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(57) ABSTRACT 

Methods and apparatus for improving administration of 
drugs through the use of heat and other physical means. The 
present invention relates to the use of heat and other physical 
means in conjunction with Specially designed dermal drug 
delivery Systems, conventional commercial dermal drug 
delivery Systems, or drugs delivered into a Sub-Skin depot 
Site via injection and other methods to alter, mainly increase, 
the drug release rate from the dermal drug delivery Systems 
or the depot Sites to accommodate certain clinical needs. 
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ELECTRICAL APPARATUS FOR HEATING TO A 
DESIRED TEMPERATURE FOR IMPROVED 

ADMINISTRATION OF PHARMACEUTICALLY 
ACTIVE COMPOUNDS 

RELATED APPLICATIONS 

0001. The present application is of divisional of U.S. 
application Ser. No. 09/544,897 filed Apr. 7, 2000, which is 
a divisional of U.S. application Ser. No. 09/162,890 filed 
Sep. 29, 1998, now U.S. Pat. No. 6,245,347, which is a 
continuation-in-part of U.S. application Ser. No. 08/819, 
880, filed Mar. 18, 1997, now U.S. Pat. No. 5,919,479, 
which is a divisional of U.S. application Ser. No. 08/508, 
463, filed Jul. 28, 1995, now U.S. Pat. No. 5,658,583, hereby 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to methods and appa 
ratus for administration of drugs. More particularly, the 
present invention relates to using controlled heat and other 
physical means to improve dermal, mucosal, and injection 
administration of drugs. 
0004 2. State of the Art 
0005 The dermal administration of pharmaceutically 
active compounds involves the direct application of a phar 
maceutically active formulation(s) to the skin, wherein the 
skin absorbs a portion of the pharmaceutically active com 
pound which is then taken up by the blood stream. Such 
administration has long been known in the practice of 
medicine and continues to be an important technique in the 
delivery of pharmaceutically active compounds. For 
example, U.S. Pat. No. 4,286,592 issued Sep. 1, 1981 to 
Chandrasekaran shows a bandage for administering drugs to 
a user's skin consisting of an impermeable backing layer, a 
drug reservoir layer composed of a drug and a carrier, and 
a contact adhesive layer by which the bandage is affixed to 
the skin. 

0006 Such dermal administration offers many important 
advantages over other delivery techniques, Such as injection, 
oral tablets and capsules. These advantages include being 
noninvasive (thus, less risk of infection), avoiding first pass 
metabolism (metabolism of the drug in the liver when the 
drug is taken orally and absorbed through the gastrointesti 
nal tract), and avoiding of high peaks and low valleys of 
concentration of pharmaceutically active compounds in a 
patient's bloodstream. In particular, high peaks and low 
Valleys of concentration are typical in injection and oral 
administrations and are often associated with undesirable 
Side effects and/or less than Satisfactory intended effects. 
0007. The term “dermal drug delivery system” or 
“DDDS”, as used herein, is defined as an article or apparatus 
containing pharmaceutically active compound(s) for deliv 
ery into the skin, the regional tissues under the Skin, the 
Systemic circulation, or other targeting site(s) in a human 
body via skin permeation. The term “DDDS” in this appli 
cation, unless otherwise Specified, only refer to those SyS 
tems in which the main driving force for drug permeation is 
the drug concentration gradient. 
0008. The term “skin', as used herein, is defined to 
include Stratum corneum covered skin and mucosal mem 
branes. 
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0009. The term “drug”, as used herein, is defined to 
include any pharmaceutically active compound including 
but not limited to compounds that treat diseases, injuries, 
undesirable Symptoms, and improve or maintain health. 
0010. The terms “targeted area” or “targeted areas”, as 
used herein, are defined to include a Systemic bloodstream 
of a human body, areas of a human body which can be 
reached by a Systemic bloodstream including, but not lim 
ited to muscles, brain, liver, kidneys, etc., and body tissue 
regions proximate a location of an administered drug. 
0011. In DDDSs, a drug(s) is usually contained in a 
formulation, Such as a hydro-alcohol gel, and may include a 
rate limiting membrane between the formulation and skin 
for minimizing the variation in the permeation of the drug. 
When a DDDS is applied to skin, the drug begins to 
transport out of the formulation, and transport acroSS the rate 
limiting membrane (if present). The drug then enters the 
skin, enters blood vessels and tissues under the Skin, and is 
taken into the systemic circulation of the body by the blood. 
At least some DDDSs have certain amount of pharmaceu 
tically active compound in or on the skin Side of the rate 
limiting membrane (if present) prior to use. In those DDDSs, 
that portion of the drug on the skin Side of the rate limiting 
membrane will enter the skin without passing through the 
rate limiting membrane. For many drugs, a significant 
portion of the dermally absorbed drug is Stored in the skin 
and/or tissues under the skin (hereinafter referred as “depot 
Sites”) before being gradually taken into the Systemic cir 
culation (hereinafter referred as “depot effect”). This depot 
effect is believed to be at least partially responsible for the 
delayed appearance of the drug in the Systemic circulation 
after the application of some DDDSs and for continued 
delivery of the drug into the Systemic circulation after the 
removal of Some DDDSs from the skin. 

0012. After placing a DDDS on the skin, the drug con 
centration in the blood typically remains at or near Zero for 
a period of time, before Starting to gradually increase and 
reach a concentration deemed to be medicinally beneficial, 
called the “therapeutic level” (the time it takes to reach the 
therapeutic level is referred to hereinafter as the “onset 
time'). Ideally, the concentration of the drug in the blood 
Stream should plateau (i.e., reach a Substantially steady state) 
at a level slightly higher than the therapeutic level and 
should remain there for extended period of time. For a given 
person and a given DDDS, the “concentration of the drug in 
the bloodstream vs. time' relationship usually cannot be 
altered under normal application conditions. 
0013 The onset time and the delivery rate of the drug into 
the targeted area(s) of the body for a typical DDDS are 
usually determined by Several factors, including: the rate of 
release of the drug from the formulation, the permeability of 
the drug across the rate limiting membrane (if a rate limiting 
membrane is utilized), the permeability of the drug across 
the skin (especially the Stratum corneum layer), drug Storage 
in and release from the depot Sites, the permeability of the 
walls of the blood vessels, and the circulation of blood and 
other body fluid in the tissues (including the skin) under and 
around the DDDS. Although these primary factors affecting 
onset time and delivery rate are known, no existing DDDS 
is designed to have alterable delivery rate in the course of the 
application of the drug. 
0014 While a DDDS works well in many aspects, cur 
rent dermal drug delivery technology has Some Serious 
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limitations, including: 1) the onset time being undesirably 
long for many DDDSs; 2) the rate that the drug is taken into 
the Systemic circulation or the targeted area(s) of the body 
cannot be easily varied once the DDDS is applied onto the 
skin and, when the Steady State delivery rate is achieved, it 
cannot be easily changed; and 3) the skin permeability being 
So low that many drugs are excluded from dermal delivery 
because the amount of drug delivered is not high enough to 
reach a therapeutic level. In addition, temperature variations 
in the skin and the DDDS are believed contribute to the 
variation of dermal absorption of drugs. 

0.015. It is known that elevated temperature can increase 
the absorption of drugs through the skin. U.S. Pat. No. 
4,898,592, issued Feb. 6, 1990 to Latzke et al., relates to a 
device for the application of heated transdermally absorb 
able active Substances which includes a carrier impregnated 
with a transdermally absorbable active Substance and a 
Support. The Support is a laminate made up of one or more 
polymeric layers and optionally includes a heat conductive 
element. This heat conductive element is used for distribu 
tion of the patient’s body heat such that absorption of the 
active Substance is enhanced. U.S. Pat. No. 4,230,105, 
issued Oct. 28, 1980 to Harwood, discloses a bandage with 
a drug and a heat-generating Substance, preferably inter 
mixed, to enhance the rate of absorption of the drug by a 
user's skin. Separate drug and heat-generating Substance 
layers are also disclosed. U.S. Pat. No. 4,685,911, issued 
Aug. 11, 1987 to Konno et al., discloses a skin patch 
including a drug component, and an optional heating ele 
ment for melting the drug-containing formulation if body 
temperature is inadequate to do So. 

0016. Another area of administration involves delivering 
drugs in controlled/extended release form/formulations 
(“form/formulation”) into the skin or tissues under the skin 
(the residing place for these form/formulations are herein 
after referred as "storage sites”) which results in the drugs 
being released from the Storage Sites in a controlled/ex 
tended fashion. The most common technique to deliver the 
form/formulations into the Storage Sites is by injection. 
Other techniques may also be used, Such as implantation and 
forcing the form/formulation into the skin with high-speed 
hitting. However, once the form/formulation is delivered 
into the Storage Sites, it is usually difficult to alter the rate, 
known as the “release rate', that the drug is released from 
the form/formulation at the Storage sites, and taken into the 
Systemic circulation or the targeted area(s) of the body. 
0.017. Yet another area of administration involves inject 
ing drugs Subcutaneously or intramuscularly. In Some clini 
cal situations, it is beneficial to accelerate the Speed of drug 
absorption into the Systemic circulation or other targeted 
areas(s) in the body after Such injection. 
0.018. Therefore, it would be advantageous to develop 
methods and apparatus to improve the drug administration 
of DDDSs, and, more specifically, to make the use of 
DDDSs more flexible, controllable, and titratable (varying 
the drug delivery rate, amount, or period according to the 
biological effect of the drug) to better accommodate various 
clinical needs. It would also be advantageous to develop 
methods and apparatus to make dermal delivery possible for 
drugs which are currently excluded because of low skin 
permeability. It would further be advantageous to develop 
means to alter mainly to increase the drug absorption rate 
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from the Storage Sites or injection Sites in Such ways that can 
accommodate certain clinical needs. 

SUMMARY OF THE INVENTION 

0019. The present invention relates to various methods 
and apparatus for improved dermal and mucosal adminis 
tration of drugs through the use of controlled heat and other 
physical means. The present invention further relates to 
methods and apparatus for using controlled heat and other 
physical means to alter, mainly increase, the drug release 
rate from the Storage Sites or injection Sites in Such ways to 
accommodate certain clinical needs. 

0020. In the application of a DDDS, the absorption of the 
drug is usually determined by a number of factors including: 
the diffusion coefficient of drug molecules in the drug 
formulation, the permeability coefficient of the drug acroSS 
the rate limiting membrane (if one is used in the DDDS), the 
concentration of dissolved drug in the formulation, the skin 
permeability of the drug, drug Storage in and release from 
the depot sites, the body fluid (including blood) circulation 
in the skin and/or other tissues under the Skin, and perme 
ability of the walls of capillary blood vessels in the sub-skin 
tissues. Thus, in order to address the limitations of the 
current dermal drug delivery technologies, it is desirable to 
have control over and have the capability to alter these drug 
absorption factors. It is believed that controlled heating/ 
cooling can potentially affect each one of the above factors. 
0021 Specifically, increased temperature generally can 
increase diffusion coefficients of the drugs in the formula 
tions and their permeability acroSS the rate limiting mem 
brane and skin. Increased heat also increases the blood 
and/or other body fluid flow in the tissues under the DDDS, 
which should carry the drug molecules into the Systemic 
circulation at faster rates. Additionally, increased tempera 
ture also increases the permeability of the walls of the 
capillary blood vessels in the Sub-skin tissues. Furthermore, 
increased temperature can increase the Solubility of most, if 
not all, drugs in their formulations which, in formulations 
with undissolved drugs, should increase permeation driving 
force. Of course, cooling should have Substantially the 
opposite effect. Thus, the present invention uses controlled 
heating/cooling to affect each of the above factors for 
obtaining controllable dermal absorption of drugs. 
0022. The present invention also uses controlled heating/ 
cooling in Several novel ways to make dermal drug delivery 
more flexible and more controllable in order to deal with 
various clinical conditions and to meet the needs of indi 
vidual patients. More broadly, this invention provides novel 
methods and apparatus for controlled heating/cooling (here 
inafter "temperature control apparatus) during the applica 
tion of the DDDS, such that heating can be initiated, 
reduced, increased, and Stopped to accommodate the needs. 
0023. Another embodiment of the present invention is to 
determine the duration of controlled heating on DDDS based 
on the effect of the drug for obtaining adequate amount of 
the extra drug and minimizing under-treatment and Side 
effects associated with under and over dosing. 
0024. Through the proper selection, based on the specific 
application and/or the individual patient's need, of the 
moment(s) to initiate controlled heating, heating tempera 
ture, and moment(s) to stop the controlled heating, the 



US 2003/0219470 A1 

following control/manipulation of the absorption rates 
should be achieved: 1) shorten the onset time of the drug in 
the DDDS without significantly changing its steady State 
delivery rates; 2) provide proper amount of extra drug 
during the application of a DDDS when needed; and 3) 
increase the drug absorption rate throughout a significant 
period of duration or throughout the entire duration of the 
DDDS application. 
0.025 Shortening of onset time is important in situations 
where the DDDS provides adequate steady state deliver 
rates, but the onset is too slow. Providing the proper amount 
of extra drug is important where a DDDS delivers adequate 
“baseline' amount of the drug, but the patient needs extra 
drug at particular moment(s) for particular period(s) of time 
during the application of the DDDS. Increasing the drug 
absorption rate is used for the patients who need higher drug 
delivery rates from the DDDS. 
0026. The first of above approach can be achieved by 
applying controlled heating at the Starting time of the DDDS 
application, and design the heating to last long enough to 
cause the concentration of the drug in the Systemic circula 
tion or other targeted area of the body to rise toward the 
therapeutic levels, and stops (may be gradually) shortly after 
that. The Second approach may be achieved by applying 
controlled heat when a need to obtain extra drug are rises, 
and terminating the controlled heating either at a predeter 
mined moment or when the desired effect of the extra drug 
is achieved. The third approach can be achieved by applying 
the controlled heat at the starting time of the DDDS appli 
cation. In all those three approaches, temperature of the 
controlled heating needs to be designed to control the degree 
of increase in Said that drug delivery rates. 
0.027 Such embodiments are particularly useful in situ 
ations where the user of a DDDS gets adequate drug 
absorption most of the time, but there are periods of time in 
which increased or decreased drug absorption is desirable. 
For example, during the treatment of cancer patients with an 
analgesic, Such as with DurageSicE) dermal fentanyl patches 
(distributed by Janssen Pharmaceutica, Inc. of Piscataway, 
N.J., USA), “breakthrough” pain (a suddenly increased and 
relatively short lasting pain, in addition to a continuous 
“baseline” pain) may occur. An additional analgesic dose, in 
the form of a tablet, an oral or nasal mucosal absorption 
dosage form, or an injection needs to be given to treat the 
breakthrough pain. But with the help of controlled heat, one 
single DDDS may take care of both baseline pain and 
episodes of breakthrough pain. With the help of controlled 
heat, a heating patch can be placed on top of the Duragesic E) 
patch when an episode of breakthrough pain occurs to 
deliver more fentanyl into the Systemic circulation. The 
heating duration of the heating patch is preferably designed 
to be long enough to deliver Sufficient extra fentanyl, but not 
long enough to deliver the extra amount of fentanyl that may 
pose a risk to the patient. The patient may also remove the 
heating patch when the breakthrough pain begins to dimin 
ish. Thus, with the help of controlled heat, one Single 
DurageSicE) dermal fentanyl patch may take care of both 
baseline pain and episodes of breakthrough pain. For 
another example, a dermal nicotine patch user may obtain 
extra nicotine for a Suddenly increased nicotine craving by 
heating the nicotine patch. 
0028. Due to low skin permeability of the skin, onset 
times of conventional DDDSS are usually quite long, and 
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often undesirably long. Thus, another aspect of the present 
invention is to provide methods and apparatus for using 
controlled heat to shorten the onset times of DDDSs, pref 
erably without Substantially changing the Steady State drug 
delivery rates. Aparticularly useful application of this aspect 
of the present invention is to provide a controlled heating 
apparatus for use with conventional, commercially available 
DDDSs to shorten the onset times in clinical use, without 
having to re-design the DDDSs or adjust their steady state 
drug delivery rates. 

