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(57) ABSTRACT 

A device and method for enhancing skin piercing by micro 
protrusions involves pre-stretching the skin to enhance path 
Way formation When the microprotrusions are pressed into 
the skin. An expandable device includes skin engaging 
opposite ends that contact the skin surface so that When the 
device is expanded the skin is stretched. The skin is placed 
under a tension of about 0.01 to about 10 megapascals, 
preferably about 0.05 to 2 megapascals. The device has a 
plurality of microprotrusions Which penetrate the skin While 
the skin is being stretched by the expanded device. Another 
stretching device employs suction for skin stretching. 
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DEVICE AND METHOD FOR ENHANCING SKIN 
PIERCING BY MICROPROTRUSIONS 

TECHNICAL FIELD 

[0001] The present invention relates to transdermal agent 
delivery and more particularly, to the transdermal delivery of 
macromolecular agents such as polypeptides, proteins, oli 
gonucleotides and polysaccharides. The present invention 
relates to devices Which have microprotrusions to pierce the 
outermost layer of a body surface (e.g., the skin) to enhance 
the transdermal ?uX of the agents during transdermal deliv 
ery. 

BACKGROUND ART 

[0002] Interest in the percutaneous or transdermal delivery 
of peptides, proteins, and other macromolecules, such as 
oligonucleotides, to the human body continues to groW With 
the increasing number of medically useful peptides and 
proteins becoming available in large quantities and pure 
form. The transdermal delivery of peptides and proteins still 
faces signi?cant problems. In many instances, the rate of 
delivery or ?uX of polypeptides through the skin is insuf? 
cient to produce a desired therapeutic effect due to the loW 
transdermal permeability coef?cient of macromolecules and 
the binding of the polypeptides to the skin. In addition, 
polypeptides and proteins are easily degraded during and 
after penetration into the skin, prior to reaching target cells. 
Likewise, the passive transderrnal ?ux of many loW molecu 
lar Weight compounds is too limited to be therapeutically 
effective. 

[0003] One method of increasing the transdermal delivery 
of agents relies on the application of an electric current 
across the body surface referred to as “electrotrans 
port.”“Electrotransport” refers generally to the passage of a 
bene?cial agent, e.g., a drug or drug precursor, through a 
body surface, such as skin, mucous membranes, nails, and 
the like. The transport of the agent is induced or enhanced 
by the application of an electrical potential, Which results in 
the application of electric current, Which delivers or 
enhances delivery of the agent. The electrotransport of 
agents through a body surface may be attained in various 
manners. One Widely used electrotransport process, ionto 
phoresis involves the electrically induced transport of 
charged ions. Electroosmosis, another type of electrotrans 
port process, involves the movement of a solvent With the 
agent through a membrane under the in?uence of an electric 
?eld. Electroporation, still another type of electrotransport, 
involves the passage of an agent through pores formed by 
applying a high voltage electrical pulse to a membrane. In 
many instances, more than one of these processes may be 
occurring simultaneously to a different eXtent. Accordingly, 
the term “electrotransport” is given herein its broadest 
possible interpretation, to include the electrically induced or 
enhanced transport of at least one charged or uncharged 
agent, or miXtures thereof, regardless of the speci?c mecha 
nism or mechanisms by Which the agent is actually being 
transported. Electrotransport delivery generally increases 
agent delivery and reduces polypeptide degradation during 
transderrnal delivery. 

[0004] Another method of increasing the agent ?uX 
involves pre-treating the skin With, or co-delivering With the 
bene?cial agent, a skin permeation enhancer. A permeation 
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enhancer substance, When applied to a body surface through 
Which the agent is delivered, enhances its ?uX therethrough 
such as by increasing the permselectivity and/or permeabil 
ity of the body surface, reducing the electrical resistance of 
the body surface to the passage of the agent and/or creating 
hydrophilic pathWays through the body surface in the case of 
transdermal electrotransport delivery, and/or reducing the 
degradation of the agent. 

