed above, methods include applying to a 
skin Surface of a Subject diagnosed as having ADHD, anxiety 
or insomnia a transdermal delivery device having a dexme 
detomidine composition that contains dexmedetomidine and 
a pressure sensitive adhesive and maintaining the transdermal 
delivery device in contact with the subject in a manner suffi 
cient to deliver dexmedetomidine over a period of time to 
treat ADHD, anxiety or insomnia in the subject. By “treating 
or “treatment' is meant at least a Suppression or amelioration 
of the symptoms associated with the condition affecting the 
Subject, where Suppression and amelioration are used in a 
broad sense to refer to at least a reduction in the magnitude of 
a parameter, e.g., symptom, associated with ADHD, anxiety 
or insomnia. As such, treatment of ADHD, anxiety or insom 
nia includes situations where ADHD, anxiety or insomnia is 
completely inhibited, e.g., prevented from happening, or 
stopped, e.g., terminated. Such that the Subject no longer 
experiences ADHD, anxiety or insomnia. 
0050. In embodiments of the invention, methods include 
applying a transdermal delivery device having a dexmedeto 
midine composition to a Subject and maintaining the trans 
dermal delivery device in contact with the subject in a manner 
to deliver an amount of dexmedetomidine sufficient to treat 
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ADHD, anxiety or insomnia in the subject. In certain embodi 
ments, methods include maintaining the transdermal delivery 
device in contact with the Subject in a manner Sufficient to 
deliver a sedative amount of dexmedetomidine. By “sedative' 
is meant that the dexmedetomidine composition is formu 
lated to deliver an amount of dexmedetomidine to the subject 
which causes at least partial sedation. For example, in some 
instances methods include delivering an amount of dexme 
detomidine to the subject such that the subject is character 
ized as being in a state where the subject can exhibit brisk 
response to light glabellar tap or loud auditory stimulus. In 
other instances, methods include delivering an amount of 
dexmedetomidine to the subject such that the subject is char 
acterized as being in a state where the Subject exhibits a 
sluggish response to light glabellar tap or loud auditory 
stimulus. In certain instances, dexmedetomidine composi 
tions of interest are formulated to deliver an amount of 
dexmedetomidine which is fully sedative and the subject is 
characterized as being in a state where the Subject exhibits no 
response to touch or auditory stimulus. 
0051 Suitable protocols for determining level of sedation 
may include but are not limited to the Ramsay Sedation Scale, 
the Vancouver Sedative Recovery Scale, the Glasgow Coma 
Scale modified by Cook and Palma, the Comfort Scale, the 
New Sheffield Sedation Scale, the Sedation-Agitation Scale, 
and the Motor Activity Assessment Scale, among other con 
venient protocols for determining the level of sedation. 
0052. In some embodiments, methods may further include 
evaluating the level of sedation of the subject to determine 
whether any reduction in responsiveness or cognitive or 
motor activity has resulted from administration of a transder 
mal delivery device. The level of sedation may be evaluated 
by any convenient protocol. Such as with those mentioned 
above. In certain embodiments, the level of sedation is evalu 
ated using the Ramsey Sedation Scale, (as disclosed in Ram 
say, et al. Controlled sedation with alphaxalone-alphadolone, 
British Med Journal 1974; 2:656-659, the disclosure of which 
is herein incorporated by reference). For example, each sub 
ject may be evaluated by a qualified health care professional 
and assigned a score for the level of sedation according to the 
Ramsey Sedation Scale, summarized below. 

Ramsay Sedation Scale 

Score Description of Responsiveness, Cognitive and Motor Activity 

Patient is anxious and agitated or restless, or both 
Patient is co-operative, oriented, and tranquil 
Patient responds to commands only 
Patient exhibits brisk response to light glabellar 
tap or loud auditory stimulus 

5 Patient exhibits a sluggish response to light 
glabellar tap or loud auditory stimulus 

6 Patient exhibits no response 

0053. In some embodiments, during administration of 
Subject dexmedetomidine transdermal compositions the level 
of sedation of a subject is evaluated and the Subject is assigned 
a Ramsey Score of 2 or higher, such as 3 or higher, Such as 4 
or higher and including a Ramsey score of 5. For example, 
methods may include delivering an amount of dexmedetomi 
dine to the Subject in manner Sufficient to maintain a Ramsay 
score of between 2 and 5 in the subject, such as between 3 and 
5 and including a Ramsay score of between 4 and 5. 
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0054. In certain instances, throughout administration of 
the dexmedetomidine transdermal composition, the Subject 
exhibits brisk response to light glabellar tap or loud auditory 
stimulus. In other instances, throughout administration of the 
dexmedetomidine transdermal composition, the Subject 
exhibits a sluggish response to light glabellar tap or loud 
auditory stimulus. In yet other instances, throughout admin 
istration of the dexmedetomidine transdermal composition, 
the subject is fully sedated and exhibits no response to touch 
or auditory stimulus. 
0055. The level of sedation of a subject may be evaluated 
at any time during the methods. In some instances, the level of 
sedation is evaluated while maintaining the extended trans 
dermal delivery device in contact with the subject at regular 
intervals, e.g., every 0.25 hours, every 0.5 hours, every 1 hour, 
every 2 hours, every 4 hours or some other interval. For 
instance, the level of sedation may be evaluated while main 
taining the transdermal delivery device in contact with the 
Subject, such as 15 minutes after applying the transdermal 
delivery device to the subject, 30 minutes after applying the 
transdermal delivery device, 1 hour after applying the trans 
dermal delivery device, 2 hours after applying the transder 
mal delivery device, 4 hours after applying the transdermal 
delivery device including 8 hours after applying the transder 
mal delivery device. 
0056. The level of sedation of the subject may be evaluated 
one or more times during a dosage interval. Such as 2 or more 
times, such as 3 or more times, including 5 or more times 
before, during or after a dosage interval. An upper limit for the 
number of times the Subject may be evaluated during a dosage 
interval is, in Some instances, 10 times or fewer, such as 7 
times or fewer, such as 5 times or fewer, such as 3 times or 
fewer and including 2 times or fewer. In certain embodiments, 
the number of times the subject may be evaluated during a 
dosage interval ranges such as from 2 times to 10 times, such 
as from 3 times to 9 times, such as from 4 times to 8 times and 
including from 5 times to 7 times. 
0057. In certain embodiments, sedation level may be 
monitored throughout the entire time the transdermal delivery 
device is maintained in contact with the Subject, Such by heart 
rate monitors, breathing monitors or by visual observation, 
including with the aid of a video monitor. 
0058. Depending on the specific protocol employed, treat 
ment of ADHD, anxiety or insomnia according to embodi 
ments of the invention may include one or more dosage inter 
vals. Dosage intervals may last about 2 hours or longer. Such 
as 3 hours or longer, Such as 4 hours or longer, Such as 6 hours 
or longer, Such as 8 hours or longer, Such as 12 hours or longer 
and including 16 hours or longer. Upper limits for dosage 
intervals are, in Some instances 24 hours or shorter, such as 16 
hours or shorter, Such as 12 hours or shorter, Such as 8 hours 
or shorter and including 4 hours or shorter. In certain embodi 
ments, dosage intervals range from 4 hours to 24 hours. Such 
as from 6 hours to 24 hours, such as from 8 hours to 14 hours 
and including from 12 hours to 16 hours. 
0059. In certain embodiments, dosage intervals may be 
overnight dosage intervals where the dosage interval begins 
prior to when the subject sleeps and concludes with the wak 
ing of the Subject. Depending on the physiology and age of the 
subject and the desired therapeutic effect, the duration of 
dosage intervals and treatment protocols may vary, as 
described in greater detail below. In some embodiments, at 
the beginning of the dosage interval the Subject being treated 
is in a non-sedated State and is awake, alert, oriented, coherent 
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and capable of responding to oral or written commands 
including questions or requests. Delivery of dexmedetomi 
dine to the Subject according to certain methods results in the 
partial or fully sedation of the subject. 
0060. In some embodiments, sustained release transder 
mal administration of the dexmedetomidine composition 
includes multi-day delivery of a therapeutically effective 
amount of the dexmedetomidine active agent that is applied to 
the skin of a subject. By multi-day delivery is meant that the 
transdermal composition is formulated to provide atherapeu 
tically effective amount to a subject when the transdermal 
delivery device is applied to the skin of a subject for a period 
of time that is 1 day or longer, Such as 2 days or longer, Such 
as 4 days or longer, such as 7 days or longer, such as 14 days 
and including 30 days or longer. In certain embodiments, 
transdermal delivery devices provide a therapeutically effec 
tive amount of dexmedetomidine to a subject for a period of 
10 days or longer. For multi-day delivery, an upper limit 
period of time is, in Some instances, 30 days or shorter, Such 
as 28 days or shorter, Such as 21 days or shorter, Such as 14 
days or shorter, Such as 7 days or shorter and including 3 days 
or shorter. In certain embodiments, multi-day transdermal 
delivery ranges such as from 2 days to 30 days. Such as from 
3 days to 28 days. Such as from 4 days to 21 days, such as from 
5 days to 14 days and including from 6 days to 10 days. 
0061 The term “treatment protocol as used herein refers 
to one or more sequential dosage intervals Sufficient to pro 
duce the desired therapeutic effect of transdermaldexmedeto 
midine composition. In certain embodiments, protocols may 
include multiple dosage intervals. By "multiple dosage inter 
vals” is meant more than one transdermal delivery device is 
applied and maintained in contact with the Subject in a 
sequential manner. As such, a transdermal delivery device is 
removed from contact with the subject and a new transdermal 
delivery device is reapplied to the Subject. In practicing meth 
ods of the invention, treatment regimens may include two or 
more dosage intervals, such as three or more dosage intervals, 
Such as four or more dosage intervals, such as five or more 
dosage intervals, including ten or more dosage intervals. 
0062. The duration between dosage intervals in a multiple 
dosage interval treatment protocol may vary, depending on 
the physiology of the Subject or by the treatment protocol as 
determined by a health care professional. For example, the 
duration between dosage intervals in a multiple dosage treat 
ment protocol may be predetermined and follow at regular 
intervals. As such, the time between dosage intervals may 
vary and may be 1 day or longer, Such as 2 days or longer, Such 
as 3 days or longer, such as 4 days or longer, Such as 5 days or 
longer, Such as 6 days or longer, Such as 7 days or longer, Such 
as 10 days or longer, including 30 days or longer. An upper 
limit period of time between dosage intervals is, in some 
instances, 30 days or shorter, Such as 28 days or shorter, Such 
as 21 days or shorter, Such as 14 days or shorter, Such as 7 days 
or shorter and including 3 days or shorter. In certain embodi 
ments, the time between dosage intervals ranges such as from 
2 days to 30 days. Such as from 3 days to 28 days, such as from 
4 days to 21 days, such as from 5 days to 14 days and 
including from 6 days to 10 days. 
0063. In certain instances, the duration between dosage 
intervals may depend on the plasma concentration of dexme 
detomidine during the time the transdermal delivery device is 
not in contact with the subject between dosage intervals. For 
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example, a Subsequent dosage interval may commence when 
the plasma concentration of dexmedetomidine reaches below 
a particular threshold. 
0064 Methods for treating ADHD, anxiety and insomnia 
in a Subject according to some embodiments may include 
applying a transdermal delivery device containing a dexme 
detomidine composition and maintaining the transdermal 
delivery device in contact with the subject in a manner suffi 
cient to deliver dexmedetomidine to a subject at a rate which 
averages from 1 ug/hour to 10 g/hour over the course of the 
dosage interval (e.g., a 8 hour dosage interval). Such as from 
1.5 Lig/hour to 9.5 ug/hour, Such as from 2 ug/hour to 9 
ug/hour, such as from 2.5ug/hour to 8.5ug/hour, Such as from 
3ug/hour to 8 ug/hour and including from 3.5 ug/hour to 7.5 
ug/hour over the course of the dosage interval. 
0065. In certain embodiments, methods include maintain 
ing the transdermal delivery device in contact with the subject 
in a manner Sufficient to provide a peak rate of dexmedeto 
midine delivery at specific times during treatment. For 
instance, methods may include applying a transdermal deliv 
ery device containing a dexmedetomidine composition and 
maintaining the transdermal delivery device in contact with 
the Subject in a manner Sufficient to achieve a peak rate of 
dexmedetomidine delivery to the subject at about 0.5 hours or 
later after applying the transdermal delivery device to the 
Subject, Such as at about 1 hour or later, such as at about 1.5 
hours or later, such as at about 2 hours or later, Such as at about 
2.5 hours or later, such as at about 3 hours or later, such as at 
about 3.5 hours or later and including maintaining the trans 
dermal delivery device in contact with the subject in a manner 
sufficient to achieve a peak rate of dexmedetomidine delivery 
to the Subject at about 4 hours or later after applying the 
transdermal delivery device to the Subject. In some instances, 
the method include applying a transdermal delivery device 
containing a dexmedetomidine composition and maintaining 
the transdermal delivery device in contact with the subject in 
a manner Sufficient to achieve a peak rate of dexmedetomi 
dine delivery to the subject at from 0.5 hours to 4 hours after 
applying the transdermal delivery device to the Subject, Such 
as from about 0.75 hours to 3.75 hours, such as from about 1 
hour to about 3.5 hours, such as from about 1.25 hours to 
about 3.25 hours and including as from about 1.5 hours to 
about 3 hours after applying the transdermal delivery device 
to the subject. 
0066. In some embodiments, a peak concentration of 
dexmedetomidine delivery to the subject is achieved at about 
3 hours after applying the transdermal delivery device to the 
Subject. In other embodiments, a peak concentration of 
dexmedetomidine delivery to the subject is achieved at about 
4 hours after applying the transdermal delivery device to the 
Subject. 
0067. The peak rate of delivery may vary depending on the 
physiology of the Subject and desired treatment protocol and 
may be 0.1 ug/cm/hr or greater, such as 0.2 Lig/cm/hr or 
greater, such as 0.3 ug/cm/hr or greater, such as 0.5 g/cm/ 
hr, such as 0.9 ug/cm/hr, such as 1.5 Lig/cm/hr or greater, 
such as 2.5ug/cm/hr or greater, such as 1.75 ug/cm/hr or 
greater and including 4.5ug/cm/hr or greater. For peak flux 
of transdermal dexmedetomidine delivery, an upper limit is, 
in some instances, 10 g/cm/hr or less, such as 9 g/cm/hr 
or less, such as 8 Lig/cm/hr or less, such as 7 ug/cm/hr or 
less, 6 ug/cm/hr or less, such as 5ug/cm/hr or less and 
including 2 ug/cm/hr or less. In certain embodiments, the 
peak flux of transdermal dexmedetomidine delivery ranges 
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such as from 0.5 g/cm/hr to 10 ug/cm/hr, such as from 1 
ug/cm/hr to 9 g/cm/hr and including from 2 ug/cm/hr to 8 
ug/cm/hr. 
0068 Methods according to certain embodiments may 
include applying to the Subject a transdermal delivery device 
containing a dexmedetomidine composition and maintaining 
the transdermal dexmedetomidine composition in contact 
with the Subject in a manner Sufficient to maintain a transder 
mal dexmedetomidine flux which is within 30% or more of 
the peak transdermal dexmedetomidine flux after reaching 
the peak transdermal flux. As such, once transdermal delivery 
devices of interest reach peak transdermal dexmedetomidine 
flux, the transdermal delivery device is configured to maintain 
a flux of dexmedetomidine to the subject that is at least 30% 
of peak flux during the course of any given dosage interval, 
such as at least 35%, such as at least 40% and including at 
least 50% of peak flux during the course of any given dosage 
interval. In other words, once peak flux is reached by the 
transdermal delivery device according to these particular 
embodiments, the transdermal flux of dexmedetomidine to 
the subject does not fall below 30% or more of the peak flux 
at any time during the dosage interval. 
0069. For example, the transdermal dexmedetomidine 
composition may be maintained in contact with the Subject in 
a manner Sufficient to maintain the transdermal dexmedeto 
midine flux which is within 80% or more of peak transdermal 
dexmedetomidine flux, such as within 85% or more, such as 
within 90% or more, such as within 95% and including within 
99% of peak transdermal dexmedetomidine flux after reach 
ing peak transdermal flux. In certain embodiments, the trans 
dermal dexmedetomidine flux does not decrease at all after 
reaching peak flux and maintains a rate of 100% of peak 
dexmedetomidine flux from the moment it reaches peak flux 
until the end of a given dosage interval. 
0070. In certain embodiments, methods include determin 
ing the transdermal dexmedetomidine flux. The transdermal 
dexmedetomidine flux may be determined using any conve 
nient protocol. Such for example by protocols employing 
human cadaver skin with epidermal layers (stratum corneum 
and epidermis) in a Franz cell having donorand receptor sides 
clamped together and receptor Solution containing phosphate 
buffer. In some instances, the flux of the dexmedetomidine 
can be determined by the equation: 