0029. It is believed that an important cause for variation 
in drug absorption in DDDSs is variation in temperature of 
the DDDSs and the adjacent skin caused by variations in 
ambient temperature and/or physical condition of the per 
Son. This temperature variation can, of course, potentially 
affect all of the factors that collectively determine the 
ultimate drug delivery rates of the DDDSs. Thus, the present 
invention of providing methods and apparatus to use con 
trolled heating/cooling also minimizes the variation in tem 
perature of the skin and the DDDSs applied on the skin. It 
is also contemplated that an insulating material can be 
incorporated with the controlled temperature apparatus to 
assist in not only minimizing the temperature variation, but 
also increasing the temperature of the DDDS and the skin 
under it (by decreasing heat loss), each of which tend to 
increase dermal drug absorption. 

0030 The present invention also relates to methods and 
apparatus for using an insulating device, Such as a cover 
made of insulating material (Such as closed-cell foam tape) 
with adhesive edges, and a size Slightly larger than the 
DDDS or the area over an injected drug, to cover the 
DDDS/injected drug when the DDDS and/or the skin of the 
user is exposed to extreme temperature (Such as a hot shower 
or bath, direct Sunlight, etc.). 
0031. An important area in modern anesthesiology is 
patient controlled analgesia (hereinafter "PCA'), in which 
the patient gives himself a dose of analgesic when he feels 
the need. The ranges of the dose and dosing frequency are 
usually Set by a care giver (i.e., caring physician, nurse, etc.). 
In many PCA Situations, the patient receives a baseline rate 
of analgesic, and gets extra bolus analgesic when he feels 
that it is needed. The technology in the present invention 
may be used for a PCA in which the patient gets the baseline 
dose by a regular dermal analgesic patch and the extra 
("rescue') dose by heating the dermal analgesic patch. The 
heating temperature and duration needs to be designed to 
deliver a proper amount of extra dose. 

0032) Drugs in controlled or extended release forms or 
formulations may be delivered into depot/storage Sites in the 
skin and/or the tissues under the skin with methods Such as 
injection, implantation, hitting the drug/drug formulation on 
the Skin with SuperSonic Speed, and embedding the drug/ 
drug formulation onto the skin. The controlled/extended 
form/formulation allows the drug to be released gradually 
into the Surrounding tissues and/or Systemic circulation over 
an extended period of time. For instance, extended release 
insulin (such as Ultralente(R) zinc insulin-Eli Lilly and Co.) 
can be injected Subcutaneously to deliver insulin into the 
patient's Systemic circulation over an extended period of 
time. However, once the drug in the controlled/extended 
form/formulation is delivered to the Storage Sites, it is 
usually difficult to alter or control the course of drug release. 
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The apparatus and methods of the present invention allow 
controlled heat to increase and controlled cooling to 
decrease, the drug release from the controlled/extended 
form/formulation after it is delivered into the depot/storage 
Sites. For example, many diabetic patients need additional 
insulin Shortly before meals to Suppress the blood Sugar 
increase resulting from the meals. However, the release rate 
of the Subcutaneously injected extended release insulin is 
relatively constant. With the methods and apparatus in the 
invention, a diabetic patient may inject a Subcutaneous 
extended release insulin in the morning and apply controlled 
heat on the Skin of the injection site for a duration of time 
Shortly before ingestion of a meal to obtain additional 
insulin to Suppress the Sugar from the meal. The controlled 
heat increases the flow of blood and other body fluid 
Surrounding the Storage Sites and is believed to increase the 
dissolution rate of insulin. It is, of course, understood that 
whether a given controlled/extended release formulation in 
the depot/storage Sites can actually release extra drug with 
increased temperature depends on the nature of the drug 
form/formulation. However, Since heat is known or expected 
to increase the diffusion Speed of drugs in their formulations, 
increase the permeability of blood vessel walls, and 
increases the circulation of body fluid Surrounding the depot 
Sites, each of which tend to favor increased drug release, the 
heat-induced extra drug release is expected to take place for 
many, if not most, controlled/extended drug form/formula 
tion delivered into Sub-Skin Storage Sites. 
0033) One important aspect of the present invention is to 
properly choose the temperature of the controlled heat and 
the moment(s) to initiate and stop the controlled heat in the 
applications with injected drug formulations, especially 
extended/controlled release formulations, to accommodate 
the needs of different therapies and individual patients, in 
ways similar to the applications with DDDSs discussed 
above. 

0034. Many biodegradable polymers may be used to 
make controlled/extended release formulations. Of particu 
lar note are the biogradable lactic/glycolic acid polymers 
described in Chapters 29 and 33 of Encyclopedic Handbook 
of Biomaterials and Bioengineering, edited by Donald L. 
Wise, et al., publ. Marcel Dekker, 1995, hereby incorporated 
herein by reference. It is one important aspect of the present 
invention to use controlled heat, as discussed above, to 
control/regulate drug release rates from controlled/extended 
release formulations made with Such polymers, and prefer 
ably, prepared using the methods described in the Encyclo 
pedic Handbook of Biomaterials and Bioengineering. 
0035. For drugs where quick systemic absorption is 
important, the present invention may be beneficial. For 
example, it is generally agreed that to Successfully treat a 
migraine headache, concentrations of an anti-migraine drug, 
Such as dihydroergotamine, in the bloodstream must reach a 
therapeutic level within a certain time from the onset of 
migraine headache. In Such situations, the heating devices, 
as discussed above, may be used with normal injection of 
drugs. Since heat can usually increase the diffusion Speed of 
drugs in their formulations, increase the permeability of 
blood vessel walls, and increases the circulation of body 
fluid Surrounding the injection Site, the drug will enter the 
System circulation more quickly. 
0036) One of the more important aspects of the present 
invention is the apparatus for generating and providing 
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controlled heating. These controlled heat generating appa 
ratus generally comprise a heat generating portion and a 
means to pass the heat generated by the heat generating 
portion to the DDDSs, the skin, and/or the sub-skin depot 
and Storage Sites. These controlled heat generating apparatus 
generally further include a mechanism (Such as tape, adhe 
sive, and the like) for affixing apparatus onto the DDDSs 
and/or the skin. Preferably, the affixation mechanism 
Securely holds the controlled heat generating apparatus in 
place while in use, but it also allows relatively easy removal 
after use. Additionally, these controlled heat generating 
apparatus may further include a mechanism for terminating 
the generation of heat. The shape and size of the bottom of 
the controlled heat generating apparatus are generally Spe 
cially made to accommodate the DDDSs with which they 
are to be employed. 
0037. One embodiment of a controlled heat generating 
apparatus is a shallow chamber including non-air permeable 
Side wall(s), a bottom wall, and a non-air permeable top wall 
which has area(s) with limited and desired air permeability 
(e.g., holes covered with a microporous membrane). A heat 
generating medium is disposed within the shallow chamber. 
The heat generating medium preferably comprises a mixture 
of iron powder, activated carbon, Salt, water, and, optionally, 
Sawdust. The controlled heat generating apparatus is pref 
erably Stored in an air-tight container from which it is 
removed prior to use. After removal from the air-tight 
container, oxygen in the atmosphere ("ambient oxygen”) 
flows into heat generating medium through the areas on the 
non-air permeable top with desired air-permeability to ini 
tiate a heat generating oxidation reaction (i.e., an exothermic 
reaction). The desired heating temperature and duration can 
be obtained by Selecting the air exposure of the top (e.g., 
Selecting the right size and number of holes on the cover 
and/or Selecting the microporous membrane covering the 
holes for a specific air permeability), and/or by Selecting the 
right quantities and/or ratioS of components of the heat 
generating medium. 
0038. This embodiment of the controlled heat generating 
apparatus preferably includes a mechanism for affixing the 
controlled heat generating apparatus onto the skin or a 
DDDS that is applied to the skin. For applications where the 
removal or termination of the heating might be necessary, 
the heat generating apparatus may also have a mechanism 
for allowing easy removal from the DDDS and/or the skin 
or for termination of the heating. One mechanism for 
allowing easy removal of the shallow chamber from a 
DDDS without removing the latter from the skin comprises 
a layer of adhesive on the Side walls of the heat generating 
apparatus with an non-adhesive area or leSS adhesive area 
(less adhesive than the adhesive affixing the DDDS to the 
skin) at the bottom of the shallow chamber, with the non- or 
leSS adhesive area having a shape Similar to that of the 
DDDS. When Such a heat generating apparatus is applied 
onto the DDDS which is on the skin, the adhesive at the 
bottom of the Side walls of the heat generating apparatus 
adheres to the skin, and non- or leSS adhesive part is on top 
of, but not adhered or not strongly adhered to, the DDDS. 
This allows for removal of the heat generating apparatus 
without disturbing the DDDS. 
0039. Although one application of such a heat generating 
apparatus is to be used in conjunction with a DDDS, it is 
understood that the heat generating apparatus can also be 
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applied directly to the Skin to increase the release of drugs 
from depot Sites or Sites of injection or implantation of 
controlled released drugs (Storage sites), or to accelerate the 
absorption of Subcutaneously or intramuscularly injected 
drugs. 
0040. The heat generating mechanism of the present 
invention for the controlled heat generating apparatus is not 
limited to the preferred eXothermic reaction mixture of iron 
powder, activated carbon, Salt, water, and, optionally, Saw 
dust, but may include a heating unit whose heat is generated 
by electricity. The electric heating unit, preferably, includes 
a two dimensional Surface to pass the heat to the DDDS 
and/or the skin. The electric heating unit may also include a 
temperature feedback System and a temperature Sensor that 
can be placed on the DDDS or the skin. The temperature 
sensor monitors the temperature at the DDDS or skin and 
transmits an electric Signal based on the Sensed temperature 
to a controller which regulates the electric current or Voltage 
to the electric heating unit to keep the temperature at the 
DDDS or skin at desired levels. Preferably, a double sided 
adhesive tape can be used to affix the electric heating unit 
onto the skin. 

0041. The heat generating mechanism may also comprise 
an infrared generating unit and a mechanism to direct the 
infrared radiation onto the DDDS or the skin. It may also 
have a temperature feedback System and a temperature 
sensor that can be placed on the DDDS or the skin to control 
the intensity of the infrared emission to maintain the tem 
perature at the DDDS or skin at desired levels. 
0042. The heat generating mechanism may further com 
prise a microwave generation unit and a mechanism to direct 
the microwave radiation onto the DDDS or the skin. Again, 
the heat generating mechanism may have a temperature 
feedback System and a temperature Sensor to regulate the 
intensity of the microwave emission to maintain the tem 
perature at the DDDS or skin at desired levels. 
0043. The heat generating mechanism may yet further 
comprise a container containing Supercooled liquid which 
generates heat from crystallization ("exothermic'). The 
crystallization is initiated within the container, Such as by 
bending a metal piece in the Supercooled liquid, and the 
container is placed on a DDDS or on the skin. The heat 
which is released from the crystallization process is passed 
to the DDDS and/or the skin. However, heat generated by 
crystallization usually does not maintain a constant level 
over extended time. Thus, Such a heat generating mechanism 
is not ideal for applications where elevated temperature in a 
narrow range over an extended time is necessary, but is 
useful where only a short heating duration is needed, Such as 
with a DDDS that would benefit from short heating duration 
to minimize the onset time. 

0044 Although, in general, most benefits for DDDSs are 
realized from increased drug absorption and release rates by 
heating, there are circumstances where it may be desirable 
to be able to both increase and decrease the drug absorption 
and release rates. It is understood that for a more complete 
control in dermal and controlled/extended release drug 
administration that a mechanism for providing both heating 
or cooling, depending on need, would be advantageous. 
Thus, a novel approach of this invention is to provide 
methods and apparatus for providing heating or cooling to 
the DDDSs, the skin and/or the tissues under it, or the 

Nov. 27, 2003 

controlled/extended release drug form/formulation in the 
skin or the tissues under the skin, Such that the drug 
absorption and/or release can be controlled. The heating/ 
cooling mechanism comprises a thermoelectric module 
which functions as a heat pump wherein the power Supply 
may be reversed depending on whether heating or cooling is 
desired. A cooling mechanism can include an endothermic 
crystallization mechanism similar to the exothermic crystal 
lization mechanism discussed above. 