[0005] There also have been many attempts to mechani 
cally penetrate or disrupt the skin in order to enhance the 
transdermal ?uX. See for eXample, U.S. Pat. Nos. 3,814,097 
issued to Ganderton, et al., US. Pat. No. 5,279,544 issued to 
Gross, et al., U.S. Pat. No. 5,250,023 issued to Lee, et al., 
US. Pat. No. 3,964,482 issued to Gerstel, et al., Reissue 
US. Pat. No. 25,637 issued to KravitZ, et al., and PCT 
Publication Nos. WO 96/37155, WO 96/37256, WO 
96/17648, WO 97/03718, WO 98/11937, WO 98/00193, 
WO 97/48440, WO 97/48441, and WO 97/48442. These 
devices use piercing elements of various shapes and siZes to 
pierce the outermost layer (i.e., the stratum corneum) of the 
skin. The piercing elements disclosed in these references 
generally eXtend perpendicularly from a thin, ?at member, 
such as a pad or sheet. The piercing elements in some of 
these devices are extremely small, some having dimensions 
(i.e., a microblade length and Width) of only about 25-400 
pm and a microblade thickness of only about 5-50 pm. These 
tiny piercing/cutting elements are meant to make corre 
spondingly small microslits/microcuts in the stratum cor 
neum for enhanced transdermal agent delivery therethrough. 

[0006] A limitation on devices having such tiny skin 
penetrating elements is that the elastic properties of the 
patient’s skin 30 alloW the skin to conform around the 
individual skin penetrating elements 32 signi?cantly before 
those elements actually breach the skin as shoWn in FIG. 1. 
In order to overcome this conforming effect and offsetting 
the condition in Which the patient’s skin is slack betWeen the 
penetrating elements 32 as shoWn in FIG. 2, the skin 
penetrating elements are sometimes designed to be four to 
?ve times longer than What is necessary for the desired 
penetration depth. The conformance of the skin around the 
individual skin penetrating elements can also diminish the 
advantage of a sharp tip on each element because the entire 
bottom edge of the skin penetrating element is pushed 
against the skin, as can be seen in FIG. 1. In addition, the 
tissue layers under the stratum corneum can cause uneven 
distribution of the total force applied by alloWing more 
conformance around some microprotrusions than others, 
resulting in several different local pressures across the site. 
As can be seen in FIG. 2, this results in nonuniform 
penetration depth across the site by the individual skin 
penetrating elements Which each penetrate the skin to a 
different depth 35. It is desirable to produce devices for more 
reliable penetration for producing more uniform ?uX of an 
agent being delivered. 

DESCRIPTION OF THE INVENTION 

[0007] The device of the present invention more consis 
tently and reliably penetrates a body surface, e.g., the 
outermost layer of skin, to enhance agent delivery through 
1) greater uniformity of the penetration pattern, 2) deeper 
penetration With the same siZe or smaller microprotrusions, 
and 3) increased siZe of the resulting pathWays. The present 
invention provides enhanced penetration by controlling the 
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effective mechanical properties of the body surface by 
reducing the compliance, i.e., extensibility, of the body 
surface 30. The compliance or extensibility is reduced by 
applying tension at the application site, i.e., stretching the 
skin taut, during penetration of the body surface With skin 
penetrating elements 34 as shoWn in FIG. 3. Applying 
tension to the body surface 30 With the device of the present 
invention reduces the extensibility of the patient’s skin, and 
makes the extensibility more uniform from patient to 
patient, resulting in reproducibility of penetration from site 
to site and application to application. 

[0008] The device of the present invention stretches the 
patient’s skin during penetration by a plurality of micropro 
trusions. As used herein, the term “microprotrusions” refers 
to very tiny skin piercing elements, typically having a length 
of less than 500 pm, a Width of less than 400 pm and a 
thickness of 5 to 100 pm Which make correspondingly siZed 
microcuts/microslits in the skin. Upon piercing through the 
outermost layer (i.e., the stratum corneum) of the skin, the 
microprotrusions form pathWays as shoWn in FIGS. 3 and 
4 through Which an agent such as a drug can be introduced, 
i.e., transdermally delivered. A principal advantage of the 
present invention is that the device ensures uniform pen 
etration, i.e., generates the same siZe and depth pathWays, by 
the microprotrusions across the device. Furthermore, the 
present invention reproducibly provides uniformity in pen 
etration from patient to patient and can form deeper pen 
etrations With shorter microprotrusions. 