Jin a FxC (1) 

0071 where J is the skin flux, C is the concentration gra 
dient across the skin or mucous membrane and P is the per 
meability coefficient. Skin flux is the change in cumulative 
amount of drug entering the body across the skin or mucous 
membrane with respect to time. 
0072 The amount of permeated dexmedetomidine can 
further be characterized by liquid chromatography. The trans 
dermal dexmedetomidine flux may be determined at any time 
during methods of the invention. In some embodiments, the 
transdermal dexmedetomidine flux may be monitored 
throughout the entire time the transdermal dexmedetomidine 
composition is maintained in contact with the permeation 
barrier (e.g., human cadaver skin). Such by real-time data 
collection. In other instances, the transdermal dexmedetomi 
dine flux is monitored by collecting data at regular intervals, 
e.g., collecting data every 0.25 hours, every 0.5 hours, every 
1 hour and including every 2 hours or some other interval. In 
yet other instances, the transdermal dexmedetomidine flux is 
monitored by collecting data according to a particular time 
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schedule. For instance, the transdermal dexmedetomidine 
flux may be determined 15 minutes after applying the trans 
dermal delivery device, 30 minutes after applying the trans 
dermal delivery device, 1 hour after applying the transdermal 
delivery device, 2 hours after applying the transdermal deliv 
ery device and including 3 hours after applying the transder 
mal delivery device. 
0073. The transdermal dexmedetomidine flux may be 
determined one or more times at any given measurement 
period. Such as 2 or more times, such as 3 or more times, 
including 5 or more times at each measurement period. An 
upper limit for the number of times the transdermal dexme 
detomidine flux is determined is, in Some instances, 10 times 
or fewer, such as 7 times or fewer, such as 5 times or fewer, 
such as 3 times or fewer and including 2 times or fewer. In 
certain embodiments, the number of times the transdermal 
dexmedetomidine flux is determined ranges such as from 2 
times to 10 times, such as from 3 times to 9 times, such as 
from 4 times to 8 times and including from 5 times to 7 times. 
0074 As such, where the transdermal dexmedetomidine 
composition is maintained in contact with the Subject in a 
manner Sufficient to provide a transdermal dexmedetomidine 
flux which is within at least 30% of peak transdermal dexme 
detomidine flux, the transdermal composition may be main 
tained in contact with the Subject in a manner Sufficient to 
provide a flux which is 0.15ug/cm/hr or greater after reach 
ing a peak transdermal flux of 0.5 g/cm/hr, such as 0.18 
ug/cm/hr or greater after reaching a peak transdermal flux of 
0.6 g/cm/hr, such as 0.225ug/cm/hr or greater after reach 
ing a peak transdermal flux of 0.75 g/cm/hr, such as 0.27 
ug/cm/hr or greater after reaching a peak flux of 0.9 g/cm/ 
hr, such as 0.3 ug/cm/hr or greater after reaching a peak flux 
of 10 ug/cm/hr, such as 1.5ug/cm/hr after reaching a peak 
flux of 5 Lig/cm/hr or greater and including maintaining the 
transdermal dexmedetomidine composition in contact with 
the subject in a manner sufficient to provide a flux which is 3.0 
ug/cm/hr or greater after reaching a peak flux of 10.0 
ug/cm/hr. 
0075. In certain embodiments, during treatment the trans 
dermal composition is maintained in contact with the Subject 
Sufficient to provide a steady state average flux of dexmedeto 
midine to the subject. The term “steady state' is used in its 
conventional sense to mean that the amount of dexmedeto 
midine released from the transdermal composition maintains 
a substantially constant average flux of dexmedetomidine. As 
such, the dexmedetomidine flux from transdermal delivery 
devices of interest increases or decreases by 30% or less at 
any time while the transdermal delivery device is maintained 
in contact with the subject, such as 20% or less, such as 15% 
or less, such as 12% or less, such as 10% or less, such as 6% 
or less, such as 5% or less, such as 4% or less, and including 
1% or less at any time while the transdermal delivery device 
is maintained in contact with the Subject. 
0076. In these embodiments, the transdermal delivery 
device is configured to provide a constant flux, Such as by 
introducing a concentration gradient across the skin or 
mucous membrane or providing an excess in dexmedetomi 
dine dosage amount. For example, dexmedetomidine trans 
dermal compositions of interest may include a dexmedetomi 
dine dosage that is 5% or greater in excess of the normal 
dosage amount, Such as 10% or greater, Such as 15% or 
greater, such as 20% or greater, and including 25% or greater 
in excess of the normal dosage amount. For amount of excess 
dexmedetomidine present in the transdermal delivery device 
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to provide a constant flux, an upper limit is, in some instances 
50% or less in excess, such as 45% or less in excess, such as 
25% or less in excess, such as 20% or less in excess and 
including 10% or less in excess of the normal dosage amount. 
While dexmedetomidine transdermal compositions of inter 
est may include an excess in order to provide a constant flux, 
the excess dosage amount is not absorbed as part of the 
dosage interval. As such, in some embodiments where the 
transdermal dexmedetomidine composition is maintained in 
a manner sufficient to provide a constant flux, 25% or less of 
the available dexmedetomidine in the transdermal composi 
tion may not be utilized, such as 20% or less, such as 15% or 
less, such as 10% or less, such as 5% or less and including 1% 
or less of the available dexmedetomidine in the transdermal 
composition may not be utilized during the dosage interval. 
0077. In some embodiments, in maintaining the dexme 
detomidine transdermal composition in contact with the Sub 
ject the average cumulative amount of permeated dexmedeto 
midine increases at a Substantially linear rate over the course 
of the dosage interval (e.g., 7 days or longer). By 'substan 
tially linearly” is meant that the cumulative amount of dexme 
detomidine released from the transdermal composition 
increases at a substantially constant rate (i.e., defined by 
Zero-order kinetics). As such, the change in rate of cumulative 
permeated dexmedetomidine increases or decreases by 10% 
or less at any given time while maintaining the transdermal 
composition in contact with the Subject, such as 8% or less, 
such as 7% or less, such as 6% or less, such as 5% or less, such 
as 3% or less, such as 2.5% or less, such as 2% or less, and 
including 1% or less at any time while maintaining the 
dexmedetomidine transdermal composition in contact with 
the subject. 
0078 Methods for treating ADHD, anxiety and insomnia 
in a subject according to certain embodiments may also 
include applying a transdermal delivery device containing a 
dexmedetomidine composition and maintaining the transder 
mal dexmedetomidine composition in contact with the Sub 
ject in a manner Sufficient to deliver an amount of dexmedeto 
midine to a Subject which provides a mean plasma 
concentration which ranges from 0.01 ng/mL to 0.4 ng/mL 
over the course of a dosage interval. Such as from 0.05 ng/mL 
to 0.35 ng/mL. Such as from 0.15 ng/mL to 0.4 ng/mL, such as 
from 0.2 ng/mL to 0.35 ng/mL and including from 0.25 
ng/mL to 0.3 ng/mL over the course of the dosage interval. 
For example, the transdermal delivery device may be main 
tained in contact with the Subject in a manner Sufficient to 
provide a mean plasma concentration which ranges from 0.16 
ng/mL to 0.36 ng/mL over the course of a dosage interval 
(e.g., an 8 hour or longer dosage interval). 
0079. In certain embodiments, methods include maintain 
ing the transdermal delivery device in contact with the subject 
in a manner Sufficient to provide a desired plasma concentra 
tion of dexmedetomidine at specific times during treatment. 
For instance, methods may include applying to the Subject a 
transdermal delivery device containing a dexmedetomidine 
composition and maintaining the transdermal delivery device 
in contact with a subject in a manner Sufficient to achieve a 
peak plasma concentration of dexmedetomidine in the Sub 
ject at about 2 hours or later after applying the transdermal 
delivery device to the subject, such as at about 2.5 hours or 
later, such as at about 3 hours or later, such as at about 3.5 
hours or later, such as at about 4 hours or later, Such as at about 
4.5 hours or later and including maintaining the transdermal 
delivery device in contact with a subject in a manner Sufficient 
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to achieve a peak plasma concentration of dexmedetomidine 
in the subject at about 5 hours or later after applying the 
transdermal delivery device to the subject. In some embodi 
ments, a peak plasma concentration of dexmedetomidine in 
the subject is achieved at about 3 hours or later after applying 
the transdermal delivery device to the subject. In other 
embodiments, a peak plasma concentration of dexmedetomi 
dine in the subject is achieved at about 5 hours or later after 
applying the transdermal delivery device to the Subject. 
0080. In certain embodiments, methods may also include 
determining the plasma concentration of dexmedetomidine 
during treatment. The plasma concentration may be deter 
mined using any convenient protocol. Such for example by 
liquid chromatography-mass spectrometry (LCMS). The 
plasma concentration of the dexmedetomidine may be deter 
mined at any time desired. In some embodiments, the plasma 
concentration of dexmedetomidine may be monitored 
throughout the entire time the transdermal delivery device is 
maintained in contact with the Subject, Such by real-time data 
collection. In other instances, the plasma concentration of 
dexmedetomidine is monitored while maintaining the trans 
dermal delivery device in contact with the subject by collect 
ing data at regular intervals, e.g., collecting data every 0.25 
hours, every 0.5 hours, every 1 hour including every 2 hours, 
or some other interval. In yet other instances, the plasma 
concentration of dexmedetomidine is monitored while main 
taining the transdermal delivery device in contact with the 
Subject by collecting data according to a particular time 
schedule after applying the transdermal delivery device to the 
Subject. For instance, the plasma concentration of dexme 
detomidine may be determined 15 minutes after applying the 
transdermal delivery device to the subject, 30 minutes after 
applying the transdermal delivery device to the Subject, 1 
hour after applying the transdermal delivery device to the 
Subject, 2 hours after applying the transdermal delivery 
device to the Subject and including 3 hours after applying the 
transdermal delivery device to the subject. 
I0081. In certain embodiments, the plasma concentration 
of dexmedetomidine is determined before the transdermal 
delivery device is applied to a subject, such as for example, to 
determine the basal plasma concentration of the dexmedeto 
midine. For example, the plasma concentration may be deter 
mined 5 minutes before applying the transdermal delivery 
device, such as 10 minutes before, such as 30 minutes before, 
such as 60 minutes before and including 120 minutes before 
applying the transdermal delivery device. As described 
above, methods may include multiple dosage intervals where 
applying and maintaining the transdermal delivery device in 
contact with the subject may be repeated. In these embodi 
ments, the plasma concentration may be determined after a 
first transdermal delivery device is removed and before a 
second transdermal delivery device is applied. 
I0082. The blood plasma concentration of the dexmedeto 
midine may be determined one or more times at any given 
measurement period. Such as 2 or more times, such as 3 or 
more times, including 5 or more times at each measurement 
period. An upper limit for the number of times the blood 
plasma concentration of dexmedetomidine is determined at 
any given measurement period is, in Some instances, 10 times 
or fewer, such as 7 times or fewer, such as 5 times or fewer, 
such as 3 times or fewer and including 2 times or fewer. In 
certain embodiments, the number of times the blood plasma 
concentration of dexmedetomidine is determined at any given 
measurement period ranges such as from 2 times to 10 times, 
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such as from 3 times to 9 times, such as from 4 times to 8 times 
and including from 5 times to 7 times. 
0083. As described above, aspects of the invention include 
treating ADHD, anxiety or insomnia in a Subject by applying 
a transdermal delivery device containing a dexmedetomidine 
composition and maintaining the transdermal dexmedetomi 
dine composition in contact with the Subject. In some 
embodiments, methods for treating ADHD, anxiety or insom 
nia in a subject may include maintaining the transdermal 
composition in contact with the Subject in a manner Sufficient 
to deliver a predetermined amount of dexmedetomidine to the 
subject. Where protocols include delivering a predetermined 
amount of dexmedetomidine to the Subject, the amount of 
dexmedetomidine in the compositions of interest may range 
from 0.001 mg to 10 mg, such as 0.005 to 9.5 mg, such as 0.01 
mg to 8.5 mg. Such as 0.05 to 8 mg. Such as 0.1 mg to 7.5 mg. 
Such as 0.5 mg to 7 mg and including from 1 mg to 5 mg. 
0084. In certain embodiments, the predetermined amount 
of dexmedetomidine delivered to the subject may be a per 
centage of the total amount of dexmedetomidine present in 
the compositions. For instance, the predetermined amount of 
dexmedetomidine delivered to the subject may be 5% or 
greater of the total amount of dexmedetomidine present in the 
composition, Such as 10% or greater, Such as 25% or greater, 
Such as 40% or greater, such as 45% or greater and including 
50% or greater of the total amount of dexmedetomidine 
present in the composition. For utilization percentage, an 
upper limit over the course of a dosage interval is, in some 
instances, 90% or less, such as 75% or less, such as 50% or 
less and including 25% or less over the course of a dosage 
interval. 