0045. It is, of course, understood that the use of con 
trolled heating and/or cooling to control drug absorption 
and/or release are equally applicable to controlled/extended 
form/formulations after they are delivered into the skin 
and/or tissues under the skin. However, physical mecha 
nisms other than heating and/or cooling may also be used for 
the same purpose. Thus, it is novel approach of this inven 
tion to provide methods and apparatus to use ultrasound, 
electric current, and mechanical vibration to induce extra 
drug release from controlled/extended release form/formu 
lations which are already delivered into the body and that are 
responsive to these physical induction means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0046 While the specification concludes with claims par 
ticularly pointing out and distinctly claiming that which is 
regarded as the present invention, the objects and advan 
tages of this invention may be more readily ascertained from 
the following description of the invention, when read in 
conjunction with the accompanying drawings in which: 
0047 FIG. 1 is a side cross-sectional view of an embodi 
ment of a temperature control apparatus according to the 
present invention; 

0048 FIG. 2 is a side cross-sectional view of another 
embodiment of a temperature control apparatus according to 
the present invention; 
0049 FIG. 3 is a side cross-sectional view of an embodi 
ment of a dermal drug delivery System according to the 
present invention; 

0050 FIG. 4 is a side cross-sectional view of the tem 
perature control apparatus of FIG. 2 in conjunction with the 
dermal drug delivery system of FIG. 3 according to the 
present invention; 
0051 FIG. 5 is a graph of time versus temperature for a 
temperature control apparatus according to the present 
invention; 

0052 FIG. 6 is a graph of the mean fentanyl concentra 
tion of nine Volunteers verse time for a four hour contact of 
a fentanyl containing DDDS with heating and without 
heating according to the present invention; 

0053 FIG. 7 is a graph of time versus temperature for a 
temperature control apparatus according to the present 
invention; 

0054 FIG. 8 is a side cross-sectional view of another 
embodiment of a temperature control apparatus according to 
the present invention; 

0055 FIG. 9 is a side cross-sectional view of another 
embodiment of a dermal drug delivery System according to 
the present invention; 
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0056 FIG. 10 is a side cross-sectional view of the 
temperature control apparatus of FIG. 8 in conjunction with 
the dermal drug delivery system of FIG. 9 according to the 
present invention; 
0057 FIG. 11 is a side cross-sectional view of still 
another embodiment of a dermal drug delivery System 
according to the present invention; 
0.058 FIG. 12 is a side cross-sectional view of the 
temperature control apparatus of FIG. 8 in conjunction with 
the dermal drug delivery system of FIG. 11 according to the 
present invention; 
0059 FIG. 13 is a side cross-sectional view of yet 
another embodiment of a temperature control apparatus 
having three cover layers over an oxygen activated tempera 
ture regulating mechanism chambers according to the 
present invention; 
0060 FIG. 14 is a side cross-sectional view of the 
temperature control apparatus of FIG. 13 having a first 
cover layer removed according to the present invention; 
0061 FIG. 15 is a top plan view of the temperature 
control apparatus of FIG. 14 along line 15-15 according to 
the present invention; 
0.062 FIG. 16 is a side cross-sectional view of the 
temperature control apparatus of FIG. 14 having a Second 
cover layer removed according to the present invention; 
0063 FIG. 17 is a top plan view of the temperature 
control apparatus of FIG. 16 along line 17-17 according to 
the present invention; 
0064 FIG. 18 is a side cross-sectional view of the 
temperature control apparatus of FIG. 16 having a third 
cover layer removed according to the present invention; 
0065 FIG. 19 is a top plan view of the temperature 
control apparatus of FIG. 18 along line 19-19 according to 
the present invention; 
0.066 FIG. 20 is a side cross-sectional view of another 
embodiment of a dermal drug delivery System having a rate 
limiting membrane according to the present invention; 

0067 FIG.21 is a side cross-sectional view of an electric 
temperature control mechanism according to the present 
invention; 

0068 FIG. 22 is a side cross-sectional view of a tem 
perature control apparatus comprising a flexible bag filled 
with a Supercooled liquid according to the present invention; 

0069 FIG. 23 is a side cross-sectional view of a tem 
perature control apparatus capable of both heating and 
cooling applied to a DDDS according to the present inven 
tion; 
0070 FIG. 24 is a schematic for a closed loop tempera 
ture controller for the temperature control apparatus of FIG. 
23 according to the present invention; 

0071 FIG. 25 is a side cross-sectional view of a tem 
perature control apparatus applied directly to a patient's skin 
according to the present invention; 

0.072 FIG. 26 is a side cross-sectional view an electrical 
mechanism for increasing drug absorption according to the 
present invention; 
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0073 FIG. 27 is a side cross-sectional view a vibrational 
mechanism for increasing drug absorption according to the 
present invention; 
0074 FIG. 28 is a side cross-sectional view of a tem 
perature control apparatus capable of both heating and 
cooling applied directly to a patient's skin according to the 
present invention; and 
0075 FIGS. 29-32 is a side cross-sectional view an 
insulative material over a DDDS and injected or depot drug 
Sites for minimizing temperature variation and/or increasing 
the temperature of the DDDS and the skin thereunder 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENT 

0.076 FIGS. 1-32 illustrate various views of temperature 
control or other apparatuses and dermal drug delivery Sys 
tems. It should be understood that the figures presented in 
conjunction with this description are not meant to be illus 
trative of actual views of any particular apparatus, but are 
merely idealized representations which are employed to 
more clearly and fully depict the present invention than 
would otherwise be possible. Elements common between 
the figures retain the same numeric designations. 
0077 FIG. 1 illustrates a temperature control apparatus 
100 of the present invention comprising a chamber defined 
by a bottom wall 102, a top wall 104, and side walls 106 
wherein a temperature regulating mechanism 108 is dis 
posed within the chamber. The temperature regulating 
mechanism 108 can include a heat generating oxidation 
reaction mechanism, electric heating unit, exothermic crys 
tallization mechanism, endothermic crystallization mecha 
nism, heating/cooling mechanism, cooling mechanism, or 
the like. 

0078 FIG. 2 illustrates a temperature control apparatus 
100 comprising a temperature regulating mechanism 108 
surrounded by a bottom wall 102, a top wall 104, and side 
walls 106. The bottom wall 102 is preferably a plastic 
material and the side walls 106 are preferably made of a 
flexible non-air permeable material, Such as non-air perme 
able closed-cell foam material. A portion or all of the bottom 
wall 102 of the temperature control apparatus 100 includes 
an adhesive material 112 for attachment to a DDDS or to the 
skin of a patient. The temperature regulating mechanism 108 
preferably comprises a composition of activated carbon, iron 
powder, Sodium chloride and water in a proper ratio. Option 
ally, Saw dust may be added to the composition to facilitate 
the airflow within the composition and/or provide “body” to 
the composition. The top wall 104 is preferably also a 
flexible non-air permeable material having holes 114 there 
through. An air permeable membrane 116 is, preferably, 
disposed between the top wall 104 and the temperature 
regulating mechanism 108 to regulate the amount of air 
reaching the temperature regulating mechanism 108 through 
the holes 114. The air permeable membrane 116 is prefer 
ably a porous film (such as No. 9711 microporous polyeth 
ylene film-CoTranTM, 3M Corporation, Minneapolis, 
Minn., USA). 
007.9 FIG. 3 illustrates a dermal drug delivery system 
120 (hereinafter “DDDS 120”) comprising a housing 122 
made of a flexible material(s). The housing 122 preferably 
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comprises side walls 124 and a top wall 126 with a drug 
formulation 128 disposed within the housing 122. Prefer 
ably, the bottom of the DDDS side walls 124 include an 
adhesive 132 to affix the DDDS 120 to the skin of a patient. 
0080 FIG. 4 illustrates the temperature control apparatus 
100 of FIG. 2 attached to the DDDS 120 of FIG. 3. The 
DDDS 120 attached to a portion of the skin 134 of a patient. 
The area of the temperature regulating mechanism 108 is 
preferably slightly larger than that of the drug formulation 
128. The temperature control apparatus 100 and the DDDS 
120 are preferably Stored in Separated compartments of an 
air tight container (or in Separate air tight containers). 

EXAMPLE 1. 

0081. One example of using the embodiment of the 
present invention illustrated in FIGS. 2-4 for administering 
analgesic material for relief of pain consists of a patient or 
care giver placing the DDDS 120 on the skin 134 of the 
patient, which preferably adheres to the skin 134 with 
DDDS adhesive 132. The patient or care giver then attaches 
the temperature control apparatus 100 on top of the DDDS 
120, which adheres to the DDDS 120 with temperature 
control apparatus adhesive 112. Oxygen in ambient air flows 
into the temperature regulating mechanism 108 through 
holes 114 and air permeable membrane 116. Of course, it is 
understood that the rate at which oxygen contacts the 
temperature regulating mechanism 108 is determined by the 
size and number of the holes 114 on the top wall 104, as well 
as the air permeability of the air permeable membrane 116. 
A heat generating (exothermic) chemical reaction occurs in 
the temperature regulating mechanism 108. Heat from this 
reaction passes through the temperature control apparatus 
bottom wall 102, through the DDDS top wall 126, through 
the drug formulation 128, and increases the temperature of 
the patient's skin 134 under the DDDS 120. 
0082 In actual experimentation, the temperature control 
apparatus 100 comprised the side walls 106 defined by a /s 
inch thick rectangular foam tape (2 layers of No. 1779 /16" 
white foam tape, 3M Corporation, Minneapolis, Minn., 
USA) with an outer dimension of about 2.25 inches by 4 
inches with an opening therein having an inner dimension of 
about 1.75 inches by 3.5 inches, the bottom wall 102 
comprising rectangular medical tape (No. 1525L plastic 
medical tape, 3M Corporation, Minneapolis, Minn., USA) 
of a dimension of about 2.25 inches by 4 inches with a 
non-adhesive side attached to the bottom of the side walls 
106, and a top wall 104 comprising a rectangular /32 inch 
thick foam tape (No. 9773 %2" tan foam tape, 3M Corpo 
ration, Minneapolis, Minn., USA) with forty-five holes 114 
(diameters approximately 0.9 mm, in a 5 by 9 pattern with 
about 7.5 mm to 8.0 mm center spacing) therethrough. The 
side walls 106, the bottom wall 102, and the top wall 104 
defined a chamber. The holes 114 of the top wall 104 were 
covered by an air permeable membrane 116 comprising a 
porous membrane (No. 9711 microporous polyethylene 
film-CoTranTM, 3M Corporation, Minneapolis, Minn., 
USA) disposed between the top wall 104 and the tempera 
ture regulating mechanism 108. The side walls 106, the 
bottom wall 102, and the top wall 104 all had /s" rounded 
corners. The temperature regulating mechanism 108 dis 
posed in the chamber comprised a mixture of activated 
carbon (HDC grade-Norit Americas, Inc., USA), iron 
powder (grade R1430-ISP Technologies, USA), saw dust 
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(Wood Flour, Pine-Pioneer Sawdust, USA), sodium chlo 
ride and water in the weight ratio of approximately 
5:16:3:2:6 weighing approximately 16.5 grams. The tem 
perature control apparatus 100 was Sealed in an air-tight 
container immediately after fabrication. 

0083. The temperature control apparatus 100 was tested 
on a Volunteer with a temperature probe placed between the 
temperature control apparatus 100 and the volunteer's skin 
to measure the temperature. The results of this temperature 
experiment is illustrated in FIG. 5 and Table A, which shows 
that the temperature control apparatus 100 is capable of 
keeping the skin temperature to a narrow, elevated range of 
about 41° C. to 43° C. for extended period of time (at least 
about 240 minutes). 

TABLE A 

Time (minutes) Temperature (C.) 
O 30.6 
1. 31.8 
2 33.6 
3 35.2 
4 36.6 
5 38.0 
6 39.1 
7 39.9 
8 40.5 
9 41.1 
1O 41.5 
11 41.9 
12 42.3 
13 42.5 
14 42.5 
15 42.5 
16 42.5 
17 42.5 
18 42.5 
19 42.5 
2O 42.5 
22 42.4 
24 42.4 
26 42.3 
28 42.2 
3O 42.5 
35 42.5 
40 42.6 
45 42.6 
60 42.5 
75 42.8 
90 42.7 
12O 42.6 
150 42.3 
18O 42.O 
210 4.1.8 
240 41.O 
255 40.4 

0084 Nine human volunteers receive a dose of fentanyl 
in a DDDS 120. The DDDS 120 comprised a commercially 
available dermal fentanyl patch, Duragesic-50E (designed 
to deliver an average of 50 micrograms of fentanyl per 
hour), distributed by Janssen Pharmaceutica, Inc. of Piscat 
away, N.J., USA. The experiment was conducted to deter 
mine fentanyl concentrations within the volunteers blood 
(over a 12 hour period) without heating the DDDS 120 and 
with heating the DDDS 120 (with the temperature control 
apparatus 100 described above). The experiments were 
conducted with at least a two week time period between the 
heated and unheated Sessions. In the unheated Session, the 
DDDS 120 was applied onto the volunteer's chest skin and 
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removed after about 240 minutes. In the heated Session, the 
DDDS 120 was applied onto the subject's chest skin and 
immediately cover by the temperature control apparatus 
100. Both the DDDS 120 and the temperature control 
apparatus 100 were removed after about 240 minutes. In 
both Sessions, blood Samples were taken at various intervals 
for 12 hours and the fentanyl concentrations in Serum 
Samples were determined by radioimmunoassay. 

0085 FIG. 6 and Table B illustrates the mean serum 
fentanyl concentrations produced by the heated and 
unheated Duragesic-50E patches, respectively, over a 720 
minute duration (The lowest Standard used in the assay was 
0.11 ng/ml. Concentrations lower than 0.11 ng/ml were 
obtained using an extrapolation method.). With heating by 
the temperature control apparatus 100, it was found that 
fentanyl began to enter the Systemic circulation earlier, and 
at faster rates. At 240 minutes, the end of the heating and 
fentanyl patch application, the average Serum concentrations 
of fentanyl in the volunteers with the heating of the Durag 
esic-50E patch was about 5 times that of the unheated 
Duragesic-500B. These results demonstrates that controlled 
heat can significantly increase the Speed of dermal fentanyl 
absorption and Shorten the onset time. 

TABLE B 

Serum Fentanyl Conc. Serum Fentanyl Conc. 
Without Heat With Heat 

Time (minutes) (ng/ml) (ng/ml) 

O O.04 O.O1 
1O O.O3 O.O1 
2O O.O3 O.O2 
3O O.O3 O.O3 
40 O.O3 O.O6 
60 O.04 O.09 
75 O.O3 O16 
90 O.04 O.28 
12O O.O6 O.45 
18O O.14 O.85 
240 O.26 1.29 
3OO O.47 1.04 
360 O40 O.98 
42O O.33 O.88 
48O O.35 O.67 
540 O.38 O.63 
6OO O.37 O.51 
660 O.33 OSO 
720 O.26 O.49 

0.086 Thus, it is believed that the increased temperature 
increases the skin permeability (compared with a DDDS 
without Such a heating mechanism), which results in the 
fentanyl entering the patient's Systemic circulation faster. 
This should result in Serum fentanyl concentrations reaching 
Steady State quicker. The heating is also believed to increase 
the body fluid circulation and blood vessel wall permeability 
in the Sub-Skin tissues, and cause fentanyl to spend less time 
in the Sub-Skin depot Site. As a result, the patient receives the 
analgesic compound more quickly and receives improved 
pain relief. 