[0009] The device of the present invention uses stretching 
elements Which engage the surface of the skin, such as With 
adhesive, and create opposing forces across the surface of 
the skin surface so as to create tension at the skin surface 

betWeen the skin stretching elements. When piercing the 
skin With very tiny microprotrusions, the degree of tension 
under Which the skin is placed becomes much more critical 
compared to skin piercing using substantially larger skin 
piercing elements such as blood draWing lancets. In accor 
dance With the present invention using microprotrusion 
piercing, the skin is placed under a tension in the range of 
about 0.01 to about 10 M Pa, and preferably in the range of 
about 0.05 to about 2 M Pa (M Pa=megapascal=1><106 
pascals). Thus, the skin stretching/tensioning devices 
according to the present invention apply a predetermined 
amount of tension (i.e., stress) in the range from about 0.01 
to about 10 M Pa, and preferably in the range of about 0.05 
to about 2 M Pa. The amount of skin strain resulting from a 
given tension varies betWeen individuals depending upon 
skin characteristics, such as the age of the patient, the 
location on the patient’s body and the tensioning direction. 
Therefore, in order to adapt to individual characteristics and 
improve penetration, the skin tensioning devices according 
to the present invention preferably are designed to provide 
a given tension (stress) rather than a given strain. In general, 
for these stress or tension ranges, the applied skin strain is 
Within about 5 to 60% and most preferably Within about 10 
to 50%. Strain is the amount of skin stretch per unit length 
of skin and is de?ned as the change in length of skin in an 
extended or stretched state divided by the length of skin in 
a non-stretched state. The strain can be expressed math 
ematically by the folloWing equation: 

S train: (Iedt_ noniexo'l'Iniext 

Apr. 21, 2005 

[0010] Wherein: 

[0011] Iext is the length of a sample of skin in a stretched 
state; and 

[0012] 1mmext is the length of the skin sample in a non 
stretched state. 

[0013] With the skin in tension, the skin is less compliant 
and less extensible, resulting in the microprotrusions being 
able to pierce the outermost layer of the skin Without the skin 
conforming around or giving Way to the microprotrusions so 
easily. The stretched skin alloWs nearly complete penetration 
by all of the microprotrusions, so as to produce a substantial 
number of agent pathWays and electrical continuity (if 
electrotransport is used) With the skin for continued and 
reproducible agent ?ux through the skin. With the skin at the 
site of application being held taut by the stretching elements 
the surface of the skin itself is noW exerting more resistance 
to the applied pressure by the points of the microprotrusions. 
This alloWs for more reproducible penetration from patient 
to patient, or from one site to another on a patient, by making 
the underlying characteristics of the tissue layers under the 
stratum corneum less in?uential on penetration as the sur 

face of the skin is exerting resistance to the applied pressure. 

[0014] In one aspect of the invention, the apparatus com 
prises an expandable device With skin engaging portions 
Which in use stretches the patient’s skin, and a skin pen 
etrating device having a plurality of microprotrusions 
adapted to pierce the stratum corneum prior to transdermal 
agent delivery therethrough. One example of a suitable skin 
penetrating device includes a relatively thin, ?exible sheet, 
Which in use is adapted to be placed in substantially parallel 
relation With the body surface to be pierced. The sheet has 
a plurality of microprotrusions extending perpendicularly 
from a body proximal side of the sheet and at least one 
opening therethrough, Which alloWs the agent to pass 
betWeen a reservoir associated With the sheet (and typically 
positioned on the body distal surface of the sheet) and the 
holes or pathWays pierced in the outermost layer of the body 
surface by the microprotrusions. 