0085 For example, where the transdermal dexmedetomi 
dine composition contains 10 mg of dexmedetomidine, meth 
ods may include maintaining the transdermal delivery device 
in contact with the subject in a manner sufficient to deliver 0.5 
mg or more of dexmedetomidine in the transdermal compo 
sition over the course of the dosage interval. Such as 1.0 mg or 
more, Such as 2.5 mg or more, Such as 4.5 mg or more. Such 
as 5.5 mg or more and including maintaining the transdermal 
delivery device in contact with the subject in a manner suffi 
cient to deliver 5 mg or more of dexmedetomidine in the 
transdermal composition. 
I0086. In certain embodiments, the predetermined amount 
of dexmedetomidine delivered to the subject may be a per 
centage of the total amount of dexmedetomidine present in 
the dexmedetomidine transdermal compositions. For 
instance, the predetermined amount of dexmedetomidine 
delivered to the subject may be 1% or greater of the total 
amount of dexmedetomidine present in the dexmedetomidine 
transdermal composition, such as 2% or greater, Such as 5% 
or greater, such as 10% or greater, Such as 25% or greater and 
including 50% or greater of the total amount of dexmedeto 
midine present in the dexmedetomidine transdermal compo 
sition. In other words, methods may include maintaining the 
dexmedetomidine transdermal composition in contact with 
the subject in a manner sufficient to deliver 5% or greater of 
the dexmedetomidine in the dexmedetomidine transdermal 
composition to the Subject over the course of a single dosage 
interval. In these embodiments, the utilization percentage of 
dexmedetomidine is 5% or greater during the time the trans 
dermal delivery device is maintained in contact with the sub 
ject. As such, 95% or less of the original amount of dexme 
detomidine remains in the dexmedetomidine transdermal 
composition after a dosage interval. As described in greater 
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detail below, the subject transdermal delivery devices are 
capable of high utilization percentage. In other words, the 
subject transdermal delivery devices are capable of delivering 
dexmedetomidine to the subject leaving little residual dexme 
detomidine in the transdermal delivery device after a given 
dosage interval. The utilization percentage may be 5% or 
greater over the course of a dosage interval. Such as 10% or 
greater, such as 25% or greater, Such as 40% or greater, Such 
as 45% or greater and including 50% or greater of the dexme 
detomidine over the course of a dosage interval. For utiliza 
tion percentage, an upper limit over the course of a dosage 
interval is, in some instances, 90% or less, such as 50% or 
less, such as 25% or less and including 5% or less over the 
course of a dosage interval. 
I0087. For instance, where the subject dexmedetomidine 
transdermal composition contains 1 mg of dexmedetomidine, 
methods may include maintaining the transdermal delivery 
device in contact with the Subject in a manner Sufficient to 
deliver 0.05 mg or more of dexmedetomidine in the dexme 
detomidine transdermal composition over the course of the 
dosage interval (e.g., 7 days or longer). Such as 0.1 mg or 
more, such as 0.25 mg or more, such as 0.4 mg or more. Such 
as 0.45 mg or more and including maintaining the transder 
mal delivery device in contact with the Subject in a manner 
sufficient to deliver 0.5 mg or more of dexmedetomidine in 
the dexmedetomidine composition. As such, 0.95 mg or less 
of dexmedetomidine remains in the dexmedetomidine trans 
dermal composition after 7 days or longer, Such as 0.9 mg or 
less, such as 0.75 mg or less, such as 0.6 mg or less and 
including 0.5 mg or less of dexmedetomidine remains in the 
dexmedetomidine transdermal composition after the dosage 
interval. 

I0088 As described in greater detail below, in certain 
embodiments transdermal delivery devices include a single 
layer matrix dexmedetomidine composition which is config 
ured to deliver an amount of dexmedetomidine sufficient to 
treat ADHD, anxiety or insomnia in a subject. As such, meth 
ods according to certain instance include applying a transder 
mal delivery device having a single layer matrix dexmedeto 
midine composition and maintaining the single layer 
dexmedetomidine composition in contact with the Subject 
overa period of time sufficient to deliver an amount of dexme 
detomidine sufficient to treat ADHD, anxiety and insomnia in 
the subject. 
I0089. In certain embodiments, each of the subject meth 
ods described in greater detail below may further include the 
step of removing the transdermal delivery device from con 
tact with the subject at the conclusion of a dosage interval. For 
example, the transdermal delivery device may be removed 
from contact with the Subject after maintaining the transder 
mal delivery device in contact with the subject for 0.5 hours or 
more, such as 1 hour or more, such as 2 hours or more, such 
as 4 hours or more, such as 8 hours or more. Such as 12 hours 
or more and including 24hours or more. An upper limit for the 
amount of time the transdermal delivery device is maintained 
in contact with a Subject before removal is, in some instances, 
24 hours or shorter, such as 20 hours or shorter, such as 16 
hours or shorter, Such as 12 hours or shorter, Such as 8 hours 
or shorter, Such as 4 hours or shorter, such as 3 hours or 
shorter, Such as 2 hours or shorter and including 1 hour or 
shorter. 
(0090. By “removing the transdermal delivery device 
from contact with the Subject is meant that no amount of 
dexmedetomidine from the transdermal composition remains 
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in contact with the Subject, including any residual amount of 
dexmedetomidine left behind on the surface of the skin or 
mucous membrane when the transdermal delivery device was 
applied. In other words, when the transdermal delivery device 
is removed all traces of dexmedetomidine are no longer on the 
Surface of the skin or mucous membrane at the application 
site, resulting in Zero transdermal flux of dexmedetomidine 
into the subject. 
0091. As described above, a dosage interval is a single 
administration of applying and maintaining the transdermal 
delivery device in contact with the subject which begins with 
applying the transdermal dexmedetomidine composition to 
the skin or mucous membrane of the subject and ends with the 
removal of the transdermal delivery device from contact with 
the Subject. In certain embodiments, protocols for may 
include multiple dosage intervals. By "multiple dosage inter 
vals” is meant more than one transdermal delivery device is 
applied and maintained in contact with the Subject in a 
sequential manner. As such, a transdermal delivery device is 
removed from contact with the subject and a new transdermal 
delivery device is reapplied to the Subject. In practicing meth 
ods of the invention, treatment regimens may include two or 
more dosage intervals, such as three or more dosage intervals, 
Such as four or more dosage intervals, such as five or more 
dosage intervals, including ten or more dosage intervals. 
0092. The location on the subject for reapplying subse 
quent transdermal delivery devices in multiple dosage treat 
ment regimens may be the same or different from the location 
on the subject where the previous transdermal delivery device 
was removed. For example, if a first transdermal delivery 
device is applied and maintained on the leg of the Subject, one 
or more Subsequent transdermal delivery devices may be 
reapplied to the same position on the leg of the subject. On the 
other hand, if a first transdermal delivery device was applied 
and maintained on the leg of the Subject, one or more Subse 
quent transdermal delivery device may be reapplied to a dif 
ferent position, such as the abdomen or back of the Subject. 
Subsequent dosages applied in multiple dosage interval regi 
mens may have the same or different formulation of dexme 
detomidine. In certain instances, a Subsequent dosage interval 
in a treatment regimen may contain a higher or lower concen 
tration of dexmedetomidine than the previous dosage inter 
val. For example, the concentration of dexmedetomidine may 
be increased in subsequent dosage intervals by 10% or 
greater, Such as 20% or greater, Such as 50% or greater, Such 
as 75% or greater, such as 90% or greater and including 100% 
or greater. An upper limit for the increase in concentration of 
dexmedetomidine in Subsequent dosage intervals is, in some 
instances, 10-fold or less, such as 5-fold or less, such as 2-fold 
or less, such as 1-fold or less, such as 0.5-fold or less and 
including 0.25-fold or less. 
0093. On the other hand, the concentration of dexmedeto 
midine may be decreased in Subsequent dosage intervals, 
Such as by 10% or greater, such as 20% or greater, Such as 
50% or greater, such as 75% or greater, such as 90% or greater 
and including 100% or greater. An upper limit for the 
decrease in concentration of dexmedetomidine in Subsequent 
dosage intervals is, in Some instances, 10-fold or less, such as 
5-fold or less, such as 2-fold or less, such as 1-fold or less, 
such as 0.5-fold or less and including 0.25-fold or less. 
0094. In other instances, a subsequent dosage interval may 
contain a different formulation of dexmedetomidine than the 
previous dosage interval, Such as a different pressure sensitive 
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adhesive or the presence or absence of a permeation enhancer, 
as described in greater detail below. 
0095. In certain embodiments, compositions of the inven 
tion can be administered prior to, concurrent with, or Subse 
quent to other therapeutic agents for treating the same or an 
unrelated condition. If provided at the same time as another 
therapeutic agent, the Subject dexmedetomidine composi 
tions may be administered in the same or in a different com 
position. Thus, dexmedetomidine compositions of interest 
and other therapeutic agents can be administered to the Sub 
ject by way of concurrent therapy. By “concurrent therapy” is 
intended administration to a subject such that the therapeutic 
effect of the combination of the substances is caused in the 
Subject undergoing therapy. For example, concurrent therapy 
may be achieved by administering dexmedetomidine compo 
sitions of the invention with a pharmaceutical composition 
having at least one other agent, such as an analgesic (such as 
an opioid), anesthetic, antihypertensive, chemotherapeutic, 
among other types of therapeutics, which in combination 
make up a therapeutically effective dose, according to a par 
ticular dosing regimen. Administration of the separate phar 
maceutical compositions can be performed simultaneously or 
at different times (i.e., sequentially, in either order, on the 
same day, or on different days), so long as the therapeutic 
effect of the combination of these substances is caused in the 
Subject undergoing therapy. 
0096. Where dexmedetomidine is administered concur 
rently with a second therapeutic agent to treat the same con 
dition, the weight ratio of dexmedetomidine to second thera 
peutic agent may range from 1:2 and 1:2.5; 1:2.5 and 1:3; 1:3 
and 1:3.5 1:3.5 and 1:4; 1:4 and 1:4.5; 1:4.5 and 1:5; 1:5 and 
1:10; and 1:10 and 1:25 or a range thereof. For example, the 
weight ratio of dexmedetomidine to second therapeutic agent 
may range between 1:1 and 1:5; 1:5 and 1:10; 1:10 and 1:15: 
or 1:15 and 1:25. Alternatively, the weight ratio of the second 
therapeutic agent to dexmedetomidine ranges between 2:1 
and 2.5:1; 2.5:1 and 3:1; 3:1 and 3.5:1; 3.5:1 and 4:1; 4:1 and 
4.5:1; 4.5:1 and 5:1; 5:1 and 10:1; and 10:1 and 25:1 or a range 
thereof. For example, the ratio of the second therapeutic agent 
dexmedetomidine may range between 1:1 and 5:1; 5:1 and 
10:1; 10:1 and 15:1; or 15:1 and 25:1. 