0087. In yet another experiment, the temperature control 
apparatus 100 comprised the side walls 106 defined by a 3/16 
inch thick rectangular foam tape (3 layers of No. 1779 /16" 
white foam tape, 3M Corporation, Minneapolis, Minn., 
USA) with an outer dimension of about 2.25 inches by 4 
inches with an opening therein having an inner dimension of 
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about 1.75 inches by 3.5 inches, the bottom wall 102 
comprising rectangular medical tape (No. 1525L plastic 
medical tape, 3M Corporation, Minneapolis, Minn., USA) 
of a dimension of about 2.25 inches by 4 inches with a 
non-adhesive side attached to the bottom of the side walls 
106, and a top wall 104 comprising a rectangular /32 inch 
thick foam tape (No. 9773 %2" tan foam tape, 3M Corpo 
ration, Minneapolis, Minn., USA) with seventy-eight holes 
114 therethrough (diameters approximately /32 inch, in a 6 
by 13 pattern with about a 6 mm center spacing). The side 
walls 106, the bottom wall 102, and the top wall 104 define 
a chamber. The holes 114 of the top wall 104 are covered by 
an air permeable membrane 116 comprising a porous mem 
brane (No. 9711 CoTranTM membrane, 3M Corporation, 
Minneapolis, Minn., USA) disposed between the top wall 
104 and the temperature regulating mechanism 108. The 
side walls 106, the bottom wall 102, and the top wall 104 all 
had /s" rounded corners. The temperature regulating mecha 
nism 108 disposed in the chamber comprised a mixture of 
activated carbon, iron powder, Saw dust, Sodium chloride 
and water in the weight ratio of approximately 5:16:3:2:6 
weighing approximately 25 grams. This temperature control 
apparatus 100 was tested on a volunteer's stomach with a 
temperature probe placed between the temperature control 
apparatus 100 and the volunteer's skin to measure the 
temperature. The results of this temperature experiment is 
illustrated in FIG. 7 and Table C, which shows that the 
temperature control apparatus 100 is capable of keeping the 
skin temperature to a narrow, elevated range at between 
about 41 and 44 C. for extended period of time (at least 
about 450 minutes). 

TABLE C 

Time (minutes) Temperature (C.) 
O 29.6 
1. 31.9 

15 39.3 
16 39.9 
17 40.6 
18 41.O 
19 41.4 
2O 41.9 
22 42.7 
24 43.2 
26 43.6 
28 43.7 
3O 43.5 
35 43.5 
40 43.3 
45 43.3 
60 43.1 
75 42.9 
90 43.O 
12O 43.O 
150 43.2 
18O 43.O 
210 42.6 
240 42.5 
270 42.3 
3OO 43.O 
330 43.O 
360 42.6 
390 42.6 
42O 42.5 
450 41.9 

0088 FIG. 8 illustrates another embodiment of a tem 
perature control apparatus 150 comprising a temperature 
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regulating mechanism 108 surrounded by a bottom wall 102, 
a top wall 104, and side walls 152. The side walls 152 extend 
a distance below the bottom wall 102 to define a cavity 154. 
The bottom wall 102 is preferably made of plastic tape 
material and the side walls 152 are preferably made of a 
flexible non-air permeable material, Such as non-air perme 
able closed-cell foam material. A portion of the bottom of 
the temperature control apparatuS 150 includes an adhesive 
material 112 on the bottom of the side walls 152 and, 
preferably, includes a second adhesive material 156 in the 
bottom of the bottom wall 102, wherein the second adhesive 
material 156 is preferably less adhesive than the adhesive 
material 112. Again, the temperature regulating mechanism 
108 preferably comprises a composition of activated carbon, 
iron powder, Sodium chloride, water, and, optionally, Saw 
dust. The top wall 104 is preferably also a flexible non-air 
permeable material having holes 114 therethrough. An air 
permeable membrane 116 is disposed between the top wall 
104 and the temperature regulating mechanism 108 to 
regulate the amount of air reaching the temperature regu 
lating mechanism 108 through the holes 114. 
0089 FIG. 9 illustrates a DDDS 160 comprising a hous 
ing made 122 of flexible materials. The housing 122 pref 
erably comprises side walls 124 and a top wall 126 with a 
drug formulation 128 disposed within the housing 122, and 
may include a membrane 130 which may be a rate-limiting 
membrane. 

0090 FIG. 10 illustrates the temperature control appa 
ratus 150 of FIG. 8 attached to the DDDS 160 of FIG. 9. 
The DDDS 160 is placed on (or attached with an adhesive, 
not shown) a portion of the skin 134 of a patient and the 
temperature control apparatus 150 is placed over the DDDS 
160, such that the DDDS 160 resides within the cavity 154 
(see FIG. 8). The adhesive material 112 attaches to the skin 
134 and holds the temperature control apparatus 150 in 
place. If the DDDS 160 is not attached to the skin 134, the 
temperature control apparatus 150 holds the DDDS 160 in 
place. Preferably, the DDDS 160 is attached to the skin 134 
with an adhesive material (not shown) with the temperature 
control apparatus 150 placed over the DDDS 160. The 
temperature control apparatus 150 is attached to the skin 134 
with the adhesive material 112 and the second adhesive 
material 156 (less adhesive than any attachment adhesive 
(not shown) between the DDDS 160 and the skin 134 and 
less adhesive than the adhesive material 112 between the 
temperature control apparatus 150 and the skin 134) attaches 
the temperature control apparatus 150 to the DDDS 160. 
Such an arrangement results in Secure adhesion of the 
temperature control apparatus 150 and the DDDS 160 to the 
skin 134, yet allows for the removal of the temperature 
control apparatus 150 without removing the DDDS 160. 
0091 FIG. 11 illustrates an alternate DDDS 165 com 
prising a housing 123 made of flexible material(s). The 
housing 123 preferably comprises top wall 125 and a 
membrane 103, which may be a rate-limiting membrane, 
with a drug formulation 128 disposed within the housing 
123. FIG. 12 illustrates the temperature control apparatus 
150 of FIG. 8 attached to the DDDS 165 of FIG. 11, similar 
that described for FIG. 10. 

EXAMPLE 2 

0092 An example of using the embodiment of the 
present invention illustrated in FIGS. 8-12 for administering 
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analgesic material to treat breakthrough pain consists of a 
patient or care giver placing the DDDS 160, 165 on the skin 
134 of the patient with the temperature control apparatus 
150 placed thereover. By way of example, when the DDDS 
160, 165 is a commercially available fentanyl patch, Durag 
esic-50E), it takes several hours after the application of the 
DDDS 160, 165 to obtain a sufficient steady state level of 
fentanyl in the patient's bloodstream to control baseline 
pain. However, Such as with the treatment of cancer patients, 
a patient will from time to time Suffer breakthrough pain, 
which is a Suddenly increased but usually not long lasting 
pain. When a patient feels that a breakthrough pain episode 
is imminent, the patient places the temperature control 
apparatus 150 over the DDDS 160, 165. The heat from the 
temperature control apparatus 150 increases the temperature 
of the fentanyl patch, the skin, and tissues under the skin. AS 
a result, more fentanyl is absorbed acroSS the skin. Further 
more, fentanyl already in the Skin and Sub-skin depot Sites 
(i.e., fentanyl molecules that have already permeated across 
the skin but were stored in the skin and Sub-skin tissues) 
Starts to be released into the Systemic circulation at faster 
rates because of increased blood/body fluid flow in the 
tissues under the fentanyl patch and increment blood vessel 
wall permeability caused by heat from the temperature 
control apparatus 150. The overall result is that fentanyl 
concentration in the patient's bloodstream is significantly 
increased shortly after the heating patch is applied (com 
pared with no temperature control apparatuS 150 being 
used), and the increased fentanyl in the bloodstream allevi 
ates the breakthrough pain in a timely manner. It is believed 
that for lipophilic compounds, Such as fentanyl, that usually 
have significant dermal depot effect (storage in depot sites in 
the skin and Sub-Skin tissues and gradual release from the 
depot sites), the increased drug release from the depot sites 
due to the heating may make a more rapid and a more 
Significant contribution to increasing bloodstream drug con 
centrations than the contribution from increased skin per 
meability caused by the heat. The patient can leave the 
heating patch on for a pre-determined length of time, based 
on his previous experience of breakthrough pain, before he 
Stops the heating by removing the patch or placing an air 
impermeable tape to cover all the holes on the top wall 104. 
The patient may also stop the heating when he feels the 
current episode of breakthrough pain is over or beginning to 
end. 

0093 Preferably, the heating patch is designed to have a 
predetermined heating duration that is Sufficient to treat most 
patients’ breakthrough pain, but not long enough to cause 
Serious Side effects associated with fentanyl Overdose. How 
ever, if a particular patient has a higher tolerance to fentanyl, 
the patient can use two or more of the heating patches 
consecutively So that the patient gets just enough extra 
fentanyl to treat the breakthrough pain. 

EXAMPLE 3 

0094. Another example of using the embodiment of the 
present invention illustrated in FIGS. 8-12 for dermally 
administering nicotine for Suppressing nicotine craving con 
sists of a user placing a nicotine DDDS 160, 165 on the skin 
134. After a few hours, the user should obtain a steady state 
nicotine concentration in the bloodstream that is Sufficient to 
SuppreSS a "baseline' nicotine craving. When the user Starts 
to have an episode of increased nicotine craving, the user 
puts the temperature control apparatuS 150 on top of the 



US 2003/0219470 A1 

DDDS 160, 165. The temperature control apparatus 150 
preferably heats for at least 15 minutes before the exother 
mic reaction exhausts the temperature regulating mechanism 
108. The heat increases the transport of nicotine across the 
skin, and increases the blood flow in the tissues under the 
DDDS 160, 165 which carries nicotine stored in the tissues 
under the DDDS 160, 165 into the systemic circulation at 
increased rates. As a result, the user gets a rapid increase in 
his blood nicotine concentration to treat the Surge of the 
nicotine craving. After the heating, the nicotine absorption 
rates gradually come back to normal to deliver the Steady 
State nicotine concentration in the bloodstream. 

EXAMPLE 4 

0.095 Another example of using the embodiment of the 
present invention illustrated in FIGS. 8-12 for dermally 
administering testosterone to increase and optimize the 
amount of drug delivered consists of a user placing the 
DDDS 160, 165, such as a once a day dermal testosterone 
patch, for example Androderm(R) produced by Theratech, 
Inc. of Salt Lake City, Utah, USA, on the skin 134. The 
DDDS 160,165 is generally applied to the skin 134 at night, 
for example at 10 PM. However, if the user does not get a 
Sufficient dosage of testosterone the next day, the user puts 
the temperature control apparatus 150 on top of the DDDS 
160,165. The increased temperature in the DDDS 160, 165, 
the skin 134 and tissues under the skin Significantly increase 
the dermal absorption of testosterone. In addition, if the 
DDDS 160, 165 has permeation enhancer, such as glycerol 
monooleate, the heat should also make the enhancer perme 
ate the Skin faster, thus making it more effective. The 
ultimate result is that the user gets Sufficient testosterone 
from the DDDS 160, 165. Furthermore, the user may also 
place the temperature control apparatus 150 on the DDDS 
160, 165 in the morning to deliver more testosterone from 
morning to the evening when the user needs the higher 
dosage the most. The increased absorption of testosterone by 
the controlled heating may allow the readuction of a per 
meation enhancer concentration which is used in the DDDS 
160,165. In a testosterone DDDS, a permeation enhancer is 
usually necessary for delivering Sufficient testosterone, how 
ever permeation enhancers may cause Serious skin irritation, 
Such as glycerol monooleate in Androderm(R). 

EXAMPLE 5 

0096. It is, of course, understood that the DDDS 160,165 
and the temperature control apparatus 150 can be with 
athletic injuries. For example, if a perSon injures an elbow 
in a sporting event or such, the user can apply a DDDS 160, 
165 containing an analgesic, Such a dexamethasone, win 
tergreen oil, or the like, wherein the DDDS 160, 165. The 
heat generated by the temperature control apparatus 150 
drives more drug into the elbow and the increased the blood 
flow induced by the heat takes the drug deeper into the 
elbow. 

EXAMPLE 6 

0097. Yet another example of using the embodiment of 
the present invention illustrated in FIGS. 8-12 comprises 
using the temperature control apparatus 150 for administer 
ing analgesic material to treat pain when the diffusion 
coefficient of the active ingredients in the formulation 128 
and/or permeability coefficient acroSS a rate limiting mem 
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brane 130 is so low that it dominantly determines the overall 
absorption rate of analgesic material from the DDDS 160, 
165 into a patient's body. By way of example with the use 
of a DDDS 160, 165, the patient or care giver places the 
DDDS 160,165 on the skin 134 of the patient. If after a time 
of wearing the DDDS 160, 165, it is determined that for this 
particular patient and his conditions a higher concentration 
of fentanyl in the bloodstream is required to property treat 
his pain, the temperature control apparatus 150 is placed on 
top of the DDDS 160, 165 to heat the DDDS 160, 165. 
0098. The increased temperature increases diffusion 
coefficient of the active ingredient in the formulation in the 
DDDS 160, 165 and increases the permeability coefficient 
across the rate limit membrane 130 in the DDDS 160, 165, 
and, thus, the Overall rates at which the active ingredient 
enters the patient's body. This, in turn, increases the con 
centration of active ingredient in the bloodstream. AS a 
result, the patient gets the increased and proper effect. 

EXAMPLE 7 

0099 Still another example of using the embodiment of 
the present invention illustrated in FIGS. 8-12 comprises 
using the temperature control apparatus 150 for decreasing 
onset time of an analgesic material from the DDDS 160, 
165. By way of example with the use of a commercially 
available fentanyl patch, Such as Duragesic-506), as the 
DDDS 160, 165, the patient or care giver places the DDDS 
160, 165 on the skin 134 of the patient and places the 
temperature control apparatus 150 over the DDDS 160. 
Preferably, the temperature control apparatus 150 includes a 
Sufficient amount of activated carbon, iron powder, Sodium 
chloride, and water in the temperature regulating mechanism 
108 to Sustain an exothermic reaction for at least 4 hours. 