[0015] The device of the present invention can be used in 
connection With agent delivery, and in particular, transder 
mal drug delivery. Delivery devices for use With the present 
invention include, but are not limited to, electrotransport 
devices, passive devices, osmotic devices, and pressure 
driven devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Many objects and advantages of the present inven 
tion Will be apparent to those skilled in the art When this 
speci?cation is read in conjunction With the attached draW 
ings, Wherein like reference numerals are applied to like 
elements, and Wherein: 

[0017] FIG. 1 is an enlarged diagrammatic vieW of micro 
protrusions being applied to unstretched skin as Was done in 
the prior art; 

[0018] FIG. 2 is an enlarged diagrammatic vieW of micro 
protrusions after penetrating unstretched skin as Was done in 
the prior art; 

[0019] FIG. 3 is an enlarged diagrammatic vieW of micro 
protrusions being applied to stretched skin in accordance 
With the present invention; 
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[0020] FIG. 4 is an enlarged diagrammatic vieW of micro 
protrusions after penetrating stretched skin in accordance 
With the present invention; 

[0021] FIG. 5 is a perspective vieW of a device in accor 
dance With the present invention; 

[0022] FIGS. 6-8 illustrate operation of the device shoWn 
in FIG. 5; 

[0023] FIG. 9 is an enlarged perspective vieW of a portion 
of the device shoWn in FIGS. 5-8; 

[0024] FIGS. 10-12 illustrate operation of a second device 
in accordance With the present invention; 

[0025] FIGS. 13 and 14 illustrate operation of a third 
device in accordance With the present invention; 

[0026] FIGS. 15 and 16 illustrate operation of a fourth 
device in accordance With the present invention; 

[0027] FIG. 17 is an enlarged perspective vieW of a 
portion of the device shoWn in FIGS. 15 and 16; 

[0028] FIG. 18 is a perspective vieW of a ?fth device in 
accordance With the invention; 

[0029] FIG. 19 illustrates the operation of the device 
shoWn in FIG. 18; 

[0030] FIG. 20 is an enlarged perspective vieW of a 
portion of the device shoWn in FIGS. 18 and 19; 

[0031] FIG. 21 is a schematic side vieW of a sixth device 
in accordance With the present invention; 

[0032] FIG. 22 is a side cross sectional vieW of a seventh 
device in accordance With the present invention; 

[0033] FIG. 23 is a side cross sectional vieW of an eighth 
device in accordance With the present invention; 

[0034] FIG. 24 is an alternate embodiment for the micro 
protrusions of the present invention; 

[0035] FIG. 25 is a graph of tension or force applied 
versus skin strain; 

[0036] FIG. 26 illustrates the effect of skin stretching on 
skin extensibility in humans; 

[0037] FIG. 27 illustrates the effect of skin stretching on 
passive lisinopril ?ux; 

[0038] FIG. 28 illustrates the effect of skin stretching on 
electrically assisted insulin ?ux; 

[0039] FIG. 29 is a section vieW of a microblade array 
having a single roW of blades adapted to be dragged across 
the skin surface; 

[0040] FIG. 30 is a sectional vieW of one of the micro 
blades illustrated in FIG. 29, taking along line 130-130; 

[0041] FIG. 31 is a perspective vieW of one embodiment 
of a hand held device Which incorporates the microblade 
array of FIG. 29; and 

[0042] FIG. 32 is a perspective vieW of the device shoWn 
in FIG. 30 after dragging the microblade array across the 
skin. 
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MODES FOR CARRYING OUT THE 
INVENTION 

[0043] As shoWn in FIGS. 3 and 4, the present invention 
comprises stretching the skin 30 during piercing of the skin 
30 by microprotrusions 34. The stretching constrains the 
skin motion (i.e., conformability) relative to the penetrating 
action of the microprotrusions 34 so as to make the depth of 
penetration 35 by the microprotrusions 34 into the skin 30 
more reliable and uniform. 

[0044] The present invention involves stretching a body 
surface (e.g., skin) just prior to and during piercing With the 
microprotrusions of the aforementioned siZe to create a 
plurality of microcuts/microslits therein. The microcuts/ 
microslits can be formed by any suitable body surface 
penetrating device as the invention is not limited in this 
respect except With respect to the siZe of the microprotru 
sions. Thus, the present invention can be used With many 
knoWn skin piercing or skin cutting microprotrusions, for 
example, those described in US. Pat. Nos. 5,279,544; 3,964, 
482; 5,250,023; Reissue 25,637; 5,312,456 and those dis 
closed in PCT Publication Nos. WO 97/48440, WO 
96/37256, WO 97/03718, WO 98/11937, and WO 98/00193, 
Which are incorporated herein by reference in their entirety. 
One particularly preferred type of microprotrusion device is 
shoWn in FIGS. 9, 17 and 20 and is comprised of a plurality 
of microprotrusions 34 extending outWardly from one sur 
face of a thin, compliant member or sheet 36 With its main 
surface 37 oriented parallel to the patient’s body surface 30. 