Dexmedetomidine Transdermal Delivery Devices 
Containing a Dexmedetomidine Composition for Treating a 
Subject for ADHD, Anxiety or Insomnia 
0097 Aspects of the invention also include dexmedetomi 
dine transdermal delivery devices for delivering an amount of 
dexmedetomidine to a subject Suitable for practicing the Sub 
ject methods. Transdermal delivery devices of interest 
include a composition having dexmedetomidine and a pres 
Sure sensitive adhesive. 
0098. Dexmedetomidine is the S-enantiomer of medeto 
midine described by the formula: 

N 

( 
N 
H 

0099 Dexmedetomidine according to embodiments of the 
invention may be in the form of a free base, salt, solvate, 
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hydrate or complex. For example, dexmedetomidine may be 
in the form of a pharmaceutically acceptable salt including, 
but not limited to, a mesylate, maleate, fumarate, tartrate, 
hydrochloride, hydrobromide, esylate, p-toluenesulfonate, 
benzoate, acetate, phosphate and Sulfate salt. Dexmedetomi 
dine according to Some embodiments may be a free base. In 
other instances, dexmedetomidine may form a complex. 
0100 Depending on the site of application and the physi 
ology of the Subject (e.g., body mass), the amount of dexme 
detomidine in compositions of interest may vary, in some 
instances, the amount of dexmedetomidine ranges from 0.001 
mg to 50 mg, such as 0.005 mg to 40 mg, such as 0.01 to 30 
mg, Such as 0.05 to 20 mg, and including 0.1 mg to 10 mg. In 
Some embodiments, the amount of dexmedetomidine in the 
transdermal composition ranges from 0.1% to 20% w/w, such 
as 0.5% to 18% w/w, such as 1% to 15%, such as 2% to 12.5% 
w/w and including 3% to 10% w/w. In other embodiments, 
the amount of dexmedetomidine in the subject transdermal 
compositions is 10% by weight or less of the total weight of 
the transdermal composition, Such as 9% by weight or less, 
such as 8% by weight or less, such as 7% by weight or less, 
such as 6% by weight or less, such as 5% by weight or less and 
including 3% by weight or less of the total weight of the 
transdermal composition. In certain embodiments, dexme 
detomidine compositions include an amount which is below 
the saturation point of dexmedetomidine. In other embodi 
ments, dexmedetomidine compositions include a saturated 
amount of dexmedetomidine. In yet other embodiments, 
dexmedetomidine compositions include a Supersaturated 
amount of dexmedetomidine. 

0101. In certain embodiments, dexmedetomidine compo 
sitions described herein are formulated to deliver a sedative 
amount of dexmedetomidine. As described above, by seda 
tive is meant that the dexmedetomidine composition is for 
mulated to deliver an amount of dexmedetomidine to the 
Subject which causes at least partial sedation. In certain 
embodiments, transdermal delivery devices include dexme 
detomine compositions formulated to deliver an amount of 
dexmedetomidine to the subject such that the subject is char 
acterized as being in a state where the Subject can exhibit 
brisk response to light glabellar tap or loud auditory stimulus. 
In other instances, transdermal delivery devices include 
dexmedetomine compositions formulated to deliver an 
amount of dexmedetomidine to the subject such that the sub 
ject exhibits a sluggish response to light glabellar tap or loud 
auditory stimulus. In certain instances, transdermal delivery 
devices include a dexmedetomidine composition formulated 
to deliver an amount of dexmedetomidine which is fully 
sedative and the Subject is characterized as being in a state 
where the subject exhibits no response to touch or auditory 
stimulus. 

0102. As described in greater detail below, in some 
embodiments dexmedetomidine transdermal compositions 
of interest are formulated such that throughout transdermal 
administration the Subject may be evaluated according to the 
Ramsey Sedation Scale and assigned a Ramsey score of 2 or 
higher, such as 3 or higher, Such as 4 or higher and including 
a Ramsey Score of 5. For example, methods may include 
delivering an amount of dexmedetomidine to the Subject in 
manner Sufficient to maintain a Ramsay score of between 2 
and 5 in the Subject, Such as between 3 and 5 and including a 
Ramsay score of between 4 and 5. 
0103) In embodiments of the present invention, transder 
mal dexmedetomidine compositions also include a pressure 
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sensitive adhesive. Pressure sensitive adhesives may include, 
but are not limited to, poly-isobutene adhesives, poly-isobu 
tylene adhesives, poly-isobutene/polyisobutylene adhesive 
mixtures, carboxylated polymers, acrylic or acrylate copoly 
mers, such as carboxylated acrylate copolymers. 

0104. Where the pressure sensitive adhesive includes 
polybutene, the polybutene may be saturated polybutene. 
Alternatively, the polybutene may be unsaturated polybutene. 
Still further, the polybutene may be a mixture or combination 
of saturated polybutene and unsaturated polybutene. In some 
embodiments, the pressure sensitive adhesive may include a 
composition that is, or is substantially the same as, the com 
position of Indopol R L-2, Indopol R. L-3, Indopol.R L-6, 
Indopol R L-8, Indopol R L-14, Indopol.R H-7, IndopolR) 
H-8, Indopol R H-15, Indopol R H-25, Indopol R H-35, 
Indopol R. H-50, Indopol R H-100, Indopol R H-300, 
Indopol.R H-1200, Indopol R H-1500, Indopol R H-1900, 
Indopol.R H-2100, Indopol R H-6000, Indopol R H-18000, 
Panalane R. L-14E, Panalane(R) H-300E and combinations 
thereof. In certain embodiments, the polybutene pressure 
sensitive adhesive is Indopol.R H-1900. In other embodi 
ments, the polybutene pressure-sensitive adhesive is 
Panalane(R) H-300E. 

0105 Acrylate copolymers of interest include copolymers 
of various monomers, such as “soft' monomers, “hard' 
monomers or “functional monomers. The acrylate copoly 
mers can be composed of a copolymer including bipolymer 
(i.e., made with two monomers), a terpolymer (i.e., made with 
three monomers), or a tetrapolymer (i.e., made with four 
monomers), or copolymers having greater numbers of mono 
mers. The acrylate copolymers may be crosslinked or non 
crosslinked. The polymers can be cross-linked by known 
methods to provide the desired polymers. The monomers 
from of the acrylate copolymers may include at least two or 
more exemplary components selected from the group includ 
ing acrylic acids, alkyl acrylates, methacrylates, copolymer 
izable secondary monomers or monomers with functional 
groups. Monomers (“soft' and “hard' monomers) may be 
methoxyethyl acrylate, ethyl acrylate, butyl acrylate, butyl 
methacrylate, hexyl acrylate, hexyl methacrylate, 2-ethylbu 
tyl acrylate, 2-ethylbutyl methacrylate, isooctyl acrylate, 
isooctyl methacrylate, 2-ethylhexyl acrylate, 2-ethylhexyl 
methacrylate, decyl acrylate, decyl methacrylate, dodecyl 
acrylate, dodecyl methacrylate, tridecyl acrylate, tridecyl 
methacrylate, acrylonitrile, methoxyethyl acrylate, methoxy 
ethyl methacrylate, and the like. Additional examples of 
acrylic adhesive monomers are described in Satas, “Acrylic 
Adhesives. Handbook of Pressure-Sensitive Adhesive Tech 
nology, 2nd ed., pp. 396-456 (D. Satas, ed.), Van Nostrand 
Reinhold, New York (1989), the disclosure of which is herein 
incorporated by reference. In some embodiments, the pres 
Sure sensitive adhesive is an acrylate-vinyl acetate copoly 
mer. In some embodiments, the pressure sensitive adhesive 
may include a composition that is, or is Substantially the same 
as, the composition of Duro-TakR 87-9301. Duro-Tak.R. 
87-200A, Duro-TakR87-2353, Duro-Tak.R87-2100, Duro 
Tak(R87-2051, Duro-Tak(R87-2052, Duro-Tak.R87-2194, 
Duro-Tak(R87-2677, Duro-Tak(R87-201A, Duro-Tak(R87 
2979, Duro-Tak.R87-2510, Duro-Tak(R87-2516. Duro 
Tak(R87-387, Duro-Tak(R87-4287, Duro-TakR87-2287, and 
Duro-Tak R87-2074 and combinations thereof. The term 
“substantially the same as used herein refers to a composi 
tion that is an acrylate-vinyl acetate copolymer in an organic 
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Solvent solution. In certain embodiments, the acrylic pres 
sure-sensitive adhesive is Duro-TakR 87-2054. 

0106. In certain embodiments, the pressure sensitive adhe 
sive is an acrylate adhesive that is a non-functionalized acry 
late, hydroxyl-functionalized acrylate or an acid functional 
ized acrylate. For example, the acrylate adhesive may be an 
acrylic adhesive having one or more —OH functional groups. 
Where the acrylic adhesive has one or more —OH functional 
groups, in Some instances, the pressure sensitive adhesive 
may be a composition that is, or is Substantially the same as, 
the composition of Duro-TakR 87-4287. Duro-Tak.R. 
87-2287, Duro-Tak.R. 87-2510 and Duro-Tak(R 87-2516 and 
combinations thereof. The acrylate adhesive may alterna 
tively be an acrylic adhesive having one or more —COOH 
functional groups. Where the acrylic adhesive has one or 
more —COOH functional groups, in some instances, the 
pressure sensitive adhesive may be a composition that is or is 
substantially the same as, the composition of Duro-Tak.R. 
87-387, Duro-Tak.R. 87-2979 and Duro-Tak.R. 87-2353 and 
combinations thereof. Still further, the acrylate adhesive may 
be a non-functionalized acrylic adhesive. Where the acrylic 
adhesive is non-functionalized, in Some instances the pres 
Sure sensitive adhesive may be a composition that is or is 
substantially the same as, the composition of Duro-Tak.R. 
87-93O1. 

0107 The amount of pressure sensitive adhesive in trans 
dermal dexmedetomidine compositions of interest may vary, 
the amount of pressure sensitive adhesive ranging from 0.1 
mg to 2000 mg, such as 0.5 mg to 1500 mg, such as 1 to 1000 
mg, such as 10 to 750 mg, and including 10 mg to 500 mg. As 
Such, the amount of pressure sensitive adhesive in the trans 
dermal composition ranges from 1% to 99% w/w, such as 5% 
to 95% w/w, such as 10% to 95%, such as 15% to 90% w/w 
and including 20% to 85% w/w. In other embodiments, the 
amount of pressure sensitive adhesive in the Subject transder 
mal compositions is 70% by weight or greater of the total 
weight of the transdermal composition, such as 75% by 
weight or greater, such as 80% by weight or greater, Such as 
85% by weight or greater, such as 90% by weight or greater, 
such as 95% by weight or greater and including 97% by 
weight or greater of the total weight of the transdermal com 
position. 
0108. The weight ratio of pressure sensitive adhesive to 
dexmedetomidine in the Subject compositions may range 
from 1:2 and 1:2.5; 1:2.5 and 1:3; 1:3 and 1:3.5 1:3.5 and 1:4: 
1:4 and 1:4.5; 1:4.5 and 1:5; 1:5 and 1:10; 1:10 and 1:25; 1:25 
and 1:50: 1:50 and 1:75; and 1:75 and 1:99 or a range thereof. 
For example, the weight ratio of pressure sensitive adhesive to 
dexmedetomidine in compositions of interest may range 
between 1:1 and 1:5; 1:5 and 1:10; 1:10 and 1:15; 1:15 and 
1:25; 1:25 and 1:50: 1:50 and 1:75 or 1:75 and 1:99. Alterna 
tively, the weight ratio of dexmedetomidine to pressure sen 
sitive adhesive in the Subject compositions ranges between 
2:1 and 2.5:1; 2.5:1 and 3:1; 3:1 and 3.5:1; 3.5:1 and 4:1; 4:1 
and 4.5:1; 4.5:1 and 5:1; 5:1 and 10:1; 10:1 and 25:1:25:1 and 
50:1:50:1 and 75:1; and 75:1 and 99:1 or a range thereof. For 
example, the ratio of dexmedetomidine to pressure sensitive 
adhesive in compositions of interest may range between 1:1 
and 5:1; 5:1 and 10:1; 10:1 and 15:1; 15:1 and 25:1:25:1 and 
50:1:50:1 and 75:1; or 75:1 and 99:1. 
0109. In some embodiments, transdermal dexmedetomi 
dine compositions may further include one or more 
crosslinked hydrophilic polymers. For example, the 
crosslinked polymer may be anamine-containing hydrophilic 
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polymer. Amine-containing polymers may include, but are 
not limited to, polyethyleneimine, amine-terminated polyeth 
ylene oxide, amine-terminated polyethylene/polypropylene 
oxide, polymers of dimethyl amino ethyl methacrylate, and 
copolymers of dimethylamino ethyl methacrylate and vinyl 
pyrrolidone. In certain embodiments, the crosslinked poly 
meris crosslinked polyvinylpyrrolidone. Such as for example 
PVP-CLM. 