0100. The heat from the temperature control apparatus 
150 increases the temperature at a contact Surface of the skin 
134 and the DDDS 160,165 to temperatures up to about 60° 
C., preferably a narrow temperature range between about 
36° C. and 46° C., most preferably between 37° C. and 44 
C., and maintains this temperature for a period of time (i.e., 
approximately 4 hours). During this time, the heat increases 
the speed of fentanyl release from the DDDS 160, 165, the 
permeation rate across the skin 134, and the Speed of blood 
circulation which carriers the fentanyl into the Systemic 
circulation faster. After the exothermic reaction ceases 
(approximately 4 hours), the fentanyl absorption and con 
centration in the bloodstream begins to decrease from the 
elevated levels caused by the heat from the DDDS 160,165 
returns to normal (unheated) levels. The patient continues to 
wear the system for a total of between about 48 and 72 
hours. Compared with a DDDS 160, 165 without the use of 
the temperature control apparatus 150, the fentanyl begins to 
appear in the bloodstream Significantly earlier to yield a 
Shortened onset time and the fentanyl concentrations in the 
bloodstream in the early hours of application are signifi 
cantly higher than that produced by an unheated DDDS 160, 
165. The therapeutic serum fentanyl concentration varies 
from person to perSon. For example Some people respond to 
levels above 0.2 ng/mL. Referring to FIG. 6, this 0.2 ng/mL 
concentration is achieved in about one-third the amount of 
time for a heated System than for a non-heated System (i.e., 
about 70 minutes as compared with about 210 minutes). 
0101. After a period of time when the exothermic reac 
tion of temperature control apparatus 150 slowly stops 
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generating heat, the fentanyl concentration in the blood 
Stream Starts to gradually approach the normal Steady State 
fentanyl concentrations in the bloodstream which would 
ultimately be seen with an unheated DDDS 160, 165, given 
a Sufficient amount of time. As a result, the temperature 
control apparatuS 150 significantly shortens the onset time of 
Duragesic-506) without Significantly altering its Steady State 
delivery rates. Thus, the important advantage provided by 
this approach is that the onset time of a DDDS 160, 165 
already in clinical use can be shortened without significantly 
altering its steady State delivery rates which are not only 
adequate, but also familiar to the caregivers and the patients. 

EXAMPLE 8 

0102) A further example of using the embodiment of the 
present invention illustrated in FIGS. 8-12 comprises using 
the temperature control apparatus 150 for a Sustained high 
absorption rate of an analgesic material from the DDDS 160, 
165. Cancer patient's tend to develop a tolerance for fenta 
nyl (and other analgesic materials) after extended use. For 
example, if a patient becomes tolerant to a Duragesic-1000R 
(100 micrograms/hour deliver rate) dermal patch, a care 
giver may apply both a Duragesic-1000R and a Duragesic 
50(R) (50 micrograms/hour delivery rate) to treat the patient's 
cancer pain. However, instead of using two Duragesic E) 
patches, a care giver can use a Duragesic-75(E) (75 micro 
grams/hour delivery rate) patch in conjunction with the 
temperature control apparatuS 150, preferably designed to 
last between about 12 and 24 hours, to increase the fentanyl 
absorption. The care giver replaces the heating patch, after 
the designed heating during is over, with another heating 
patch to maintain a desired temperature, and continues to do 
so until the fentanyl in the Duragesic-75(R) patch can no 
longer Supply a therapeutic amount of fentanyl. It is, of 
course, understood that the temperature control apparatus 
150 may be designed to last as long as the expected usage 
time of the Duragesic-75(R) dermal patch. 
0103 Heating patches with different heating tempera 
tures may be used to achieve different increased levels of 
fentanyl deliver rates. 

EXAMPLE 9 

0104. Yet still another example of using the embodiment 
of the present invention illustrated in FIGS. 8-12 again 
comprises using the temperature control apparatus 150 for 
decreasing onset time of an analgesic material from the 
DDDS 160, 165. By way of example, a local anaesthetic, 
Such as a eutectic mixture of lidocaine and tetracaine, can be 
administer with a DDDS 160, 165 to numb the skin 134 
before a painful medical procedure. A faster onset and 
deeper numbing effect within a short time can be achieved 
by placing the temperature control apparatus 150 over the 
DDDS 160, 165, wherein the temperature control apparatus 
150 is capable of providing heating the skin to a narrow 
range between about 37 C. and 41 C., preferably between 
39 C. and 40° C., for at least 30 minutes. The skin 134 
should be numb in 30 minute or less, which is much shorter 
than that without heating. Depending on the original skin 
temperature, it is believed that Such heating will reduce the 
onset time by about 60% of the onset time without heating. 

EXAMPLE 10 

0105 Still another example of using the embodiment of 
the present invention illustrated in FIGS. 8-12 again com 
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prises using the temperature control apparatus 150 for 
increasing the solubility of an analgesic from the DDDS 
160, 165. By way of example, a formulation may be 
designed to contain an analgesic which has Such low Solu 
bility in the formulation that a significant portion is in the 
form of undissolved paritcles, and the Solubility increases 
with increasing the temperature of the formulation. 

0106) A patient places such a DDDS 160,165 on his skin. 
If the amount of the analgesic compound the patient receives 
from the DDDS 160, 165 is not sufficient, the patient places 
the temperature control apparatus 150 on or over the DDDS 
160, 165. The heat generated in the temperature control 
apparatus 150 increases the temperature of the formulation 
in the DDDS 160,165 and maintains the increased tempera 
ture for a significant part or Substantially the entire length of 
the DDDS 160, 165 application. The increased temperature 
in the formulation increases the Solubility of the analgesic 
compound in the formulation. Consequently, more analgesic 
compounds are dissolved in the formulation which gives 
higher driving force for the transdermal permeation of the 
analgesic compound. As a result, more of the analgesic 
compound enters the patient's body. 

0107 Another variation of this example is for the treat 
ment of breakthrough pain. If the Solubility of the analgesic 
compound in a formulation in the DDDS 160, 165 is 
Sufficient to treat baseline pain, but not breakthrough pain, a 
patient can place the temperature control apparatus 150 on 
or over the DDDS 160, 165 when an episode of break 
through pain occurs. The increased Solubility of the analge 
sic compound in the formulation results in the patient 
obtaining more analgesic compound to treat the break 
through pain. The heating from the temperature control 
apparatus can be discontinued after the patient determines 
that the pain is under control. 
0108. Although Examples 1-10 discuss the application of 
Specific drugs, it is, of course, understood that the present 
invention is not limited to any particular drug(s). It is 
understood that a considerable variety of drugs classes and 
Specific drugs may be used with the present invention. The 
drug classes can include without limitation androgen, estro 
gen, non-Steroidal anti-inflammatory agents, anti-hyperten 
Sive agents, analgesic agents, anti-depressants, antibiotics, 
anti-cancer agents, local anesthetics, antiemetics, anti-infec 
tants, contraceptives, anti-diabetic agents, Steroids, anti 
allergy agents, anti-migraine agents, agents for Smoking 
cessation, and anti-obesity agents. Specific drugs can 
include without limitation nicotine, testosterone, estradiol, 
nitroglycerin, clonidine, dexamethasone, wintergreen oil, 
tetracaine, lidocaine, fentanyl, Sufentanil, progestrone, insu 
lin, Vitamin A, Vitamin C, Vitamin E, prilocaine, bupiv 
acaine, Sumatriptan, and dihydroergotamine. 

EXAMPLE 11 

0109 Yet still another example of using the embodiment 
of the present invention illustrated in FIGS. 8-12 again 
comprises using the temperature control apparatus 150 for 
maintaining a stable temperature for the DDDS 160, 165. 
Certain drugs have relatively low therapeutic indices, mean 
ing that the differences between the therapeutic dose and the 
dose which can cause Serious and/or undesired side effects 
are Small. Thus, dermal delivery of Such drugs can be 
dangerous (over-dose) or ineffective (under-dose), espe 
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cially for individuals whose skin are exposed to highly 
variable ambient temperatures, Such as people working 
outdoors in extreme weather conditions. The variations in 
ambient temperature can cause variations in skin tempera 
ture which can significantly change the ultimate dermal 
absorption of the drugs. Covering a DDDS 160, 165 con 
taining a low therapeutic indices drug with the temperature 
control apparatus 150 can regulate the skin temperature to a 
narrower range and reduce the variation in dermal drug 
absorption. Drugs and classes of drugs that may benefit from 
this method include, but are not limited to, drugs. Such as 
nicotine, nitroglycerin, clonidine, fentanyl, Sufentanil, and 
insulin; and classes of drugs. Such as non-Steroidal anti 
inflammatory agents, anti-hypertensive agents, analgesic 
agents, anti-diabetic agents, and anti-migraine agents. 
0110 FIGS. 13-19 illustrates another embodiment of a 
temperature control apparatus 170. FIG. 13 illustrates the 
temperature control apparatus 170 which is similar to the 
embodiment of FIG. 8, but comprises a temperature regu 
lating mechanism 108 which is made up of a plurality of 
chambers 172 separated by non-air permeable walls 174. 
The temperature regulating mechanism 108 is substantially 
surrounded by a bottom wall 102, a top wall 104, and side 
walls 152. Again, the temperature regulating mechanism 108 
preferably comprises a composition of activated carbon, iron 
powder, Sodium chloride, water, and, optionally, Saw dust, 
which is disposed in each of the chambers 172. The top wall 
104 is preferably also a flexible non-air permeable material 
having a plurality of holes 114 therethrough, preferably, a 
row of holes 114 for each chamber 172. An air permeable 
membrane 116 is disposed between the top wall 104 and the 
temperature regulating mechanism 108 to regulate the 
amount of air reaching the temperature regulating mecha 
nism 108 through the holes 114. The top wall 104 can have 
at least one cover covering the plurality of holes 114 for the 
regulation of the air into the chambers 172. As illustrated in 
FIG. 13, three covers are layered on the top wall 104. A first 
cover layer 176 is affixed to the top wall 104 and has 
openings 178 (see FIG. 17) to expose 2 out of 3 holes 114. 
A second cover layer 182 is affixed to the first cover layer 
176 and has opening 184 (see FIG. 15) to expose 1 out of 
3 holes 114. A top cover 186, which has no openings, is 
affixed to the second cover layer 182. Thus, a patient has a 
various opinions on what percentage of chambers 172 to 
expose to ambient air. If the heat generated from one third 
of the chambers is required, the top cover 186 is removed, 
as shown in FIGS. 14 and 15. If the heat generated from two 
thirds of the chambers is required or if another additional 
heat is needed after the depletion of the first one-third of the 
temperature regulating mechanism 108, the top cover 186 
and the second cover layer are removed, as shown in FIGS. 
16 and 17. If the heat generated from all of the chambers is 
required or if another additional heat is needed after the 
depletion of the first and Second one-third of the temperature 
regulating mechanism 108, the top cover 186, the second 
cover layer 182, and the first cover layer 176 are removed, 
as shown in FIGS. 18 and 19. It is, of course, understood 
that more or leSS cover layers can be used with any number 
of holes to results in any desired amounts of the temperature 
regulating mechanism 108 being activated. 
0111 Thus, by way of example a patient can have a 
number of choices in using the temperature control appara 
tus 170, such for the Suppression of breakthrough pain. 
When the breakthrough pain occurs, the patent places the 
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temperature control apparatus 170 over an analgesic mate 
rial DDDS and can do any of the following: 
0112 1) Activate a particular number or percent of cham 
berS 172 by removing the requisite coverS depending on how 
much additional analgesic material is required to treat the 
breakthrough pain. The covers can be preferably replaced to 
Stop the exothermic reaction when no more additional 
analgesic material is required. 
0113 2) Activate a particular number or percent of cham 
berS 172, exhaust the heat generating capacity of those 
chambers 172, and then activate other (non-activated) cham 
bers 172. This extends the heating duration of the tempera 
ture control apparatus 170. The duration of the total heating 
time is determined by the typical duration of the particular 
patient's breakthrough pain. 

0114 3) Activate enough chambers 172 to treat one 
episode of breakthrough pain, and leave the heating patch in 
place. When the next episode of breakthrough pain occurs, 
activate unused chambers 172. 

0115 FIG. 20 illustrates a dermal drug delivery system 
190 (hereinafter “DDDS 190”) having a rate limiting mem 
brane 192. The structure of DDDS 190 is similar to that of 
FIG. 3. However, the DDDS 190 includes a rate limiting 
membrane 192 which resides between the drug formulation 
128 and the skin 134 of a patient. 
0116 Generally, the permeability of the drug in the drug 
formulation 128 through the rate limiting member 192 is 
Significantly lower than the permeability of the drug in the 
drug formulation 128 into the Skin of an average patient. 
Rate limiting membranes 192 are used to minimize the 
variation in overall permeation, and to regulate the amount 
of drug delivered to the patient So that overdosing does not 
occur. Another aspect of the present invention is the use of 
a temperature Sensitive rate limiting membrane, Such that 
the drug permeation rate through the rate limiting membrane 
increases Significantly with increasing temperature. With 
such a DDDS 190, the above discussed temperature control 
mechanisms 100 (FIG. 1 & 2), 150 (FIG.8), and 170 (FIG. 
13) can be used to increase the drug delivery rate across the 
rate limiting membrane 192 to treat breakthrough pain, 
reduce onset time, increase Steady State delivery rate, or 
other advantages discussed above. 
0117 The possible temperature control mechanisms are 
not limited to the exothermic reaction mixture of iron 
powder, activated carbon, Salt, water, and Sawdust, as dis 
cussed above. FIG. 21 illustrates an electric temperature 
control mechanism 200 comprising an electric heating ele 
ment 202 Surrounded by a bottom wall 102, a top wall 104, 
and side walls 152 (similar to FIG. 8). The side walls 152, 
preferably, extend a distance below the bottom wall 102 to 
define a cavity 154. It is, of course, understood that the 
electric heating element 202 does not have to have the side 
walls 152 forming a cavity 154. 

0118. The bottom wall 102 and the side walls 152 are 
preferably made of a flexible non-air permeable material, 
Such as non-air permeable closed-cell foam material. A 
portion of the bottom of the temperature control apparatus 
200 includes an adhesive material 112 on the bottom of the 
Side walls 152 and, preferably, includes a Second adhesive 
material 156 in the bottom of the bottom wall 102, wherein 
the second adhesive material 156 is preferably less adhesive 
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than the adhesive material 112. The electric heating element 
202 preferably comprises a flexible resistor plate that can 
generate heat when Supplied with an electric current through 
traces 206, 208. The electric current is preferably supplied 
from a battery 212 attached to a control mechanism 214, and 
an electronic Switch 216. The battery 212, the control 
mechanism 214, and the electronic Switch 216 are preferably 
attached to the top surface of the top wall 104. The electric 
heating element 202 is activated by triggering the electronic 
Switch 216 which begins the flow of electric current from the 
battery 212 to the electric heating element 202. A tempera 
ture Sensor 218, Such as a thermistor, is preferably attached 
to the bottom of the bottom wall 102 and sends a signal 
(corresponding to the temperature at the bottom of the 
bottom wall 102) through electric trace 222 to the control 
mechanism 214. The control mechanism 214 regulates the 
flow of current to the electric heating element 202, so that 
the electric heating element 202 quickly brings the tempera 
ture at a contact Surface between the bottom wall 102 and a 
top of a DDDS (not shown) to a pre-determined level and 
maintains the temperature at that pre-determined level. The 
following features may be incorporated into the control 
mechanism 214: 1) a mechanism that allows a physician or 
care giver Set the length of each heating period for each 
patient, which allows the physician to limit the heating, and 
hence the extra drug that the patient can get based on the 
conditions of the patient; 2) a mechanism that allows the 
physician or care giver to Set the minimum time between the 
heating periods, and hence how often the patient can get the 
extra drug through increase heat; 3) a mechanism that allows 
the physician or care giver to set a pre-determined tempera 
ture; and/or 4) a mechanism that allows the physician or care 
giver to control the heating temperature profile, Such as 
gradually increasing heating temperature or decreasing tem 
perature over a pre-determined period of time. These fea 
tures can potentially give simple DDDSs a variety of control 
options for the physician and/or the patient on the quinantity 
and timing of the delivery of extra drug. 