[0045] A particularly preferred con?guration for the 
microprotrusion device is illustrated in FIG. 24 and com 
prises a plurality of individual sheet members 36 stacked 
together to form the device 2. Each thin sheet 36 in use is 
oriented perpendicular to the patient’s body surface 30. The 
sheets 36 each have a plurality of microprotrusions 34 in the 
same plane as the sheet 36 and Which extend outWard from 
a body proximal edge 38 of the sheet 36 for penetrating the 
body surface 30. Each of the sheet members 36 has a pair of 
holes 12, 13 through Which bolts 15 are inserted. Spacers 
(e.g., tubes) 17 are positioned betWeen each adjacent pair of 
sheet members 36 to form voids 27 therebetWeen. The 
spaced sheet members 36 are held together as a unit by 
passing the bolts 15 through the sheet members and spacers 
17 and securing nuts 14 on the ends of the bolts, or using 
other knoWn fasteners. The voids 27 can be ?lled With a 
reservoir matrix material (e.g., a gel) adapted to contain the 
bene?cial agent to be delivered. Those skilled in the art Will 
appreciate that spacers 17 having other than tube-like con 
?gurations (e.g., square or rectangular blocks) can also be 
used to provide voids 27 betWeen the agent reservoir 42 (i.e., 
the agent reservoir contained in the voids 27) and the skin. 
Furthermore, more than tWo sets of bolts 15, or other 
fastening pins, may be used to secure the sheet members 36 
and spacers 17 together. 

[0046] In either the FIG. 9 or the FIG. 24 embodiments, 
the sheet members 36 are generally compliant and ?exible 
because of their relatively thin thickness, for example, about 
5 pm to about 100 pm, preferably about 25 pm to about 50 
pm. 

[0047] As used herein, the term “stretching” means apply 
ing a tension in the range of about 0.01 to about 10 M Pa, 
and preferably about 0.05 to about 2 M Pa, to the skin at the 
time of puncturing the skin With the microprotrusions. As 
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used herein, the term “unilateral stretching” means tension 
ing the skin in one direction. As used herein, the term 
“bilateral stretching” means tensioning the skin in tWo 
directions. As used herein, the term “shear puncturing” 
means the microprotrusions are moved parallel to the sur 
face of the skin. As used herein, the term “normal punctur 
ing” means the microprotrusions are moved normal to the 
surface of the skin. As used herein, the term “longitudinal 
shearing” means shear loading that is oriented parallel to the 
direction that the skin is stretched. As used herein, the term 
“transverse shearing” means shear loading that is oriented 
orthogonal to the direction that the skin is stretched. As used 
herein, the term “global puncturing” refers to microprotru 
sions that all move as a single unit rather than relative to one 
another during insertion. As used herein, the term “local 
puncturing” refers to microprotrusions Which move relative 
to one another, usually in opposite directions, during inser 
tion. 

[0048] FIG. 25 illustrates the typical stress-strain curve 
for an in vitro tensile test on excised mammalian skin. In 
phase I there is rapid extension of skin under loW load. In 
phase II there is rapid stiffening of skin folloWed by phase 
III in Which the skin has stiff behavior. If the skin is 
tensioned to a degree that reaches phase IV skin tearing and 
rupture occurs. For effective skin stretching according to the 
present invention, it is desirable to tension to a degree that 
results in phase II or III strain, but not phase IV strain. FIG. 
25 illustrates the typical stress-strain curve for unpierced 
skin, however, the curve may vary somewhat for skin Which 
has been pierced by an array of microprotrusions. 

[0049] The device of the present invention is for use in the 
percutaneous administration of an agent. The terms “sub 
stance”, “agent”, and “drug” can be used interchangeably 
and broadly include physiologically or pharmacologically 
active substances for producing a localiZed or systemic 
effect or effects in mammals, including humans and pri 
mates, avians, valuable domestic household, sport, or farm 
animals, or for administering to laboratory animals such as 
mice, rats, guinea pigs, and the like. 