0110. The matrix may contain other additives depending 
on the adhesive used. For example, materials, such as PVP 
CLM, PVP K17, PVP K30, PVP K90, that inhibit drug crys 
tallization, have hygroscopic properties that improve the 
duration of wear, and improve the physical properties, e.g., 
cold flow, tack, cohesive strength, of the adhesive. 
0111. The amount of crosslinked polymer in dexmedeto 
midine compositions of interest may vary, the amount of 
crosslinked polymer ranging from 0.1 mg to 500 mg. Such as 
0.5 mg to 400 mg, such as 1 to 300 mg, such as 10 to 200 mg. 
and including 10 mg to 100 mg. As such, the amount of 
crosslinked polymer in the transdermal composition ranges 
from 2% to 30% w/w, such as 4% to 30% w/w, such as 5% to 
25%, such as 6% to 22.5% w/w and including 10% to 20% 
w/w. In other embodiments, the amount of crosslinked poly 
mer in the subject transdermal compositions is 8% by weight 
or greater of the total weight of the transdermal composition, 
such as 10% by weight or greater, such as 12% by weight or 
greater, such as 15% by weight or greater, such as 20% by 
weight or greater, Such as 25% by weight or greater and 
including 30% by weight crosslinked polymer or greater of 
the total weight of the transdermal composition. 
0112. In certain embodiments, the subject transdermal 
dexmedetomidine compositions further include a dexme 
detomidine solubility enhancer. By “solubility enhancer is 
meant a compound or composition which increases the 
dexmedetomidine solubility in the Subject compositions, 
Such as, for example, to prevent any unwanted crystallization 
of dexmedetomidine in the composition. The dexmedetomi 
dine solubilization enhancer is incorporated into the dexme 
detomidine composition in an amount ranging from 0.01% to 
20% (w/w), such as from 0.05% to 15% (w/w), such as from 
0.1% to 10% (w/w), such as from 0.5% to 8% (w/w) and 
including from 1% to 5% (w/w). 
0113. Example solubility enhancers include, but are not 
limited to acids including linolic acid, oleic acid, linolenic 
acid, Stearic acid, isostearic acid, levulinic acid, palmitic acid, 
octanoic acid, decanoic acid, dodecanoic acid, tetradecanoic 
acid, hexadecanoic acid, octadecanoic acid (i.e., Stearic acid), 
N-lauroyl sarcosine, L-pyroglutamic acid, lauric acid, Suc 
cinic acid, pyruvic acid, glutaric acid, sebacic acid, cyclopen 
tane carboxylic acid; acylated amino acids. Other solubility 
enhancers of interest may include, but is not limited to ali 
phatic alcohols, such as Saturated or unsaturated higher alco 
hols having 12 to 22 carbon atoms (e.g., oleyl alcohol or 
lauryl alcohol); fatty acid esters, such as isopropyl myristate, 
diisopropyladipate, lauryl lactate, propyl laurate, ethyl oleate 
and isopropyl palmitate; alcohol amines, such as triethanola 
mine, triethanolamine hydrochloride, and diisopropanola 
mine; polyhydric alcohol alkyl ethers, such as alkyl ethers of 
polyhydric alcohols such as glycerol, ethylene glycol, propy 
lene glycol, 1,3-butylene glycol, diglycerol, polyglycerol, 
diethylene glycol, polyethylene glycol, dipropylene glycol, 
polypropylene glycol, polypropylene glycolmonolaurate, 
Sorbitan, Sorbitol, isosorbide, methylglucoside, oligosaccha 
rides, and reducing oligosaccharides, where the number of 
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carbon atoms of the alkyl group moiety in the polyhydric 
alcohol alkyl ethers is preferably 6 to 20; polyoxyethylene 
alkyl ethers, such as polyoxyethylene alkyl ethers in which 
the number of carbon atoms of the alkyl group moiety is 6 to 
20, and the number of repeating units (e.g. 
—O CHCH ) of the polyoxyethylene chain is 1 to 9, 
such as but not limited to polyoxyethylene lauryl ether, poly 
oxyethylene cetyl ether, polyoxyethylene Stearyl ether, and 
polyoxyethylene oleyl ether, glycerides (i.e., fatty acid esters 
of glycerol). Such as glycerol esters of fatty acids having 6 to 
18 carbon atoms, where the glycerides may be monoglycer 
ides (i.e., a glycerol molecule covalently bonded to one fatty 
acid chain through an ester linkage), diglycerides (i.e., a 
glycerol molecule covalently bonded to two fatty acid chains 
through ester linkages), triglycerides (i.e., a glycerol mol 
ecule covalently bonded to three fatty acid chains through 
ester linkages), or combinations thereof, where the fatty acid 
components forming the glycerides include octanoic acid, 
decanoic acid, dodecanoic acid, tetradecanoic acid, hexade 
canoic acid, octadecanoic acid (i.e., Stearic acid) and oleic 
acid; middle-chain fatty acid esters of polyhydric alcohols; 
lactic acid alkyl esters: dibasic acid alkyl esters; acylated 
amino acids; pyrrolidone; pyrrolidone derivatives and com 
binations thereof. Additional types of solubility enhancers 
may include lactic acid, tartaric acid, 1.2.6-hexanetriol, ben 
Zyl alcohol, lanoline, potassium hydroxide (KOH), tris(hy 
droxymethyl)aminomethane, glycerol monooleate (GMO). 
sorbitan monolaurate (SML), sorbitan monooleate (SMO), 
laureth-4 (LTH), and combinations thereof. In certain 
embodiments, the solubility absorption enhancer is levulinic 
acid, lauryl lactate or propylene glycolmonolaurate. 
0114. The formulation of the subject transdermal dexme 
detomidine composition may vary. For example, composi 
tions of the invention may be in the form of a liquid solution 
or Suspension, syrup, gel, foam or any combination thereof 
for application by the transdermal delivery device. 
0115. In some embodiments, the transdermal delivery 
device is configured to include a single layer matrix dexme 
detomidine composition. By “single layer is meant that the 
transdermal delivery device includes only a single layer of 
dexmedetomidine composition disposed on the Surface of a 
substrate of the transdermal delivery device and does not 
include separate distinct layers for the pressure sensitive 
adhesive, transdermal dexmedetomidine composition, or if 
present any solubility enhancers. Likewise, single layer trans 
dermal delivery devices of the present invention do not further 
include a separate dexmedetomidine reservoir (i.e., active 
agent reservoir) separate from the pressure sensitive adhe 
sive. As such, single layer transdermal delivery devices of the 
present invention may include in a single matrix an amount of 
each of the components of the transdermal dexmedetomidine 
compositions necessary for practicing the Subject methods, as 
described in greater detail below. For example, in some 
embodiments, single layer transdermal delivery devices of 
interest include a single layer matrix of dexmedetomidine and 
a pressure sensitive adhesive which is configured to deliver a 
an amount of dexmedetomidine sufficient to treat ADHD, 
anxiety or insomnia in a Subject. In another embodiment, 
single layer transdermal delivery devices of interest include a 
single layer matrix of dexmedetomidine, a pressure sensitive 
adhesive and a solubility enhancer which is configured to 
deliver an amount of dexmedetomidine sufficient to treat 
ADHD, anxiety or insomnia in a subject. In another embodi 
ment, single layer transdermal delivery devices of interest 
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include a single layer matrix of dexmedetomidine, a pressure 
sensitive adhesive and a fatty acid ester which is configured to 
deliver an amount of dexmedetomidine sufficient to treat 
ADHD, anxiety or insomnia in a subject. In certain embodi 
ments, single layer transdermal delivery devices of interest 
include a single layer matrix having only dexmedetomidine 
and a pressure sensitive adhesive. Depending on the length of 
the dosage interval and the desired target dosage, the thick 
ness of single layer matrices of interest may vary, in some 
instances ranging in thickness from 10 to 260 microns. Such 
as 15 to 250 microns, such as 25 to 225 microns, such as 50 to 
200 microns, such as 75 to 175 microns and including 20 to 
130 microns such as 35 to 110 microns. 

0116. The size of subject transdermal delivery devices 
may vary, in Some instances sized to cover the entire appli 
cation site on the Subject. As such, the transdermal delivery 
device may have a length ranging from 1 to 100 cm, such as 
from 1 to 60 cm and a width ranging from 1 to 100 cm, such 
as from 1 to 60 cm. As such, the area of the transdermal 
delivery device may range from 4 cm to 10,000 cm, such as 
from 5 cm to 1000cm, such as from 10cm to 100 cm, such 
as from 15 cm to 50 cm and including from 20 cm to 40 
cm. In certain embodiments, the transdermal delivery device 
is sized to have an area of 30 cm. In certain instances, the 
transdermal delivery device is insoluble in water. By 
insoluble in water is meant that that the transdermal delivery 
device may be immersed in water for a period of 1 day or 
longer, such as 1 week or longer, including 1 month or longer, 
and exhibit little if any dissolution, e.g., no observable disso 
lution. 

0117. In certain embodiments, the transdermal delivery 
device as described above furthers includes an overlay back 
ing layer. The overlay backing may be flexible. Such as so that 
it can be brought into close contact with the desired applica 
tion site on the subject. The overlay backing may be fabri 
cated from a material that does not absorb the dexmedetomi 
dine, and does not allow the dexmedetomidine to be leached 
from the matrix. Overlay backing layers of interest may 
include, but are not limited to, non-woven fabrics, woven 
fabrics, films (including sheets), porous bodies, foamed bod 
ies, paper, composite materials obtained by laminating a film 
on a non-woven fabric or fabric, and combinations thereof. 
0118 Non-woven fabric may include polyolefin resins 
Such as polyethylene and polypropylene; polyester resins 
such as polyethylene terephthalate, polybutylene terephtha 
late and polyethylene naphthalate; rayon, polyamide, poly 
(ester ether), polyurethane, polyacrylic resins, polyvinyl 
alcohol, styrene-isoprene-styrene copolymers, and styrene 
ethylene-propylene-styrene copolymers; and combinations 
thereof. Fabrics may include cotton, rayon, polyacrylic res 
ins, polyester resins, polyvinyl alcohol, and combinations 
thereof. Films may include polyolefin resins such as polyeth 
ylene and polypropylene; polyacrylic resins such as polym 
ethyl methacrylate and polyethyl methacrylate; polyester res 
ins such as polyethylene terephthalate, polybutylene 
terephthalate and polyethylene naphthalate; and besides cel 
lophane, polyvinyl alcohol, ethylene-vinyl alcohol copoly 
mers, polyvinyl chloride, polystyrene, polyurethane, poly 
acrylonitrile, fluororesins, styrene-isoprene-styrene 
copolymers, styrene-butadiene rubber, polybutadiene, ethyl 
ene-vinyl acetate copolymers, polyamide, and polysulfone; 
and combinations thereof. Papers may include impregnated 
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paper, coated paper, wood free paper, Kraft paper, Japanese 
paper, glassine paper, synthetic paper, and combinations 
thereof. 
0119) Depending on the dosage interval and the desired 
target dosage, the size of the overlay backing may vary, and in 
Some instances sized to cover the entire application site on the 
Subject. As such, the backing layer may have a length ranging 
from 2 to 100 cm, such as 4 to 60cm and a width ranging from 
2 to 100 cm, such as 4 to 60 cm. In certain instances, the 
overlay backing layer may insoluble in water. By insoluble in 
water is meant that that the backing layer may be immersed in 
water for a period of 1 day or longer, such as 1 week or longer, 
including 1 month or longer, and exhibit little if any dissolu 
tion, e.g., no observable dissolution. 
0120 Transdermal delivery devices having a dexmedeto 
midine composition according to embodiments of the inven 
tion are non-irritable to the skin of the subject at the site of 
application. Irritation of the skin is referred to herein in its 
general sense to refer to adverse effects, discoloration or 
damage to the skin, Such as for example, redness, pain, Swell 
ing or dryness. As such, in practicing methods with the Sub 
ject transdermal delivery devices the quality of the skin 
remains normal and transdermal delivery is consistent 
throughout the entire dosage interval. 
0121. In some embodiments, skin irritation is evaluated to 
determine the quality and color of the skin at the application 
site and to determine whether any damage, pain, Swelling or 
dryness has resulted from maintaining the transdermal com 
position in contact with the subject. The skin may be evalu 
ated for irritation by any convenient protocol. Such as for 
example using the Draize scale, as disclosed in Draize, J. H., 
Appraisal of the Safety of Chemicals in Foods, Drugs and 
Cosmetics, pp. 46-49. The Association of Food and Drug 
Officials of the United States: Austin, Tex., the disclosure of 
which is herein incorporated by reference. In particular, the 
skin may be evaluated at the transdermal application site for 
erythema or edema. For example, grades for erythema and 
edema may be assigned based on visual observation or pal 
pation: 

I0122) Erythema: 0-no visible redness; 1 =very slight 
redness (just perceptible); 
I0123 2-slight but defined redness; 3-moderately 

intense redness; 
0.124 4-severe erythema (dark red discoloration of 
the skin) 

0.125 5-eschar formation 
0.126 Edema: 0 no visible reactions or swelling: 
1—very mild edema (just perceptible swelling); 2-mild 
edema (corners of area are well defined due to Swelling); 
3-moderate edema (up to 1 mm swelling): 4-severe 
edema (more than 1 mm Swelling). 