EXAMPLE 12 

0119) An example of using the embodiment of the present 
invention, such as illustrated in FIG. 21, includes using the 
temperature control mechanism 200 for decreasing onset 
time of a local anesthetic comprising approximately 14% 
tetracaine/lidocaine eutectic mixture by weight, 8.6% poly 
vinyl alcohol (PVA) by weight, 0.17% sodium hydroxide 
(NaOH) by weight, and the remainder water (H2O). The 
local anesthetic, in the form of a thin patch, was placed on 
a Volunteer's left forearm and the temperature control 
mechanism 200, set to maintain a 41 C. temperature, was 
placed over the local anesthetic. The local anesthetic was 
also placed on a volunteer's right forearm (at a different 
time) and left at room temperature (about 24° C). The 
results are presented in Table D, wherein the effect of the 
local anesthetic was measure by a pain Score when the skin 
is poked by a blunt object. The pain Score is defined as 
follows: 

Score Effect 

O No effect 
1. Between no numbness and medium numb 
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-continued 

Score Effect 

Medium numb 
almost completely numb 
completely numb, but not deep 
completely numb and deep 

0120 

TABLED 

Time (minutes) Pain Score with Heating Pain Score w/o Heating 
15 4 2 
2O 5 3 
25 4 
3O 5 

0121 Thus, it can be seen that heating reduced the onset 
time of complete and deep numbness by approximately 
33%. 

EXAMPLE 13 

0122) Another example of using the embodiment of the 
present invention, such as illustrated in FIG. 21, includes 
using the temperature control mechanism 200 for a Sustained 
high absorption rate of an analgesic material from the DDDS 
160, 165. Cancer patient’s tend to develop a tolerance for 
fentanyl (and other analgesic materials) after extended use. 
For example, if a cancer patient becomes tolerant to a 
Duragesic-100E (100 micrograms/hour deliver rate) dermal 
patch, a care giver may apply an electric heating device, 
Such as temperature control mechanism 200, on a Durag 
esic-1000R patch and sets the temperature to heat the skin 
surface to 38 C. to obtain a higher rate of fentanyl delivery 
from the Duragesic-100 patch for treating the patient's 
cancer pain. However, if, after a duration of treatment, the 
cancer patient becomes tolerant the fentanyl delivery rate at 
38 C., the care giver can adjust the temperature control 
mechanism 200 on the of Duragesic-1000R patch to heat the 
skin Surface to 40 C. to obtain an even higher rate of 
fentanyl delivery from the Duragesic-100 patch for treating 
the patient's cancer pain. 

0123 FIG. 22 illustrates another embodiment of a tem 
perature control apparatuS 240 comprising a Substantially 
flat, flexible bag 242 filled with a Supercooled liquid 244, 
Such as a concentrated Solution of Sodium acetate. Abottom 
portion of the bag 242, preferably, includes an adhesive 
material 246. The bag 242 is preferably slightly larger than 
the DDDS 160 such that the adhesive material 246 may 
contact and adhere to the skin 134. The bag 242 further 
includes a triggering mechanism 248, Such as a metal Strip. 
For example, when a patient wearing a DDDS containing an 
appropriate analgesic material feels the imminent onset of 
breakthrough pain, the bag 242 is placed over the DDDS 
160. The triggering mechanism 248 is activated (such as by 
bending a metal Strip) which triggers crystallization in the 
Supercooled liquid. The heat generated by the crystallization 
(phase transition) increases the Speed of transport of anal 
gesic material into the body and the Speeds the release of 
analgesic material from the depot Sites in the Skin and the 
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Sub-skin tissues. As a result the patient gets a rapid delivery 
of extra analgesic material to treat breakthrough pain. USu 
ally, the heat generated by a phase transition can not be 
Sustained over extended time, but may be enough to release 
adequate amount of analgesic material from the depot Sites 
in the tissues under the skin to treat the breakthrough pain. 
The advantage of the temperature control apparatus 240 is 
that it is reusable. After use, the temperature control appa 
ratus 240 can be placed in hot water and then cooled to room 
temperature to transfer the Solidified contents in the bag 
back to a Supercooled liquid 244. 

EXAMPLE 1.4 

0.124. An example of using the embodiment of the 
present invention illustrated in FIGS. 23-24 comprises using 
a temperature control apparatus 300 which is capable of 
heating and cooling, Such that the rate of absorption of a 
drug formulation in a DDDS can be increased or decreased, 
as needed. 

0125 For example, as shown in FIG. 23, if the level of 
the drug in the patient's System requires adjusting, the 
temperature control apparatus 300 is placed on a DDDS 160. 
Heating will result in an increase in drug absorption (as 
previously discussed) and cooling will reduce drug absorp 
tion to prevent overdose. FIG. 23 illustrates the temperature 
control apparatus 300 as a thermoelectric module which is 
be used for both heating or cooling. The temperature control 
apparatus 300 functions as a Small heat pump, wherein a low 
voltage DC power source 304 provides a current in one 
direction 306 to a thermoelectric unit 310 which results in 
heating on a first side 308 (preferably a ceramic substrace) 
of the temperature control apparatus 300 and cooling on a 
second side 312 (preferably a finned dissipation structure) of 
the temperature control apparatus 300. If the current direc 
tion is reversed, the first side 308 will cool and the second 
side will heat. 

0.126 The temperature control apparatus 300 may be 
control with a closed loop temperature controller 314, as 
shown in FIG. 24. The temperature controller 314 com 
prises a positive DC node 316 and a negative DC node 318 
Supplying circuit to a primary circuit 320. The primary 
circuit 320 delivers an electrical signal 322 through a 
voltage amplifier 324 and a power amplifier 326 to the 
thermoelectric unit 310. The primary circuit 320 further 
includes a temperature Sensor 328 receiving a temperature 
signal 330 from the thermoelectric unit 310, and further 
includes a temperature adjustment mechanism 332, which 
adjusts the electrical Signal 322. 
0127. A variety of drugs and drug classes can be utilized 
with Such treatments. The drugs include, but are not limited 
to, nicotine, nitroglycerin, clonidine, dexamethasone, fenta 
nyl, Sufentanil, and insulin. The drug classes include, but are 
not limited to, androgen, non-Steroidal anti-inflammatory 
agents, anti-hypertensive agents, analgesic agents, anti-de 
preSSants, anti-cancer agents, anti-diabetic agents, Steroids, 
anti-migraine agents, anti-asthma agents, and agents for 
Smoking cessation. 
0128. It is, of course, understood that the heating devices 
discussed above could be replaced by an infrared heating 
device with a feedback mechanism. All of the controls and 
variations in controls discussed above would apply to Such 
an infrared heating device. The advantage of infrared radia 
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tion over Simple heat is that the former, with proper wave 
lengths, penetrates deeper into a patient's skin. 
0129. Another aspect of the present invention is to use 
heat and other physical means, Such as ultrasound, micro 
wave, electric current, and vibration, to improve absorption 
of drugs from depot/storage Sites. Such depot/storage Sites 
may exist as a result of a drug administered from a dermal 
patch or a drug directly injected or implanted under the skin 
Surface. 

0.130. The kind of formulations that may respond to the 
physical inducing means discussed above are: 

Ultrasound: particles containing drug formulation that can break down 
in size when treated with ultrasound. 
drugs that have limited solubility in surrounding body fluid, 
but the solubility increases significantly with increasing 
temperature; and solid formulations whose erosion/de 
gradation speed can be significantly increased by increasing 
flow/exchange of body fluid surrounding it. 
drugs that exist in ionized form in the formulations and/or 
surrounding body fluid. 
drugs that have limited solubility in body fluid; solid formu 
lations whose erosion/degradation speed can be signifi 
cantly increased by increasing flow/exchange of body fluid 
surrounding it. 

Microwave: 

Electricity: 

Vibration: 

EXAMPLE 1.5 

0131 One example of enhanced depot site absorption 
using the embodiment of the present invention illustrated in 
FIGS. 1 and 2 for administering analgesic material for pain 
relief consists of a patient or care giver placing the DDDS, 
such as a fentanyl-containing DDDS, on the skin of the 
patient at a first location. After Sufficient depletion of the 
drug in the DDDS, the DDDS is removed and a second 
DDDS is placed on the skin of the patient at a second 
location to continue drug delivery. If an episode of break 
through pain occurs, the temperature control apparatus 100 
can be applied directly to the patient's skin 134 at the first 
location (the DDDS is no longer present), as shown in FIG. 
25. The heat from the temperature control device 100 
increases the Speed of drug release from the depot Site 252 
in the first skin site and the tissues thereunder to give an 
increased drug absorption into the Systemic circulation 254 
to treat the breakthrough pain. 

EXAMPLE 16 

0132) An example of Storage site absorption using the 
embodiment of the present invention illustrated in FIGS. 1 
and 2 consists of a patient or care giver introducing an 
extended release insulin into his skin by injection or other 
method Such as ultrasound speed hitting (such as products 
similar to those developed by Powderject Pharmaceutical, 
United Kingdom). In the extended release insulin formula 
tion, most of the insulin molecules are in crystalline form. 
After injection, insulin is released from the crystalline from 
Slowly as the crystals slowly dissolve in the Surrounding 
body fluid. This provides a baseline insulin release into the 
Systemic circulation. However, the patient needs additional 
insulin above the baseline release to Suppress Sugar from 
meals. Thus, before each meal the patient places a tempera 
ture control apparatus 100, preferably designed to control 
heat for a pre-determined time (i.e., between about 15 and 60 
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minutes), onto the skin over the injection site where the 
injected extended release insulin formulation resides. The 
heat from the temperature control apparatus 100 increases 
flow of the blood and another body fluid in the tissues 
Surrounding the extended insulin formulation, which 
increases the dissolution Speed of the insulin and carries the 
insulin into the Systemic circulation at higher rate. The 
heating duration of the temperature control device 100 is, 
preferably, designed to last just long enough to release the 
adequate amount of extra insulin to deal with the Sugar from 
the meal. Thus, the patient receives proper insulin absorp 
tion adjustment from the extended release formulation, and 
does not have to make a choice between taking additional 
insulin Shots before meals or Suffer the physiological con 
Sequences caused by high blood Sugar from the meals. 

EXAMPLE 1.7 

0.133 Another example of storage site absorption using 
the embodiment of the present invention illustrated in FIGS. 
1 and 2 consists of a patient or care giver injecting a drug 
mixed in controlled release particles under the Skin Surface. 
By way of example, a controlled release formulation of 
analgesics may comprise an analgesic, Such as Sufentanil, 
alfentanil, remifentanil, and morphine, which is incorpo 
rated into a controlled release drug delivery system (Such as 
AtrigelTM by Atrix Laboratories, Inc., Fort Collins, Colo., 
USA) comprising a biodegradable, biocompatible poly 
mer(s) i.e., poly(DL-lactide), poly(DL-lactide-co-gly 
collide), poly(DL-lactide-co-e-caprolactone), polycaprolac 
tone, or a combination thereof in a biodegradable solvent 
(i.e., N-methyl-2-pyrrollidone). The controlled release for 
mulation is generally injected into a patient within 3 cm, 
preferably within 1 cm, and most preferably 0.3 cm, from 
the skin to control his cancer pain. 
0134. It is understood that any homopolymer or copoly 
mer of lactic and glycolic acid can be utilized. The lactic/ 
glycolic acid polymers are Solids, wherein the drug and 
polymers are both dissolved in a biodegradable Solvent. 
After the injection, the biodegradable solvent diffuses out 
leaving behind the polymer(s) in the form of precipitated, 
biodegradable particles, which holds most of the Sufentanil. 
AS the polymer particles gradually erodes/degrades, the 
Sufentanil is released into the Systemic circulation to treat 
the cancer pain. The release rate of Sufentanil is determined 
by how quickly the polymer particles erodes/degrades in the 
body. 

0135 The active drug may also be incorporated and 
delivered into the Storage Site using different methods, Such 
as mixing the drug with the biodegradable, biocompatible 
polymer(s) in a Solvent, evaporating the Solvent to obtain 
polymer particles mixed with the active drug. The Size of the 
drug containing polymer particles should be, Small enough 
to be incorporated (not dissolved) into a Suspension in a 
liquid (preferably an aqueous liquid). The Suspension is 
injected into the patient's tissue proximate the Skin Surface. 
The liquid quickly leaves the depot Site, leaving behind a 
polymer implant containing the active drug. The release of 
active drug from the polymer implant can be increased in the 
manner described above. 

0.136 Regardless of the implantation method, the normal 
release rate of Sufentanil is usually Sufficient to treat the 
patients baseline cancer pain, but not enough to treat break 

Nov. 27, 2003 

through pain. When the patient feels a breakthrough pain is 
coming, he places a temperature control apparatus 100 over 
the skin site under which the formulation was injected. The 
increased blood/body fluid flow caused by the heat increases 
the erosion/degradation Speed of the polymer particles and 
hence the speed of release of Sufentanil. When the break 
through pain is over, the patient stops the heating (Such as by 
removing the heating patch or covering the holes 114 on the 
top wall 104-see FIG.2) and the polymer particle erosion/ 
degradation Speed gradually returns to normal which returns 
the Sufentanil release rate back to a normal, pre-heated rate. 