[0050] The major barrier properties of the skin, such as 
resistance to agent permeation, reside With the outermost 
layer of the skin, i.e., stratum corneum. The inner division, 
i.e., the underlying layers, of the epidermis generally com 
prise three layers commonly identi?ed as stratum granulo 
sum, stratum malpighii, and stratum germinativum. There is 
essentially little or no resistance to transport or to absorption 
of an agent through these layers. Therefore, for enhancing 
transdermal ?ux the microprotrusions used to create path 
Ways in the body surface in accordance With the present 
invention need only penetrate through the stratum corneum 
in order for the agent to be transdermally delivered With little 
or no resistance through the skin. 

[0051] The devices shoWn in FIGS. 5-12 utiliZe micro 
protrusions that pierce the body surface by global, normal 
puncturing. That is, all of the microprotrusions move as a 
single unit normal to the skin during the piercing process. 
With each of these devices, the skin is stretched during 
puncturing, and the load used to puncture is applied normal 
to the skin. The stretching of the skin can be transverse to the 
microprotrusions as shoWn in FIG. 9, or the array of 

microprotrusions can be rotated 90=O such that the stretch 
ing occurs in line With each of the microprotrusions 34 as 
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shoWn in FIG. 8. After penetration by the plurality of 
microprotrusions 34, the skin optionally remains under 
tension created by the skin stretching portions of the devices. 
Most of the embodiments of the present invention utiliZe 
unidirectional stretching of the skin. HoWever, bi-directional 
stretching can be used as Well as shoWn in FIGS. 15-16. In 
addition, impact insertion of the microprotrusions may also 
be employed in any of the embodiments by bringing the 
microprotrusions into contact With the skin at a predeter 
mined impact velocity Which causes the microprotrusions to 
penetrate the skin. 

[0052] The expandable device 100 shoWn in FIGS. 5-8 
uses biasing members 46 and 47 (e.g., springs) housed in 
holloW cylindrical members 48 and 49 to initially stretch the 
body surface, and then biasing members or inclined surfaces 
50 and 51 (FIG. 8) or a combination of both to stretch the 
body surface 30. The expandable device 100 has an adhesive 
on the skin-contacting surface thereof, initially protected by 
a release liner 52 (FIG. 5). Adisposable retainer 54 holds the 
opposite ends 56 and 57 of the device together such that the 
biasing members 46 and 47 located Within the device are in 
compression. The patient removes the release liner 52 and 
applies the device 100 to a portion of the skin surface 30 
such that the adhesive on the skin-contacting surface holds 
the device to the patient’s skin surface 30. Then the dispos 
able retainer 54 is removed from the top of the device 100 
to release the biasing members 46 and 47 Which are in 
compression so that the device 100 expands a predetermined 
distance to stretch the skin in the aforementioned tension 
range. A snap-in cartridge housing 44 having a micropro 
trusion array on a skin-engaging surface and a reservoir 42 
(FIG. 8) therein is then snapped into the elongated opening 
left by the expansion of the device 100 such that the 
protrusions 58 and 59 on each end of the housing 44 lock 
into the indentations 60 and 61. In an optional embodiment 
as illustrated, the ends 62 and 63 of the cartridge housing 44 
form a Wedge to match the inclined surfaces 50 and 51 so 
that When the cartridge is snapped into the expandable 
device 100, the opposite ends 56 and 57 stretch the skin even 
farther. It is also Within the scope of the present invention 
that the surfaces 50 and 51 and ends 62 and 63 are not 
inclined such that the stretching is done only by the biasing 
members 46 and 47. As seen in FIG. 9, the stretching of the 
body surface transverse to the plane of the microprotrusion 
not only helps With the initial penetration but also holds the 
pathWays through the body surface 30 open during delivery 
or sampling. 