0127. The site of application may be evaluated for skin 
irritation at any time during the Subject methods. In some 
instances, the skin is evaluated for irritation while maintain 
ing the transdermal delivery device in contact with the subject 
by observing or palpating the skin at regular intervals, e.g., 
every 0.25 hours, every 0.5 hours, every 1 hour, every 2 hours, 
every 4 hours, every 12 hours, every 24 hours, including every 
72 hours, or some other interval. For instance, the site of 
application may be evaluated for skin irritation while main 
taining the transdermal delivery device in contact with the 
Subject, Such as 15 minutes after applying the transdermal 
delivery device to the subject, 30 minutes after applying the 
transdermal delivery device, 1 hour after applying the trans 
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dermal delivery device, 2 hours after applying the transder 
mal delivery device, 4 hours after applying the transdermal 
delivery device, 8 hours after applying the transdermal deliv 
ery device, 12 hours after applying the transdermal delivery 
device, 24 hours after applying the transdermal delivery 
device, 48 hours after applying the transdermal delivery 
device, 72 hours after applying the transdermal delivery 
device, 76 hours after applying the transdermal delivery 
device, 80 hours after applying the transdermal delivery 
device, 84 hours after applying the transdermal delivery 
device, 96 hours after applying the transdermal delivery 
device, 120 hours after applying the transdermal delivery 
device, including 168 hours after applying the transdermal 
delivery device. 
I0128. In other embodiments, the site of transdermal appli 
cation is evaluated for skin irritation after the transdermal 
delivery device has been removed from contact with the sub 
ject. For example, the site of application may be evaluated for 
skin irritation 30 minutes after removing the transdermal 
delivery device, such as 1 hour after removing the transder 
mal delivery device. Such as 2 hours after removing the trans 
dermal delivery device, such as 4 hours after removing the 
transdermal delivery device, such as 8 hours after removing 
the transdermal delivery device, such as 12 hours after remov 
ing the transdermal delivery device. Such as 24 hours after 
removing the transdermal delivery device. Such as 48 hours 
after removing the transdermal delivery device, including 72 
hours after removing the transdermal delivery device. 
0129. In some embodiments, the site of transdermal appli 
cation is evaluated for skin irritation before the transdermal 
delivery device is applied to a Subject, Such as to record the 
skin color and texture before commencing a dosage interval. 
For example, the site of application may be evaluated for skin 
irritation 5 minutes before applying the transdermal delivery 
device. Such as 10 minutes, such as 30 minutes, such as 60 
minutes, such as 120 minutes, such as 240 minutes and 
including 480 minutes before applying the transdermal deliv 
ery device. Where methods include multiple dosage intervals 
applied sequentially, the site of application may be evaluated 
for skin irritation after each transdermal delivery device is 
removed and before the subsequent transdermal delivery 
device is applied. For example, when a first transdermal deliv 
ery device is removed, the site of application may be evalu 
ated for skin irritation 2 hours, 24 hours and 48 hours after 
removal and before application of a second transdermal deliv 
ery device. A Subsequent transdermal delivery device may be 
applied to the previous site of application immediately after 
evaluating the skin for irritation or may be applied after a 
predetermined time after evaluating the skin for irritation, 
such as 4 hours, 12 hours, 24 hours, 48 hours, 72 hours, 96 
hours, 120 hours, 144 hours or 168 hours after evaluating the 
skin for irritation. 

0.130. The site of application may be evaluated for skin 
irritation one or more times before, during or after a dosage 
interval, such as 2 or more times, such as 3 or more times, 
including 5 or more times before, during or after a dosage 
interval. An upper limit for the number of times the site of 
application may be evaluated for skin irritation before, during 
or after a dosage interval is, in some instances, 10 times or 
fewer, such as 7 times or fewer, such as 5 times or fewer, such 
as 3 times or fewer and including 2 times or fewer. In certain 
embodiments, the number of times the site of application may 
be evaluated for skin irritation before, during or after a dosage 
interval ranges such as from 2 times to 10 times, such as from 
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3 times to 9 times, such as from 4 times to 8 times and 
including from 5 times to 7 times. In certain embodiments, 
skin irritation may be monitored throughout the entire time 
the transdermal delivery device is maintained in contact with 
the Subject, Such by video monitoring. 

Kits 

0131 Kits for use in practicing certain methods described 
herein are also provided. In certain embodiments, the kits 
include one or more transdermal delivery devices containing 
a dexmedetomidine composition having an amount of 
dexmedetomidine and pressure sensitive adhesive as 
described above. In certain embodiments, the kits include an 
adhesive overlay as described above. In a given kit that 
includes two or more of the subject transdermal delivery 
devices, the compositions may be individually packaged or 
present within a common container. 
0132. In certain embodiments, the kits will further include 
instructions for practicing the Subject methods or means for 
obtaining the same (e.g., a website URL directing the user to 
a webpage which provides the instructions), where these 
instructions may be printed on a Substrate, where substrate 
may be one or more of a package insert, the packaging, 
reagent containers and the like. In the Subject kits, the one or 
more components are present in the same or different con 
tainers, as may be convenient or desirable. 
0133. The following examples are offered by way of illus 

tration and not by way of limitation. Specifically, the follow 
ing examples are of specific embodiments for carrying out the 
present invention. The examples are for illustrative purposes 
only, and are not intended to limit the scope of the present 
invention in any way. Efforts have been made to ensure accu 
racy with respect to numbers used (e.g., amounts, tempera 
tures, etc.), but some experimental error and deviation should, 
of course, be allowed for. 

EXPERIMENTAL 

Materials and Methods 

Preparation of Example Dexmedetomidine Transdermal 
Formulations 

0134) Formulations were prepared by mixing dexmedeto 
midine and a pressure sensitive adhesive in organic solvents 
(e.g., 30-60 wt % solid content in ethyl acetate, isopropyl 
alcohol, hexane, or heptane), followed by mixing. Once a 
homogeneous mixture was formed, the Solution was cast on a 
release liner (siliconized polyester or fluoropolymer coated 
polyester sheets of 2-3 mils) and dried at 60°-80° C. for 10-90 
minutes. The single layer adhesive films were then laminated 
to a PET backing, cut to the desired size, and pouched. In 
some instances, crosslinked polyvinylpyrrolidone (PVP 
CLM), polyvinylpyrrolidone K90 (PVP K90), levulinic acid 
(LA), oleic acid (OA), lauryl lactate (LL), and propylene 
glycolmonolaurate (PGML) was added to the adhesive com 
position. 

Transdermal Flux Tests 

0135 Human cadaver skin was used and epidermal layers 
(stratum corneum and viable epidermis) were separated from 
the full-thickness skin as skin membrane. Samples were die 
cut with an arch punch to a final diameter of about 2.0 cm. 
The release liner was removed and the system was placed on 
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top of the epidermis/stratum corneum with the dexmedeto 
midine adhesive layer facing the outer Surface of the stratum 
corneum. Gentle pressure was applied to effect good contact 
between the adhesive layer and stratum corneum. The donor 
and receptor sides of the Franz cell were clamped together 
and the receptor Solution containing a phosphate buffer at pH 
6.5 and 0.01% gentamicin was added to the Franz cell. The 
cells were kept at 32°C.-35°C. for the duration of the experi 
ment. Samples of the receptor Solution were taken at regular 
intervals and the active agent concentration was measured by 
HPLC. The removed receptor solution was replaced with 
fresh solution to maintain sink conditions. The flux was cal 
culated from the slope of cumulative amount of the drug 
permeated into the receiver compartment versus time plot. 

EXAMPLES 

Example 1 

In-Vitro Flux Obtained from Dexmedetomidine 
Transdermal Composition Formulations in PIB/PB 

Polymers 

0.136 Pressure-sensitive adhesives used in this example 
are polyisobutylene/polybutene (PIB/PB) adhesives. The 
PIB/PB adhesives are mixtures of high molecular weight PIB 
(5% Oppanol B100), low molecular weight PIB (25% 
Oppanol B12) and a polybutene tackifier, e.g., Indopol H1900 
or Panalane H-300e (20%) in organic solvent, e.g., heptane 
(50%). The combination was mixed for about 3 days, until the 
mixture was homogeneous. Example dexmedetomidine 
transdermal composition formulations are shown in Tables 1 
and 2. 

0.137 An in-vitro skin flux study was performed as 
described above with transdermal delivery devices having 
different concentrations of dexmedetomidine as shown in 
Table 1. The average dexmedetomidine in-vitro skinflux with 
respect to time is illustrated in FIG.1. As depicted in FIG. 1, 
dexemedetomidine in-vitro skin flux was high in the initial 
hours in the case of 1% formulation (Formulation 1) as com 
pared to higher drug loading (Formulations 2 and 3). Formu 
lations 2 and 3 were found to have needle-like crystals of 
dexmedetomidine, therefore flux profile is constant and did 
not change with drug loading. However, no crystals were 
observed in Formulation 1. Formulation 1 includes a satu 
rated or Supersaturated amount of dexmedetomidine. 
0.138. Dexmedetomidine transdermal formulation was 
also made using PIB made from Indopol H1900 as shown in 
Table 2. The results of dexmedetomidine in-vitro permeation 
from 1% dexmedetomidine formulation made with 20% 
PVP-CLM in PIB/PB adhesive (Formulation 4) through skins 
that have different skin permeability are illustrated in FIG. 2. 
FIG. 2(A) shows the cumulative dexemedetomidine deliv 
ered amount with time. The in-vitro permeation of dexme 
detomidine deviated depending on the permeability of the 
skin. The in-vitro dexmedetomidine delivered amount could 
vary from 4-35 ug/cm2 at 8 hr. and 15-67 ug/cm2 at 24 hr. 
FIG. 2(B) shows the flux or derivative of cumulative drug 
delivered amount with respect to time. The delivery rate of 
dexmedetomidine from Formulation 2 reached the maximum 
at about 5-7 hr, then maintain constant for at least 24 hr. In 
case of high permeable skin (Skinil 14), the flux might 
decreased due to depletion. FIG. 2(C) shows the '% drug 
remaining in patch with time. As depicted in FIG. 2(C), the 
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utilization of dexmedetomidine obtained from Formulation 4 
was 20-70% after applying the patch for 24hr. 

TABLE 1. 

Formulation 1 Formulation 2 Formulation 3 
(1% DMT/20% (3% DMT/20% (5% DMT/20% 

Components CLM/PIB) CLM/PIB) CLM/PIB) 

Dexmedetomidine 1.00 3.00 S.OO 
PVP-CLM 2O.OO 2O.OO 2O.OO 
PIB/PB (Panalane 79.OO 77.00 75.00 
H-300e) 

TABLE 2 

% Wiw 
Formulation 4 
1% DMT/20% 

Components CLM/PIB(Ind) 

Dexmedetomidine 1.00 
PVP-CLM 2O.OO 
PIB/PB (Indopol H1900) 79.OO 

Example 2 

In-Vitro Flux Obtained from Dexmedetomidine 
Transdermal Composition Formulations in 
Non-Functionalized Acrylate Polymers 

0139 Dexmedetomidine in-vitro flux was measured using 
non-functionalized acrylate adhesive. An example of a non 
functionalized acrylate adhesive used experimentally 
includes non-functionalized acrylate polymer Duro-Tak 
87-9301. An in-vitro skin flux study was performed as 
described above with transdermal delivery devices having 
different concentrations of dexmedetomidine in non-func 
tional Duro-Tak 87-9301. Dexmedetomidine transdermal 
composition formulations are shown in Table 3. The average 
dexmedetomidine in-vitro flux with respect to time is illus 
trated in FIG. 3. As depicted in FIG. 3, higher dexmedetomi 
dine loading gave increased in-vitro skin flux. 

TABLE 3 

% ww 

Formulation 5 Formulation 6 Formulation 7 
(1% DMT/ (2% DMT, (3% DMT, 

Components DT9301) DT9301) DT9301) 

Dexmedetomidine 1.00 2.OO 3.00 
base 
Pressure Sensitive 99.00 98.00 97.00 
Adhesive Duro-Tak 
87-93O1 

Example 3 

In-Vitro Flux Obtained from Dexmedetomidine 
Transdermal Composition Formulations in Hydroxyl 

(—OH) Functionalized Acrylate Polymers 
0140 
hydroxyl 

Dexmedetomidine in-vitroflux was measured using 
(—OH) functionalized acrylate adhesives. 
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Examples of a hydroxyl functionalized acrylate adhesive 
used experimentally include hydroxyl functionalized acrylate 
polymers, e.g., Duro-Tak 87-4287. Duro-Tak 387/87-2510, 
Duro-Tak 387/87-2287 and Duro-Tak 387/87-2516. An in 
vitro skin flux study was performed as described above with 
transdermal delivery devices having different concentrations 
of dexmedetomidine with different hydroxyl functionalized 
acrylate adhesives. 
0.141 Tables 4 and 5 show the dexmedetomidine transder 
mal composition formulations with different concentrations 
of dexmedetomidine in Duro-Tak87-4287 (acrylate-Viny lac 
etate polymer) or Duro-Tak 387/87-2510 (acrylate polymer). 
The mean dexmedetomidine in-vitro fluxes are illustrated in 
FIGS. 4 and 5. As depicted in FIGS. 4 and 5, dexmedetomi 
dine in-vitro flux increased with the dexmedetomidine load 
ing in the formulation. 

TABLE 4 

% Wiw 

Formulation 8 Formulation 9 Formulation 10 
(1% DMT/ (2% DMT, (3% DMT, 

Components DT4287) DT4287) DT4287) 

Dexmedetomidine 1.OO 2.OO 3.00 
base 
Pressure Sensitive 99.00 98.00 97.00 
Adhesive Duro-Tak 
87-4287 

TABLE 5 

% Wiw 

Formulation 11 Formulation 12 Formulation 13 
(1% DMT/ (2% DMT, (3% DMT, 

Components DT2510) DT2510) DT2510) 

Dexmedetomidine 1.OO 2.OO 3.00 
base 
Pressure Sensitive 99.00 98.00 97.00 
Adhesive Duro-Tak 
387,87-2510 

0.142 Tables 6 show the dexmedetomidine transdermal 
composition formulations containing 1% dexmedetomidine 
in another hydroxyl functionalized acrylate polymers con 
taining vinyl acetate, e.g., Duro-Tak 87-2287 (no crosslinker 
added polymer) and Duro-Tak 87-2516 (crosslinker added 
polymer). The mean dexmedetomidine in-vitro fluxes are 
illustrated in FIG. 6. As depicted in FIG. 6, in-vitro flux 
obtained from Duro-Tak 387/87-2287 was slightly higher 
than that from Duro-Tak 387/87-2516, possibly resulting 
from the higher adhesion properties of Duro-Tak 387/87 
2287 compared with Duro-Tak 387/87-2516. 