EXAMPLE 1.8 

0.137 The effects of heating on the release of a drug 
incorporated in a biocompatible, biodegradable polymer 
matrix were examined. An anesthetic (i.e., lidocaine) was 
incorporated into the polymer matrix (i.e., lactide/glycolide 
polymer) to form an anesthetic drug/polymer composition. 
The anesthetic drug/polymer composition may be used for 
injecting/planting under the Skin of a patient, wherein the 
drug is gradually released into the body as the polymer 
matrix slowly erodes in the body. 
0.138. The anesthetic drug/polymer composition was 
made by dissolving one tenth of one gram of lactide/ 
glycolide polymer (Medisorb Grade 851 5DL, Medisorb 
Technologies International, L.P., Cincinnati, Ohio, USA) 
and 0.1 gram of lidocaine base in 2 grams of acetone to form 
a Solution. Approximately 5 mL of water (pH adjusted to 
above 8) was slowly added into the solution while the 
Solution was stirred by a rapidly rotating Teflon coated 
magnetic bar. A Medisorb-lidocaine mixture precipitated out 
as a textured material attached on the magnetic bar and as 
fine particles Suspended in the Solution. Approximately 0.5 
mL of the Solution containing the fine particles were injected 
into a 0.2 micrometer PTFE filter (Nalgene, 25 mm). Normal 
saline was infused through the filter via a 3MTM 3000 
Modular Infusion Pump at a rate of 2 ml/hr for approxi 
mately 7 days. This was to wash away the lidocaine that was 
not incorporated in to the Medisorb matrix and particles 
Smaller than 0.2 micrometer, while lidocaine-polymer par 
ticles bigger than 0.2 micrometer were trapped in the filter. 
The particles Slowly degraded due to hydrolysis and thus 
gradually releases licocaine to the Saline passing through the 
filter. 

0.139. A blunt needle was tightly attached to the exit end 
of the filter, and a thin plastic tube was attached to the blunt 
needle. Filtered solution from the distal end of the thin 
plastic tube was collected according the following Steps: 

Step 1: Filter at room temperature (about 24 C.) and collect the filtered 
solution into a glass vial for approximately 1 hour. 
Immerse the filter into a 36 C. (approximate) water bath, wait 
approximately 1 hour, and collect the filtered solution from the 
thin tube for approximately 1 hour. 

Step 3: Increase the temperature of the water bath to about 44 C., wait 
approximately 1 hour, and collect the filtered solution for 
approximately 1 hour. 
Take the filter out of the water bath and leave at room tempera 
ture (about 24 C.) for approximately 0.5 hours, collect the 
filter solution for approximately 1 hour. 

Step 5: Repeat Step 4 after approximately 2 hours. 

Step 2: 

Step 4: 

0140 Saline was infused through the filter at the 2 
mL/hour rate for the entire experiment. The Solution coming 
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out of the thin plastic tub during non-collecting time were 
discarded. Concentrations of lidocaine in above collected 
solutions were determined by an HPLC (High Performance 
Liquid Chromatography) method. 
0141 Lidocaine release rates from the polymer matrix at 
different temperatures were calculated from lidocaine con 
centrations in the collected Samples. The release rates are 
shown in Table E, as follows: 

TABLE E 

Lidocaine Release Rate 
Step Temperature (mcg/hour) 

1. 24 C. O.36 
2 36 C. O.61 
3 44 C. 1.59 
4 24 C. O.47 
5 24 C. O.38 

0142. As the results demonstrate, the lidocaine release 
rate increased when temperature at the filter (and hence the 
temperature of the lidocaine-polymer particles) was 
increased, and decreased when the temperature was 
decreased. Although the filter temperature in StepS 4 and 5 
were the same, the lidocaine release rate in Step 5 was lower 
than that in Step 4, and approaches that in Step 1. 
0143 Although the total quantities of Medisorb and 
lidocaine in the filter were not measured, the relative dif 
ferences in the lidocaine release rates at different tempera 
tures demonstrate that lidocaine release rate from Medisorb 
polymer increases with temperature. The finding that 
lidocaine release rate in Step 5 was lower than that in Step 
4 Suggest that the release rate decreases gradually after the 
temperature is lowered. 
0144. Since the degradation (hydrolysis) of Medisorb 
polymer is believed to control the release rates, these results 
Suggest that Medisorb polymer degradation rate increases 
with increasing temperature. This Suggests that the release 
rate of any drug incorporated in the Medisorb matrix (or 
other similar materials) and injected into the body can be 
increased by increasing temperature. In addition to increas 
ing hydrolysis rate of the Medisorb-lidocaine particles, heat 
is also expected to increase the flow of body fluid surround 
ing the particles in the Storage Site in actual application, 
which should cause an additional increase in the drug 
absorption rate. 
0145 Another experiment was conducted on the Medis 
orb (same type as discussed above). A first sample of the 
Medisorb (transparent beads) weighing 0.1024 grams was 
placed in a first glass vial with 9.9024 grams of 0.9% sodium 
chloride injection Solution. The first glass vial was Sealed 
with parafilm and placed in an oven which maintained a 
temperature of about 43 C. A second sample of the Med 
isorb weighing 0.1028 grams was placed in a Second glass 
vial with 9.9167 grams of 0.9% sodium chloride injection 
Solution. The Second glass vial was Sealed with parafilm and 
placed in a room with a temperature of about 23 C. 
0146). After 29 days, few visible change had occurred to 
the Medisorb held at room temperature (Second sample). 
However, the Medisorb held at about 43 C. changed from 
a transparent material to a milky-white color with Smoothed 
edgeS. The Medisorb beads also appeared Smaller than the 
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original size. This simple experiment demonstrates that the 
degradation rate of the Medisorb polymer increases with 
increasing temperature. 

EXAMPLE 1.9 

0147 Still another example of storage site absorption 
using the embodiment of the present invention illustrated in 
FIGS. 1 and 2 consists of a patient or care giver implanting 
a Solid piece (i.e., plate, rod, or the like) made of a biocom 
patible, bioerodable material(s), Such as listed in Example 
16, under the Skin Surface. By way of example, insulin can 
be incorporated into Such a material. The insulin-containing 
Solid piece is implanted into a diabetic patient in a position 
within 3 cm, preferably within 1 cm, and most preferably 
within 0.3 cm, from the skin. The insulin release rate from 
the Solid piece is designed to be Sufficient to provide the 
baseline insulin need for extended period of time (e.g., a few 
months). Before each meal, the patient places the tempera 
ture control apparatus 100, preferably with a pre-determined 
heating duration, on to the skin Site under which the Solid 
piece resides. The heat from the temperature control appa 
ratus 100 increases the flow of blood or other body fluid 
Surrounding the Solid piece, thus increases the erosion/ 
degradation of the Solid piece and delivers extra insulin to 
the Systemic circulation to Suppress the Sugar from the 
meals. After the pre-determined duration of temperature 
control apparatus 100 is over or after the patient discontin 
ues the heating from the temperature control apparatus 100, 
the erosion/degradation rate of the Solid piece gradually 
returns to normal, as does the insulin release rate. 
0.148. Furthermore, such a system can be used with 
testosterone in a Solid piece which implanted in the patient's 
skin. Preferably, the temperature control apparatus 100 is 
designed to last Substantially longer (i.e., approximately 
6-10 hours). The patent applies the temperature control 
apparatus 100 on the skin site under which the solid piece 
resides to obtain increased testosterone levels in the blood in 
the period from morning to evening when testosterone is 
most needed. 

0149. Although only a small number of drugs have been 
disclosed in Examples 13-18, any drug used in a treatment 
that fits the following description may potentially benefit 
from the methods: 1) the treatment requires that the drug 
have a baseline deliver rate over long treatment duration 
(Such as longer than a day, preferably over a week), and 2) 
the treatment requires the drug to have increased delivery 
rates for a period or periods of time during the long 
treatment duration. A variety of drugs and drug classes can 
be utilized with Such treatments. The drugs include, but are 
not limited to, nicotine, testosterone, estradiol, nitroglycerin, 
clonidine, dexamethasone, tetracaine, lidocaine, fentanyl, 
Sufentanil, progestrone, insulin, prilocaine, bupivacaine, 
Sumatriptan, and dihydroergotamine. The drug classes 
include, but are not limited to, androgen, estrogen, non 
Steroidal anti-inflammatory agents, anti-hypertensive 
agents, analgesic agents, anti-depressants, antibiotics, anti 
cancer agents, local anesthetics, antiemetics, anti-infectants, 
contraceptives, anti-diabetic agents, Steroids, anti-allergy 
agents, anti-migraine agents, agents for Smoking cessation, 
anti-asthma agents, and anti-obesity agents. 

EXAMPLE 2.0 

0150 Still yet another example of storage site absorption 
using the embodiment of the present invention illustrated in 



US 2003/0219470 A1 

FIGS. 1 and 2 consists of a patient or care giver imbedding 
a drug into the depot Site. By way of example, a care giver 
can embed an anti-migraine drug, Such as a powder form of 
dihydroergotamine, Sumatriptan, or ergotamine, by hitting 
the drug into a depot site under the skin at high speed (Such 
as by a device manufactured by Powderject Pharmaceutical, 
United Kingdom) when a patient feels an episode of 
migraine headache is imminent. With the Powderjet device, 
the drug powder is accelerated to a speed higher than the 
Speed of Sound and hit into the skin. A temperature control 
apparatus 100, preferably lasting approximately 1 hour, is 
immediately applied on the skin over the location of the 
embedded drug. The heat from the temperature control 
apparatus 100 increases the speed of the body fluid flow 
Surrounding the anti-migraine drug and carries the anti 
migraine drug into the Systemic circulation faster. AS a 
result, therapeutical blood concentrations of the anti-mi 
graine drug is reached earlier and in time to treat the 
migraine headache. 
0151. This technique may also be used to deliver a 
preventative baseline release rate of a drug, Such as anti 
migraine drug or nitroglycerine. A heating patch is then 
applied to release extra drug when a medical episode begins. 
0152. It is, of course, understood that the heating devices 
discussed above could be replaced by an infrared heating 
device or a microwave heating device with a feedback 
mechanism. All the controls and variations in controls 
discussed above would apply to Such devices. 

EXAMPLE 21 

0153 Ultrasound can be used to increase release rate of 
injected controlled release drug formulations, particularly, 
when the controlled release formulations are in the form of 
relatively large particles (i.e., 25 um or larger). The con 
trolled release formulation is injected into the patient's 
tissues within 3 cm, preferably within 1 cm, and most 
preferably 0.3 cm from the skin. The erosion/degradation 
rate of the particles determines the rate of release of the drug, 
and the Steady State release rate of the drug is designed to 
deliver a therapeutical level of drug to the patient. For 
analgesic drugs, the Steady State release rate is usually 
Slightly below that needed to treat an average perSon's 
post-operative pain. For a particular patient in whom the 
Steady State release rate is not Sufficient (because of his 
pharmacokinetics and/or level of pain), an ultrasound is 
directed into formulation and breaks the particles into 
Smaller ones (this requires that the particles are capable of 
being broken by ultrasound). 
0154) This increases the surface area of the formulation 
exposed to the Surrounding body fluid, and hence increases 
the release rate for the rest of the administration. This 
method allows the administration of a low release rate 
formulation which is Safe, and then increasing the release 
rate for patients who need higher delivery rates. The inten 
sity, frequencies, and duration of ultrasound can be chosen 
to increase the release rate to proper levels. Exemplary 
ultrasound treatment and devices can be found in U.S. Pat. 
No. 4,948,587 issued Aug. 14, 1998 to Kost et al., hereby 
incorporate herein by reference. 

EXAMPLE 22 

O155 The generation of an electric potential on a portion 
of a patient's body can be used to increase release rate of 
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injected controlled release drug formulations, particularly, 
when the controlled release formulations exist in ionized 
form in the formulations and/or surrounding body fluid. For 
example, when a controlled release insulin is injected into a 
diabetic patient's skin, the normal release rate of insulin 
from this formulation is controlled by the dissolution rate of 
the particles in which insulin resides wherein the normal 
release rate provides an adequate baseline insulin level in the 
patient. As shown in FIG. 26, the patient places a first 
electrode 262 on the skin 134 over the injection site of the 
controlled release insulin formulation 264. A Second elec 
trode 266 is placed on a skin 134 in a position near the 
injection site of the controlled release insulin formulation 
264 (i.e., at least a few centimeters away). Before each meal 
when the patient needs to increase his blood insulin level to 
SuppreSS Sugar from the meal, the patient connects the first 
electrode 262 and the second electrode 266 with wires 268 
and 270, respectively, to an electric current generating 
device 272. The electric current generating device 272 
introduces an electrical potential between the first electrode 
262 and the second electrode 266. Preferably, with the use 
of insulin, the electrical amperage should be in the range of 
between about 0.2 and 4 mA. Because at the physiological 
pH, insulin molecules carry net negative electric charges, the 
first electrode 262 should have a negative charge which 
pushes the negatively charged insulin away from the body 
fluid Surrounding the formulation and into the Systemic 
circulation 254. This makes the insulin release faster. Pref 
erably, the intensity and duration of the current can be 
altered with the electric current generating device 272 to 
deliver the requisite therapeutic amount of extra insulin. 

EXAMPLE 23 

0156 The generation of a vibration over the injection site 
of controlled release drug formulations can be used to 
increase release rate of the formulations, particularly, when 
the controlled release formulations have limited solubility in 
body fluid or with solid formulations whose erosion/degra 
dation Speed can be significantly increased by increasing 
flow/exchange of body fluid surrounding the solid formula 
tion. For example, when a controlled release insulin is 
injected into a diabetic patient's skin, the normal release rate 
of insulin from this formulation is controlled by the erosion/ 
degradation or dissolution rate of the particles in which 
insulin resides wherein the normal release rate provides an 
adequate baseline insulin level in the patient. AS shown in 
FIG. 27, before each meal, the patient places a vibration 
generating device 282 on the skin 134 over the injection site 
of the controlled release insulin formulation 264. The vibra 
tion generating device 282, preferably, delivers vibration of 
between about 20 and 400 Hz. The vibration agitates the 
body fluid (not shown) surrounding the controlled release 
insulin 264 and increases its circulation. As a result, more 
insulin is released from the controlled release insulin for 
mulation 264 to the systemic circulation 254 shortly before 
the meal to Suppress the Sugar from the meal. Preferably, the 
intensity and duration of the vibration can be altered with the 
Vibration generating device 282 to deliver the requisite 
therapeutic amount of extra insulin. 
O157 Although only a few drugs have been disclosed in 
Examples 19-22, any drug used in a treatment that fits the 
following description may potentially benefit from the 
physical methods for inducing increased release: 1) the 
treatment requires that the drug have a baseline deliver rate 
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over long treatment duration (Such as longer than a day, 
preferably over a week), 2) the treatment requires the drug 
to have increased delivery rates for a period or periods of 
time during the long treatment duration, and 3) the formu 
lations respond to the one or more of the physical methods 
for inducing increased release. A variety of drugs and drug 
classes can be utilized with Such treatments. The drugs 
include, but are not limited to, nicotine, testosterone, estra 
diol, nitroglycerin, clonidine, dexamethasone, tetracaine, 
lidocaine, fentanyl, Sufentanil, progestrone, insulin, 
prilocaine, bupivacaine, Sumatriptan, and dihydroergota 
mine. The drug classes include, but are not limited to, 
androgen, estrogen, non-Steroidal anti-inflammatory agents, 
anti-hypertensive agents, analgesic agents, anti-depressants, 
antibiotics, anti-cancer agents, local anesthetics, antiemet 
ics, anti-infectants, contraceptives, anti-diabetic agents, Ste 
roids, anti-allergy agents, anti-migraine agents, and agents 
for Smoking cessation. 