[0053] A second embodiment of the invention is illus 
trated in FIGS. 10, 11, and 12. The expandable device 101 
is manually actuated by the patient, but essentially retains 
the same characteristics of operation as described With 
respect to device 100, in that the skin is stretched under a 
predetermined tension in the range of about 0.01 to about 10 
M Pa, and preferably about 0.05 to about 2 M Pa, at the time 
of puncturing and all of the microprotrusions 34 move 
normal to the skin as a single unit during the insertion 
process. With respect to this embodiment, the release liner 
52 is removed to expose the adhesive on the skin-contacting 
surfaces of each of the ends 56 and 57 of the device 101, and 
the device is placed on the patient’s body surface. The 
patient or another person then stretches the skin by spread 
ing apart the ends 56 and 57 of the device as shoWn in FIG. 
11 to a position Which provides a skin tension in the range 
of about 0.01 to about 10 M Pa, and preferably about 0.05 
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to about 2 M Pa, to improve penetration by the micropro 
trusions. The ratcheted sides 64 and 65 on the expandable 
device 101 allow the device to maintain its expanded 
position after the patient or another has removed their hand 
from the device. The snap-in cartridge housing 44 is then 
pressed doWn With a load applied normal to the body surface 
30 as described With respect to device 100, and if the snap-in 
cartridge housing 44 has the optional Wedge shape, then the 
device 101 Will stretch the body surface farther upon inser 
tion of the cartridge housing 44 into the device 101. 

[0054] A third embodiment of the invention is illustrated 
in FIGS. 13 and 14. Device 102 is operated With a rotational 
motion, rather than a translational motion as illustrated in 
devices 100 and 101, in order to move the opposing ends 56, 
57 of the stretching device 102 a predetermined distance 
apart Which achieves a skin tension in the range of about 
0.01 to about 10 M Pa, and preferably about 0.05 to about 
2 M Pa. This embodiment of the invention has the entire 
device 102 as one integral unit, rather than having the agent 
reservoir and microprotrusion array in a separate cartridge 
housing 44. The patient or another person removes the 
release liner 52 from the skin-contacting side of the device 
102 to expose the adhesive on each end of the device, and 
places the device 102 on the patient’s body surface. The 
reservoir housing 44 With the microprotrusion array on the 
underneath side is then rotated, and due to its elliptical 
shape, forces the ends 56 and 57 of the expandable device 
102 apart. The housing 44 is pushed doWn With a load 
applied normal to the body surface to have the micropro 
trusions penetrate the body surface. The housing 44 of the 
device 102 can also be rotated during or after penetration by 
the microprotrusions to shear the body surface cutting 
elongated curved slits. 

[0055] The fourth embodiment of the invention is illus 
trated in FIGS. 15-17. Device 103 utiliZes global, shear 
puncturing rather than the global, normal puncturing 
described With respect to the devices 100, 101 and 102. The 
global, shear puncturing is movement of all of the micro 
protrusions 34 in the plane of the skin 30 as a single unit 
during the insertion process as shoWn in FIG. 17. According 
to this embodiment normal pressure is applied before and/or 
during the movement of the microprotrusions in the plane of 
the skin to perform shear puncturing. 

[0056] In addition to shear puncturing, device 103 pro 
vides bi-directional stretching of the skin. The skin is 
stretched in one direction prior to cartridge housing 44 being 
inserted and in an orthogonal direction When the cartridge 
housing 44 is inserted. As shoWn in FIG. 15, similar to those 
described With respect to device 102, the device 103 is 
manually actuated by the patient or another, and a ratchet 
system along each side 64 and 65 holds the skin in the 
aforementioned tension range for improved skin penetration 
by the microprotrusions. Then a cartridge housing 44 con 
taining the agent reservoir and a microprotrusion array is 
slid into the device 100 as shoWn in FIG. 16 along a 
direction parallel to the direction of the ?rst tensioning. The 
cartridge housing 44 has a Wedge con?guration so that the 
skin is stretched orthogonal to the original tensioning direc 
tion so that the skin is then tensioned along tWo axes. The 
microprotrusion array can be oriented so that the plane of the 
microprotrusions 34 are oriented parallel to the direction that 
the skin is being stretched to provide longitudinal shearing, 
or the plane of each of the microprotrusions 34 can be 
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oriented perpendicular to the direction that the skin is being 
stretched to provide transverse shearing. 