TABLE 6 

% Wiw 

Formulation 14 Formulation 15 
Components (1% DMT/DT2287) (1% DMT/DT2516) 

Dexmedetomidine base 1.00 1.OO 
Pressure Sensitive 99.00 O.OO 
Adhesive Duro-Tak 
387,87-2287 
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TABLE 6-continued 

% Wiw 

Formulation 14 Formulation 15 
Components (1% DMT/DT2287) (1% DMT/DT2516) 

Pressure Sensitive O.OO 99.00 
Adhesive Duro-Tak 
387,87-2S16 

Example 4 

In-Vitro Flux Obtained from 1% Dexmedetomidine 
Transdermal Composition Formulations in 
Non-Functionalized or Hydroxyl ( OH) 

Functionalized Acrylate Polymers 
0143 Another set of examples of dexmedetomidine trans 
dermal formulations are transdermal compositions which 
include 1% w/w dexmedetomidine with non-functionalized 
acrylate polymer (Duro-Tak 87-9301, Formulation 5), 
hydroxyl functionalized acrylate polymer (Duro-Tak 387/87 
2510. Formulation 11) and hydroxyl functionalized acrylate 
polymer containing vinyl acetate (Duro-Tak 87-4287. For 
mulation 8). In-vitro flux experiments were performed for 3 
days and 1 day and the results are shown in FIGS. 7A and 7B, 
respectively. As depicted in both FIGS. 7A and 7B, dexme 
detomidine in-vitro flux was less in non-functional adhesives 
as compared to hydroxyl functionalized adhesives with the 
same drug loading. 

Example 5 

In-Vitro Flux Obtained from Dexmedetomidine 
Transdermal Composition Formulations in Acid 
(—COOH) Functionalized or Acid/Hydroxyl 

(-COOH/OH) Functionalized Acrylate Polymers 
0144. Dexmedetomidine in-vitro flux was measured using 
acid (-COOH) functionalized or acid/hydroxyl ( COOH/ 
OH) functionalized acrylate adhesives. Examples of acid 
(—COOH) functionalized acrylate adhesive used in this 
study is Duro-Tak 387/87-2353 (no crosslinker added acry 
late polymer). The acid/hydroxyl ( COOH/OH) functional 
ized acrylate adhesive used in this study is Duro-Tak 87-2979 
(crosslinker added acrylate-vinyl acetate polymer). 
0145 Tables 7 and 8 show the dexmedetomidine transder 
mal composition formulations with different acid (-COOH) 
functionalized or acid/hydroxyl ( COOH/OH) functional 
ized acrylate polymers. The concentration of dexmedetomi 
dine in the formulations was selected based on the solubility 
of dexmedetomidine in each adhesive. The solubility of 
dexmedetomidine in Duro-Tak 387/87-2353 was found to be 

Components 

Dexmedetomidine base 
PVP-CLM 
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about 10-15%, whereas that in Duro-Tak 87-2979 was found 
to be less than 2%. The solubility of drug in acid functional 
ized acrylate adhesives was greater than that in non-function 
alized or hydroxyl functionalized acrylate adhesives. In-vitro 
skin flux study was performed as described above. The mean 
dexmedetomidine in-vitro fluxes are illustrated in FIGS. 8 
and 9. 

TABLE 7 

% Wiw 
Formulation 16 

Components (14% DMT/DT2353) 

Dexmedetomidine base 14.00 
Pressure Sensitive 86.00 
Adhesive Duro-Tak 
387,87-2353 

TABLE 8 

% Wiw 
Formulation 17 

Components (1.5% DMT/DT2979) 

Dexmedetomidine base 1.00 
Pressure Sensitive 99.00 
Adhesive Duro-Tak 
87-2979 

Example 6 

In-Vitro Flux Obtained from Dexmedetomidine 
Transdermal Composition Formulations in PIB/PB 
Polymers Containing PVP-CLM and Duro-Tak 

387/87-2353 

014.6 Another example of dexmedetomidine transdermal 
composition formulation is shown in Table 9. In order to 
increase the solubility of drug in PIB/PB (e.g., Indopol 
H-1900) adhesive, PVP-CLM and acid (-COOH) function 
alized acrylate polymer (Duro-Tak 387/87-2353) were used. 
Formulations 18 to 21 were prepared with different loadings 
of Duro-Tak 387/87-2353. 

0147 As depicted in FIG. 10, Formulations containing 
acid ( -COOH) functionalized acrylate polymer (Duro-Tak 
387/87-2353), Formulations 19, 20 and 21, appear to have 
lower initial flux compared with Formulations without Duro 
Tak 2353 (Formulation 18). The in-vitro flux of dexmedeto 
midine did not change with 3% and 6% of acid functionalized 
adhesive, however, at 9% acid functionalized adhesive, a 
slight decrease in the in-vitro flux is observed. 

TABLE 9 

% Wiw 

Formulation 19 Formulation 20 Formulation 21 

Formulation 18 (3% DMT/3% (3% DMT/6% (3% DMT/9% 
(3% DMT/20% DT2353/18.8% DT2353/18.2% DT2353/17.6% 
CLM/PIB) CLM/PIB) CLM/PIB) CLM/PIB) 

3.00 3.00 3.00 3.00 

2O.OO 18.8 18.7 18.6 
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TABLE 9-continued 
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Formulation 19 Formulation 20 Formulation 21 
Formulation 18 (3% DMT/3% (3% DMT/6% (3% DMT/9% 
(3% DMT/20% DT2353/18.8% DT2353/18.2% DT2353/17.6% 

Components CLM/PIB) CLM/PIB) CLM/PIB) 

Pressure Sensitive 3.00 6.OO 
Adhesive Duro-Tak 
387,87-2353 
PIB/PB (Indopol H-1900) q.S. to 100 q.S. to 100 q.S. to 100 

Example 7 

In-Vitro Flux Obtained from Dexmedetomidine 
Transdermal Composition Formulations in PIB/PB 
Polymers Containing PVP-CLM and Levulinic Acid 

0148 Another example of dexmedetomidine transdermal 
composition formulation is shown in Table 10. In order to 
increase the solubility of drug in PIB/PB (e.g., Indopol 
H-1900) adhesive in presence of 20% PVP-CLM, various 
concentrations of an acid were used to test increased dexme 
detomidine solubility. Formulations 22 to 25 were prepared 
with different loadings of levulinic acid. 

TABLE 10 

% Wiw 

Formulation 23 
(3% DMT/0.9% 

Formulation 22 
(3% DMT/0.6% 

Components 

Dexmedetomidine base 3.00 3.00 
PVP-CLM 2O.OO 2O.OO 
Levulinic Acid O60 O.90 
PIB/PB (Indopol H-1900) q.S. to 100 q.S. to 100 

0149. As depicted in FIG. 10, in-vitro flux of dexmedeto 
midine was reduced dramatically where the formulation 
included 6.9% of levulinic acid. However, at a concentration 
of 1.75% levulinic acid, in-vitroflux was comparable to lower 
concentrations of levulinic acid (i.e., 0.6% and 0.9%). The 
initial flux obtained from formulations containing levulenic 
acid (Formulations 22.23.24 and 25) was lower than that from 
formulation without levulinic acid (Formulation 18) How 
ever, after 24 hr, the flux obtained from the formulations 
containing levulenic acid (Formulations 22.23.24 and 25) 
appear to be higher than that from formulation without 
levulinic acid (Formulation 17). Dexmedetomidine crystals 
were observed at levulinic acid concentrations of 1.75% and 
lower. 

Example 8 

In-Vitro Flux Obtained from Dexmedetomidine 
Transdermal Composition Formulations in PIB/PB 
Polymers Containing PVP-CLM and Lauryl Lactate 

or Propylene Glycolmonolaurate 

0150. Another example of dexmedetomidine transdermal 
composition formulations are shown in Tables 11 and 12. 
Dexmedetomidine has solubility of 5 to 10% in lauryl lactate 
and propylene glycolmonolaurate. Each of lauryl lactate and 
propylene glycolmonolaurate increase solubility of dexme 

Formulation 24 
(3% DMT/1.75% 

LA/20% CLM/PIB) LA/20% CLM/PIB) LA/20% CLM/PIB) LA/20% CLM/PIB) 

CLM/PIB) 

9.00 

q.S. to 100 

Formulation25 
(3% DMT/6.9% 

3.00 3.00 

1.75 6.90 
q.S. to 100 q.S. to 100 

detomidine in the PIB/PB adhesive in the subject formula 
tions. In-vitro flux profiles of Formulations 26 to 28 are 
shown in FIG. 12. In-vitro flux profiles of Formulations 29 to 
31 are shown in FIG. 13. Formulations 26 to 31 were found to 
have needle-like crystals of dexmedetomidine, 

TABLE 11 

% Wiw 

Formulation 26 Formulation 27 Formulation 28 

(3% DMT/3% (3% DMT/6% (3% DMT/9% 
LL.20% LL.20% LL20% 

Components CLM/PIB) CLM/PIB) CLM/PIB) 

Dexmedetomidine 3.00 3.00 3.00 

base 

PVP-CLM 2O.OO 2O.OO 2O.OO 

Lauryl lactate 3.0 6.O 9.0 

PIB/PB (Indopol q.S. to 100 q.S. to 100 q.S. to 100 

H-1900) 
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TABLE 12 

% ww 

Formulation 29 Formulation 30 Formulation 31 
(3% DMT/4% (3% DMT/8% (3% DMT/12% 
PGML.20% PGML.20% PGML.20% 

Components CLM/PIB) CLM/PIB) CLM/PIB) 

Dexmedetomidine 3.00 3.00 3.00 
base 
PVP-CLM 2O.OO 2O.OO 2O.OO 
Propylene 4.0 8.0 12.0 
glycolmonolaurate 
PIB/PB (Indopol q.S. to 100 q.S. to 100 q.S. to 100 
H-1900) 

Example 9 

In-Vitro Flux Obtained from Dexmedetomidine 
Transdermal Composition Formulations in Duro-Tak 
387/87-2287 Polymers Containing Levulinic Acid, 

PVP K90 or Duro-Tak 387/87-2353 

0151. Another set of examples of dexmedetomidine trans 
dermal formulation include transdermal compositions having 
1% w/w dexmedetomidine with a solubilizer to improve 
physical stability of the composition. In these formulations, 
levulinic acid, PVP K90 and Duro-Tak 87-2353 were 
employed. The formulation compositions are shown in Tables 
13, 14 and 15. In-vitro flux profiles for transdermal compo 
sitions having 1% dexmedetomidine with 0.3% and 0.6% 
levulinic acid are shown in FIG. 14(A). In-vitro flux profiles 
for transdermal compositions having 1% dexmedetomidine 
with 5% and 10% PVP K90 are shown in FIG. 14(B). In-vitro 
flux profiles for transdermal compositions having 1% dexme 
detomidine with 2% or 3% Duro-Tak 387/87-2353 are shown 
in FIG. 14(C). From the in-vitro flux profiles, levulinic acid 
enhanced the permeation after application for 15 hr., PVP 
K90 delayed transdermal flux of dexmedetomidine whereas 
Duro-Tak 2353 slightly reduced transdermal flux. 

TABLE 13 

% Wiw 

Formulation 33 
(1% DMT/0.6% 

Formulation 32 
(1% DMT/0.3% 

Components LA/DT2287) LA/DT2287) 

Dexmedetomidine base 1.OO 1.OO 
Levulinic acid O.30 O.60 
Pressure Sensitive 98.70 98.40 
Adhesive Duro-Tak 
387,87-2287 

TABLE 1.4 

% Wiw 

Formulation 35 
(1% DMT/10% 

Formulation 34 
(1% DMT/5% 

Components PVP-K90/DT2287) PVP-K90/DT2287) 

Dexmedetomidine base 1.00 1.OO 
PVP K90 S.OO 1O.OO 
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TABLE 14-continued 

% Wiw 

Formulation 35 
(1% DMT/10% 

Formulation 34 
(1% DMT/5% 

Components PVP-K90/DT2287) PVP-K90/DT2287) 

Pressure Sensitive 94.00 89.00 
Adhesive Duro-Tak 
387,87-2287 

TABLE 1.5 

% Wiw 

Formulation 37 
(1% DMT/3% 

Formulation 36 
(1% DMT/2% 

Components DT2353/DT2287) DT2353/DT2287) 

Dexmedetomidine base 1.OO 1.OO 
Pressure Sensitive 2.OO 3.00 
Adhesive Duro-Tak 
387,87-2353 
Pressure Sensitive 97.00 96.OO 
Adhesive Duro-Tak 
387,87-2287 

Example 10 
In-Vitro Flux Obtained from Dexmedetomidine 

Transdermal Composition Formulations in Duro-Tak 
87-9301 Polymers Containing Lauryl Lactate, Oleic 

Acid or Duro-Tak 387/87-2353 

0152 Another set of examples of dexmedetomidine trans 
dermal formulation include transdermal compositions having 
3% w/w dexmedetomidine and non-functionalized acrylate 
polymer Duro-Tak 87-9301 in combination with 3.3% 
levulinic acid, 5% Oleic acid or 15% Duro-Tak 387/87-2353. 
The formulation compositions are shown in Table 16. In-vitro 
flux profiles for these formulations (Formulations 38.39 and 
40), compared with 3% dexmedetomidine in non-functional 
ized acrylate polymer Duro-Tak 87-9301 without additive 
(Formulation 7) are illustrated in FIG. 15. Compositions hav 
ing just 3% dexmedetomidine and non-functionalized acry 
late polymer Duro-Tak 87-9301 were supersaturated. 
Levulinic acid and oleic acid were used as a solubilizer and 
permeation enhancer and increased flux at the beginning of 
in-vitro flux, but declined with time. Like with the 1% dexme 
detomidine compositions. Duro-Tak 87-2353 reduced flux. 