EXAMPLE 24 

0158 Another example of the present invention com 
prises using a temperature control apparatus 300, Similar to 
that shown in FIG. 23, which is capable of heating and 
cooling, Such that the rate of absorption of injected con 
trolled release drug formulation can be increased or 
decreased, as needed. 
0159 For example, when a controlled release drug for 
mulation is injected into a patient's skin, the normal release 
rate of the drug from this formulation is controlled by the 
erosion/degradation rate of the particles in which the drug 
resides wherein the normal release rate provides an adequate 
baseline drug level in the patient. As shown in FIG. 28, if 
the level of the drug in the patient's System requires adjust 
ing, the temperature control apparatuS 300 is placed on the 
skin 134 over the injection site of the controlled release drug 
formulation 302. Heating will result in an increase in drug 
absorption (as previously discussed) and cooling will reduce 
drug absorption to prevent overdose. FIG. 23 illustrates the 
temperature control apparatus 300 as a thermoelectric mod 
ule which is be used for both heating or cooling. The 
temperature control apparatus 300 functions as a Small heat 
pump, wherein a low voltage DC power source 304 provides 
a current in one direction 306 to a thermoelectric unit 310 
which results in heating on a first side 308 (preferably a 
ceramic substrace) of the temperature control apparatus 300 
and cooling on a Second Side 312 (preferably a finned 
dissipation structure) of the temperature control apparatus 
300. If the current direction is reversed, the first side 308 will 
cool and the Second Side will heat. The temperature control 
apparatus 300 may be control with a closed loop temperature 
controller, as shown previously in FIG. 24. 
0160 A variety of drugs and drug classes can be utilized 
with Such treatments. The drugs include, but are not limited 
to, nicotine, nitroglycerin, clonidine, dexamethasone, fenta 
nyl, Sufentanil, and insulin. The drug classes include, but are 
not limited to, androgen, non-Steroidal anti-inflammatory 
agents, anti-hypertensive agents, analgesic agents, anti-de 
preSSants, anti-cancer agents, anti-diabetic agents, Steroids, 
anti-migraine agents, and agents for Smoking cessation. 

EXAMPLE 25 

0.161 Another example of the present invention com 
prises using the temperature control apparatus 300, as shown 
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in FIG. 23, or any device which is capable of cooling the 
skin in conjunction with an injectable liquid drug delivery 
formulation containing thermal gel. 
0162 The main difference between a thermal gel and a 
regular gel is that a thermal gel is a liquid in room tempera 
ture (i.e., about 20-25 C.) and is a gel at body temperature 
(i.e., about 37 C.), whereas, with regular gel, the Viscosity 
of the gel generally lowers with increasing temperature. 
Thus, while the thermal gel is at room temperature (i.e., in 
liquid form), a drug formulation is mixed into the thermal 
gel. The thermal gel/drug mixture may then be easily drawn 
into a Syringe and injected to the patient. Once in the 
patient's body, the thermal gel/drug mixture quickly Solidi 
fies into a gel. The gel then dissolves over time releasing the 
drug formulation into the patient Systemic circulation. 
01.63 Using a cooling device, Such as the temperature 
control apparatus shown in FIG. 23, the thermal gel/drug 
mixture which has solidified under the skin can be cooled to 
revert the gel back into a liquid. In a liquid State, the drug 
formulation diffusion rate and release rate increase, thereby 
increasing the drug formulation present in the patient's 
Systemic circulation when needed. 
0164. An example of a thermal gel is Smart HydrogelTM 
developed by Gel Science/GelMed and consists of an 
entangled network of two randomly grafted polymers. One 
polymer is poly(acrylic acid) which is bioadhesive and 
pH-responsive. The other polymer is a triblock copolymer 
containing poly(propylene oxide) (“PPO”) and poly(ethyl 
ene oxide) (“PEO”) segments in the sequence PEO-PPO 
PEO. 

0.165 An example of using the present invention with a 
thermal gel is the delivery of additional insulin to a diabetic 
patient prior to the intake of food. The thermal gel contain 
ing the insulin can be injected Subcutaneously in order to 
form a gel to release a continuous baseline dosage of insulin. 
At a meal when insulin is needed to absorb extra Sugar in the 
circulation, the patient can apply the cooling device on the 
skin adjacent the injection site and cool the injection site to 
a temperature below the gelling temperature of the thermal 
gel/insulin mixture. The gel will, of course, become a liquid 
and increase the insulin level in the patient's body to 
compensated for the ingested meal. This proceSS can be 
repeated many times until the injected thermal gel/insulin 
mixture is gone. The advantage of this drug delivery System 
is that the diabetic patient can control insulin delivery during 
the course of a few days, even a few weeks, with only one 
injection. 

EXAMPLE 26 

0166 As shown in FIG. 29, an insulating material can be 
incorporated with the controlled temperature apparatus to 
assist in not only minimizing the temperature variation, but 
also increasing the temperature of the DDDS and the skin 
under it (by decreasing heat loss), each of which tend to 
increase dermal drug absorption. 
0.167 FIG. 29 illustrates a configuration similar to that 
illustrated in FIG. 4 wherein the temperature control appa 
ratus 100 of FIG. 2 is attached to the DDDS 120 of FIG. 3. 
The DDDS 120 attached to a portion of the skin 134 of a 
patient. An insulating sleeve 350 abuts the skin 134 and 
encases a Substantial portion of the temperature control 
apparatus 100 and the DDDS 120. 
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0168 FIG. 30 illustrates another insulating sleeve 360 
made of an insulating material, Such as closed-cell foam 
tape, with adhesive edges 362 attached to a patient's skin 
134, slightly larger than and covering a DDDS 364. FIG. 31 
illustrates the insulating sleeve 360 covering a heating 
apparatus 366 and the DDDS 364 attached to a patient's skin 
134. FIG. 32 illustrates the insulating sleeve 360 covering 
an area over the skin 134 where an injected/implanted/ 
controlled/extended release drug formulation 368 has been 
located. 

EXAMPLE 27 

0169. Another application of the present invention 
involves the use of a heating device, Such as discussed 
above, in conjunction with a typical liquid drug injection. 
For Some drugs, increased Speed of absorption into the 
Systemic circulation after they are injected into the body 
may provide treatment to the patients. For instance, to be 
effective, the anti-migraine drug, dihydroergotamine, must 
reach an effective concentration level in the blood Stream 
within a certain amount of time from the onset of the 
migraine attack or the drug will be ineffective. Currently, a 
drugs absorption into the patient's Systemic circulation 
cannot be altered after it is injected. Thus, the controlled 
heating aspect of the present invention can be used to 
increase the absorption speed of Subcutaneously and intra 
muscularly injected drugs. 
0170 For example, after a drug is injected subcutane 
ously or intramuscularly, a heating patch, Such as described 
in the above examples, may be placed on the Skin under 
which the injected drug resides. The heating increases the 
circulation of body fluid Surrounding the injected drug, 
increases the permeability of blood vessel walls in the 
Surrounding tissue, and, thus, results in increased speed of 
absorption of the drug into the Systemic circulation. 
0171 Such a method would be useful for drugs which are 
injected into a part of the body that can be heated by a 
heating means on or outside the skin and whose effect can 
be improved by increased absorption speed into the Systemic 
circulation or deeper tissues. Such drugs may include; 
anti-migraine agents, anti-hypertensive agents, analgesics, 
antiemetics, cardiovascular agents. Specific drugs may 
include dihydroergotamine, ergotamine, Sumatriptan, riza 
triptan, Zolmitriptan, and other Selective 5-hydrox 
ytryptamine receptor Subtype agonists, morphine and other 
narcotic agents, atropine, nitroglycerin, fentanyl, Sufentanil, 
alfentanil, and meperidine. 
0172 Since increased absorption speed into the systemic 
circulation usually can cause higher peak concentrations in 
the blood, this technology may also be used to increase peak 
blood concentrations of drugs that are injected Subcutane 
ously and intramuscularly. 
0173 Some drugs need to be injected intravenously 
because Systemic absorption for Subcutaneous and intramus 
cular injections take too long to take effect. However, 
intravenous injection is more difficult to perform and 
involves more risks. With the use of the present invention, 
the absorption Speed of Some drugs may be increased 
enough So that Subcutaneous or intramuscular injection can 
provide sufficient speed of absorption. Therefore, this tech 
nology may also be used for replacing intravenous injections 
with Subcutaneous or intramuscular injections for Some 
drugs. 

Nov. 27, 2003 

0.174 As a specific example, a patient may inject himself 
with Sumatriptan or dihydroergotamine Subcutaneously after 
he feels a migraine attack. He then removes a heating patch 
containing a heat generating medium comprising iron pow 
der, activated carbon, water, Sodium chloride, and Sawdust 
(similar to Example 1) out of its air-tight container and 
places it over the injection Site. The heating patch quickly 
increases the temperature of the Skin under the heating patch 
into a narrow range of 39-43 C. and maintains it there for 
at least 15 minutes. The circulation speed of the body fluid 
Surrounding the injected drug and the permeability of the 
blood vessels in the Surrounding tissues are both increased 
by the heating. As a result, the drug enters the Systemic 
circulation and reaches the acting site more rapidly, and the 
patient receives more rapid and/or better control of the 
migraine attack. 
0.175. In another example, a nurse can inject morphine 
into a patient's muscle tissue to treat Severe pain. The nurse 
then places a heating patch, as describe above, over the 
injection site. The Speed of morphine absorption into the 
Systemic circulation is increased as previously discussed. AS 
a result, the patient receives more rapid and/or better pan 
control. 

EXAMPLE 28 

0176 Another application of the present invention 
involves the use of a heating device, Such as discussed 
above, to mimic circadian patterns. For example, testoster 
one or its derivatives, Such as testosterone enanthate and 
testosterone cypionate, can be injected intramuscularly into 
men to Substitute or replace diminished or absent natural 
testicular hormone. Testosterone enanthate and testosterone 
cypionate are preferred over testosterone, as they have 
longer duration of action than testosterone. However, it is 
understood that testosterone or its derivative, Such a test 
osterone ester, may be incorporated into a controlled release 
polymer matrix, Such as homopolymer or copolymer of 
lactic and glycolic acid, preferably poly(DL-lactide), 
poly(DL-lactide-co-glycolide), and poly(DL-lactide-co-(- 
caprolactone)), to increase the duration of action. Following 
intramuscular injection, testosterone enanthate is absorbed 
gradually from the lipid tissue phase at the injection Site to 
provide a duration of action of up to 2-4 weeks. However, 
natural blood testosterone concentrations in healthy man are 
higher in a day and lower in the night. So blood testosterone 
concentrations obtained from injected testosterone deriva 
tives do not mimicking the natural circadian pattern. 
0177. By way of example, a patient can inject testoster 
one enanthate either Subcutaneously or intramuscularly (if 
intramuscularly, the injection should be relatively close to 
the skin Surface). The patient then places a heating patch on 
the injection site every morning (until all the injected 
testosterone enanthate is depleted). The heating patch 
quickly increases the temperature of the injection site to a 
narrow range, and maintains it therefore a desirable duration 
of time (i.e., about 8 hours). They heating causes increased 
release of testosterone enanthate and/or increased rate of 
conversion from testosterone enanthate to testosterone, and, 
thus, higher blood testosterone concentrations. The “used 
up” patch is removed before a new heating patch is placed 
on the Same. Using this intermittent heat application tech 
nique, blood testosterone concentrations are low in the night 
and high in the day, thus mimicking the natural circadian 
pattern. 
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0.178 Having thus described in detail preferred embodi 
ments of the present invention, it is to be understood that the 
invention defined by the appended claims is not to be limited 
by particular details Set forth in the above description as 
many apparent variations thereof are possible without 
departing from the Spirit or Scope thereof. 
What is claimed is: 

1. A method for facilitating the absorption of a pharma 
ceutical through human Skin comprising the Steps of 

administering a pharmaceutical through a portion of skin, 
and 

placing an exothermic heating means proximate Said 
portion of skin to increase the temperature on and 
around Said portion of skin by heating to within a Safe, 
pre-designed, narrow temperature range for a Safe, 
pre-designed length of time, Said eXothermic heating 
means comprising a predetermined amount of iron 
powder and water disposed in a chamber. 

2. A method as in claim 1, wherein Said Step of placing an 
exothermic heating means proximate Said portion of skin 
increases the Solubility of Said pharmaceutical in Said for 
mulation to increase transdermal absorption of Said phar 
maceutical. 

3. The method as in claim 1, wherein Said pharmaceutical 
is delivered by a dermal drug delivery System. 

4. The method of claim 1, wherein Said Step of placing an 
exothermic heating means proximate Said portion of skin 
boosts the absorption of Said pharmaceutical from a dermal 
drug delivery system. 

5. The method of claim 1, wherein Said Step of placing an 
exothermic heating means proximate Said portion of skin 
increases the Speed of release of Said pharmaceutical from a 
dermal drug delivery System. 

6. The method of claim 1, wherein Said Safe, pre-designed 
length of time is Sufficient to cause an increase in the 
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quantity of Said pharmaceutical transported from the dermal 
drug delivery System into a targeted Site in a patient's body 
within the first four hours of heating. 

7. The method of claim 1, wherein Said Safe, pre-designed 
length of time is sufficient to cause less than about a 90% 
increase in the transport of an active ingredient from Said 
pharmaceutical. 

8. The method of claim 1, wherein said heating said 
membrane increases the absorption of Said pharmaceutical. 

9. The method of claim 1, wherein said skin and Sur 
rounding tissues are heated to a temperature range between 
about 37 to 50 centigrade. 

10. The method of claim 1, wherein the pharmaceutical 
has a Solubility that can be increased by increasing the 
temperature of Said pharmaceutical to within a range of 
about 37 to about 50 centigrade. 

11. The method of claim 1, wherein the pharmaceuticals 
absorption into Skin is limited by a rate limiting membrane 
in a dermal drug delivery System. 

12. The method of claim 1, wherein the step of adminis 
tering a pharmaceutical comprises applying a dermal drug 
delivery System on human skin to deliver Said pharmaceu 
tical to a storage Site within the Skin and Surrounding tissues, 
for Subsequent delivery of Said pharmaceutical from the 
Storage Site into Systemic circulation. 

13. The method of claim 1 wherein said step of admin 
istering Said pharmaceutical comprises disposing Said phar 
maceutical within at least one Storage Site in a patient's skin 
and said heating controls the speed transport of Said phar 
maceutical from Said Storage Site. 

14. The method of claim 13, wherein said heating 
increases the temperature of Storage Sites. 