TABLE 16 

% Wiw 

Formulation 38 Formulation 39 Formulation 40 
(3% DMT/ (3% DMT, (3% DMT, 
3.3% LA 5% OAf 159, DT2353, 

Components DT9301) DT9301) DT9301) 

Dexmedetomidine 3.00 3.00 3.00 
base 
Levulinic acid 3.30 O.OO O.OO 
Oleic acid O.OO S.OO O.OO 
Pressure Sensitive O.OO O.OO 1S.OO 
Adhesive Duro-Tak 
387,87-2353 
Pressure Sensitive 93.70 92.00 82.OO 
Adhesive Duro-Tak 
87-93O1 
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Example 11 

In-Vitro Permeation of Dexmedetomidine Obtained 
from 1%, 2%, 3% and 4% Dexmedetomidine in the 

Mixture of Adhesives (15% Duro-Tak2353 in 
Duro-Tak 2287) 

0153 Dexmedetomidine transdermal composition formu 
lations containing the mixture of hydroxyl functionalized 
acrylate polymer (e.g., Duro-Tak87-2287) and acid function 
alized acrylate polymer (e.g., Duro-Tak 87-2353) are sum 
marized in Table 17. Formulations 41 to 44 were prepared 
with different loadings of dexmedetomidine. 

TABLE 17 

% Wiw 

Formulation 41 Formulation 42 Formulation 43 

Apr. 9, 2015 

of Formulation 45 and Formulation 47 shows that the in-vitro 
flux increases with increasing percent drug loading. 

Example 13 

In-Vitro Permeation of Dexmedetomidine Obtained 
from Dexmedetomidine Formulations Containing 

Levulinic Acid 

O157 Dexmedetomidine transdermal formulations were 
also prepared with levulinic acid. The composition is shown 
in Table 19. 

Formulation 44 
4% DMT.15% (1% DMT/15% (2% DMT/15% 3% DMT.15% 

Components DT2353/DT2287) DT2353/DT2287 DT2353/DT2287 DT2353/DT2287 

Dexmedetomidine base 1.OO 2.OO 3.00 
Pressure Sensitive 1S.OO 1S.OO 1S.OO 
Adhesive Duro-Tak 2353 
Pressure Sensitive 84.OO 83.OO 82.OO 
Adhesive Duro-Tak 2287 

0154 As depicted in FIG. 16, in-vitro flux of dexmedeto 
midine increased with increasing percent of dexmedetomi 
dine loading. 

Example 12 

In-Vitro Permeation of Dexmedetomidine Obtained 
from Dexmedetomidine Formulations Containing 

Oleic Acid 

0155 Another example of dexmedetomidine transdermal 
composition formulations is summarized in Table 18. In order 
to increase the solubility of dexmedetomidine in the hydroxyl 
functionalized acrylate polymer (e.g., Duro-Tak 87-2287), 
oleic acid was used. Formulations 45 to 47 were prepared 
with different loadings of oleic acid and dexmedetomidine. 

TABLE 1.8 

% Wiw 

Formulation 45 Formulation 46 

4.OO 
1S.OO 

81.00 

TABLE 19 

% Wiw 

Formulation 48 Formulation 49 

(3% DMT/4% (4% DMT4% 
Components LA/DT2287) LA/DT2287) 

Dexmedetomidine base 3.00 4.OO 
Levulinic acid 4.OO 4.OO 
Pressure Sensitive 93.00 92.00 
Adhesive Duro-Tak 2287 

0158. As shown in FIG. 18, in-vitro flux of dexmedetomi 
dine in formulations containing levulinic acid (Formulations 

Formulation 47 
(3% DMT/5% 3% DMT.7% 3% DMTS9, 

Components OA/DT2287) OADT2287 OADT2287 

Dexmedetomidine base 3.00 3.00 4.00 
Oleic acid S.OO 7.00 S.OO 
Pressure Sensitive 92.00 90.00 91.OO 
Adhesive Duro-Tak 2287 

0156. As depicted in FIG. 17, dexmedetomidine informu 
lations containing oleic acid has a higher flux than a dexme 
detomidine composition (e.g., Formulation 43) which does 
not contain oleic acid. Oleic acid enhanced the permeation of 
dexmedetomidine through the skin. An increase of oleic acid 
from 5% to 7% (e.g. Formulation 46) did not show an 
enhancement effect as compared to the formulation contain 
ing 5% oleic acid (e.g. Formulation 45). This may be the 
result of the contribution of oleic acid in increasing in solu 
bility of dexmedetomidine in the composition. A comparison 

48 and 49) increased with percent dexmedetomidine loading. 
The enhancement effect of levulinic acid on permeation of 
dexmedetomidine through the skin was higher than oleic 
acid. 

0159. The results of percent in-vitro penetration of dexme 
detomidine in formulations 43, 45 and 48 relative to the 
amount of dexmedetomidine in the patch are Summarized in 
Table 20. Formulations 45 and 48, which contain levulinic 
acid and oleic acid, demonstrate a Substantial enhancement in 
permeation of dexmedetomidine under in-vitro condition. 
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TABLE 20 

Amount of 
dexmedetomidine 

21 

% Permeation of 
dexmedetomidine 
base relative to the 
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Formulation base in patch amount of drug in No. of 
Formulation No. names (Ig) patch after 7 days replicates 

Formulation 43 3% DMT.15% 690 - 27 18 - 4 4 
DT2353.DT2287 

Formulation 45 3% DMTS9, Oleic 486 - 11 524 4 
acid DT2287 

Formulation 48 3% DMT.4% 573 - 39 74 S 5 
Levulinic 
acid DT2287 

0160 The solubility of dexmedetomidine in hydroxyl 
functionalized acrylate polymer was less than 1%. In order to 
increase the dexmedetomidine, an acid functionalized acry 
late polymer (e.g., Duro-Tak2353), oleic acid and levulinic 
acid were used. The solubility of dexmedetomidine in Duro 
Tak2353, oleic acid and levulinic acid was about 10-15%, 
40% and 60% respectively. The amount of acid added in the 
formulation was adjusted according to the solubility of each 
component in the formulation. 
0161. After preparation, the crystal presence was exam 
ined using microscope. Results obtained from this micro 
Scope examination indicated that all formulations (Formula 
tions 41 to 48) did not contain crystals. 

Example 14 

In-Vitro Flux Obtained from Different Backings 
0162 Pressure-Sensitive Adhesives Used in this Example 
are Polyisobutylene/Polybutene (PIB/PB) adhesives. The 
PIB/PB adhesives are mixtures of high molecular weight PIB 
(5% Oppanol B100), low molecular weight PIB (25% 
Oppanol B12) and a polybutene tackifier, e.g., Indopol H1900 
or Panalane H-300e (20%), in an organic solvent, e.g., hep 
tane (50%). The combination was mixed for about 3 days, 
until the mixture was homogeneous. Example dexmedetomi 
dine transdermal composition formulations are shown in 
Table 21. Same formulation was coated on release liner but 
laminated with three different backing materials: backing 1 
has a MVTR value (g/m/24 hr) around 10, Backing 2 has a 
MVTR value around 50 (g/m/24 hr), and backing 3 has 
MVTR value around 150 (g/m/24 hr). 
0163 The average dexmedetomidine in-vitro skin flux 
with respect to time is illustrated in FIG. 19. As depicted in 
FIG. 19, dexmedetomidine in-vitro skin flux was similar for 
backing 1 and 2. But it is significantly lower with backing 3. 

TABLE 21 

Components % Wiw 

Dexmedetomidine 1.OO 
PVP-CLM 2O.OO 
PIB/PB (Indopol H1900) 79.OO 

Example 15 

In-Vitro Flux Obtained from Formulations with 
Lauryl Lactate as Enhancer 

0164. Another set of examples of dexmedetomidine trans 
dermal formulation include transdermal compositions having 

2-4% w/w dexmedetomidine with an enhancer to improve 
skin permeability. In these formulations, lauryl lactate (LL) 
and Duro-Tak 87-2287 were employed. The formulation 
compositions are shown in Table 22. In-vitro flux profiles for 
transdermal compositions. FIGS. 20 and 21 show the flux on 
two different skin samples. From the in-vitro flux profiles, LL 
shows its skin permeability enhancement effect. The flux is 
also proportional to API loading. 

TABLE 22 

Components % Wiw 

Dexmedetomidine base 2 2 3 4 
Lauryl lactate O 5 5 5 
Pressure Sensitive 98 93 92 91 
Adhesive Duro-Tak 
87-93O1 

0.165. The flux profile of all formulations (Formulations 
41 to 48) showed a clear increasing trend in flux with time 
during the first 24 hours (FIGS. 16 to 18). This is followed by 
a gradual decrease in flux with time. As such, the increase in 
flux during the first 24 hours may, in certain instances, be 
useful for achieving a rapid higher initial therapeutic concen 
tration in the body. Where there is a decrease influx with time, 
the decrease in flux could be due to the crystallization of the 
drug in the adhesive induced by the absorbed water in the 
patch. 
0166 Although the foregoing invention has been 
described in some detail by way of illustration and example 
for purposes of clarity of understanding, it is readily apparent 
to those of ordinary skill in the art in light of the teachings of 
this invention that certain changes and modifications may be 
made thereto without departing from the spirit or scope of the 
appended claims. 
0.167 Accordingly, the preceding merely illustrates the 
principles of the invention. It will be appreciated that those 
skilled in the art will be able to devise various arrangements 
which, although not explicitly described or shown herein, 
embody the principles of the invention and are included 
within its spirit and scope. Furthermore, all examples and 
conditional language recited herein are principally intended 
to aid the reader in understanding the principles of the inven 
tion and the concepts contributed by the inventors to further 
ing the art, and are to be construed as being without limitation 
to Such specifically recited examples and conditions. More 
over, all statements herein reciting principles, aspects, and 
embodiments of the invention as well as specific examples 
thereof, are intended to encompass both structural and func 
tional equivalents thereof. Additionally, it is intended that 
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Such equivalents include both currently known equivalents 
and equivalents developed in the future, i.e., any elements 
developed that perform the same function, regardless of struc 
ture. The scope of the present invention, therefore, is not 
intended to be limited to the exemplary embodiments shown 
and described herein. Rather, the scope and spirit of present 
invention is embodied by the appended claims. 

1. A method of treating attention deficit hyperactivity dis 
order (ADHD), anxiety or insomnia in a subject, the method 
comprising: 

applying to a skin Surface of a Subject diagnosed as having 
ADHD, anxiety or insomnia a transdermal delivery 
device comprising: 
a dexmedetomidine composition, wherein the dexme 

detomidine composition comprises: 
dexmedetomidine; and 
a pressure sensitive adhesive; and 

a backing layer; 
in a manner sufficient to deliver dexmedetomidine to the 

subject to treat ADHD in the subject. 
2. The method according to claim 1, wherein the subject is 

diagnosed as having ADHD. 
3. The method according to claim 1, wherein the subject is 

diagnosed as having anxiety. 
4. The method according to claim 1, wherein the subject is 

diagnosed as having insomnia. 
5. The method according to claim 1, wherein the method 

comprises maintaining the transdermal delivery device in 
contact with the subject for a duration from 4 hours to 24 
hours. 

6-7. (canceled) 
8. The method according to claim 1, wherein the subject is 

a child under the age of 8. 
9. The method according to claim 1, wherein the subject is 

a child under the age of 5. 
10. The method according to claim 1, wherein the trans 

dermal delivery device is configured to reach a peak rate of 
dexmedetomidine delivery at about 30 minutes after applying 
the transdermal delivery device to the subject. 

11. The method according to claim 1, wherein the trans 
dermal delivery device is configured to reach a peak rate of 
dexmedetomidine delivery at about 3 hours after applying the 
transdermal delivery device to the subject. 
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12. The method according to claim 1, wherein the trans 
dermal delivery device is configured to deliver dexmedeto 
midine to the Subject at a rate ranging from 20 ug/12 hours to 
100 ug/12 hours. 

13. The method according to claim 1, wherein the trans 
dermal delivery device is configured to deliver dexmedeto 
midine to the Subject in a manner Sufficient to maintain a 
mean plasma concentration of dexmedetomidine in the Sub 
ject of from about 0.01 ng/mL to about 0.4 ng/mL. 

14. The method according to claim 13, wherein the trans 
dermal delivery device is configured to deliver dexmedeto 
midine to the Subject in a manner Sufficient to achieve a peak 
plasma concentration of dexmedetomidine in the Subject at 
about 1 hour after applying the transdermal delivery device to 
the subject. 

15. The method according to claim 13, wherein the trans 
dermal delivery device is configured to deliver dexmedeto 
midine to the Subject in a manner Sufficient to achieve a peak 
plasma concentration of dexmedetomidine in the Subject at 
about 2 hours after applying the transdermal delivery device 
to the subject. 

16. The method according to claim 13, wherein the trans 
dermal delivery device is configured to deliver dexmedeto 
midine to the Subject in a manner Sufficient to achieve a peak 
plasma concentration of dexmedetomidine in the Subject at 
about 3 hours after applying the transdermal delivery device 
to the subject. 

17. The method according to claim 1, wherein the pressure 
sensitive adhesive comprises a vinyl polymer. 

18-32. (canceled) 
33. The method according to claim 1, wherein the pressure 

sensitive adhesive comprises crosslinked polyvinylpyrroli 
done or crosslinked polyacrylic acid or a combination 
thereof. 

34. The method according to claim 1, wherein the dexme 
detomidine composition consists of dexmedetomidine and 
the pressure sensitive adhesive. 

35. The method according to claim 1, wherein the trans 
dermal delivery device comprises a single layer matrix com 
prising the dexmedetomidine composition. 

36-73. (canceled) 