[0057] In some embodiments of the sheet member 36, the 
microprotrusions 34 are angled or slanted in the same 
direction. With this con?guration, the cartridge housing 44 
can be slid along the body surface in the direction of the 
slanted microprotrusions While pressing doWn on the car 
tridge housing to facilitate better penetration against the 
elastic nature of the skin. 

[0058] As one of ordinary skill in the art Will recogniZe, it 
is also Within the scope of the invention that the cartridge 
housing 44 could be pressed doWn normal to the plane of the 
skin With inclined surfaces and ends as described With 
respect to devices 100, 101, and 102, Which Would provide 
bi-directional stretching. In this Way, rather than resulting in 
global, shear puncture as does device 103, it Would result in 
global, normal puncture. 

[0059] As an alternative, the portion of device 103 illus 
trated in FIG. 15 can also be used With the hand held device 
108 illustrated in FIGS. 29-32. The device 108 can be used 
to form a plurality of elongated microslits through at least 
the stratum corneum layer of the portion of the skin held in 
tension by device 103. In this alternative embodiment, the 
cartridge housing 44 (FIG. 15) does not have a micropro 
trusion array on its skin-contacting surface. Device 108 
(FIGS. 29-30) is comprised of a head 120 and a handle 122. 
Mounted in the head 120 is a microprotrusion array 124 
Which is illustrated in greater detail in FIG. 29. The micro 
protrsion array 124 is comprised of a plurality of micropro 
trusions 126 mounted in a plastic member 128. Member 128 
has a length substantially greater than its Width as best 
shoWn in FIGS. 31 and 32 such that the microprotrusions 
126 comprise a single roW of mircroprotrusions arranged 
similarly to the tines on a rake. The microprotrusions 126 are 
preferably formed of a metal and are mounted in the plastic 
member 128 using knoWn micromolding techniques. Alter 
natively, the member 128 and the microprotrusions 126 can 
be one and the same member. For example, the member 128 
can be a thin (e.g., 0.03 mm) metal plate having micropro 
trusions 126 Which are photochemically etched and punched 
as in the processes used to make the microprotrusion arrays 
shoWn in FIGS. 9, 17 and 20. The shape of the micropro 
trusions 126 is not important, although a particularly pre 
ferred shape and microprotrsion cross-sectional shape are 
shoWn in FIGS. 29 and 30, respectively. In operation, the 
head 120 of device 108 is placed on the surface of skin 30. 
As mentioned above, the skin is in a prestretched condition. 
Thus, for example, the skin can be that portion of the skin 
30 Which is located in the center of device 103 shoWn in 
FIG. 15. The device 108 is then pulled across the surface of 
the skin in the direction of the arroWs shoWn in FIGS. 29 
and 31. This movement causes the microprotrusions 126 to 
cut through the skin forming a plurality of slits 134 therein. 
The depth of microprotusion 126 penetration can be con 
trolled by the length of the microprotrusions 126 Which 
typically ranges from 50 to 400 pm. The depth of the 
microprotrusion 126 cut is controlled by the skin contacting 
face 132 of member 128 Which slides across the surface of 
skin 30 during the formation of the slits 134. 

[0060] A?fth embodiment of the invention is illustrated in 
FIGS. 18-20. The device 104 provides local, shear punc 
turing. That is, the microprotrusions 34, or small sets of 
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microprotrusions on a plurality of adjacent sheet members 
36A and 36B, move in the plane of the skin relative to one 
another in opposite directions during the insertion process as 
shoWn in FIG. 20. The expandable device 104 operates and 
is constructed essentially the same as device 100. The device 
104 initially has biasing members (e.g., springs) 46 and 47 
in compression Which are held in place by a disposable 
retainer 54. HoWever, device 104 does differ from device 
100 With respect to the microprotrusion array. Device 104 
has a plurality of alternating sheet members 36A and 36B 
sheet members 36A are attached to end 56 of an internal 
expanding assembly 66 Which sits in elongated track 68 of 
the device. Sheet members 36B are attached to the opposite 
end 57 of the internal expanding assembly 66. Thus, as 
assembly 66 is caused to expand due to the biasing members 
46 and 47 being released from their compressed state, the 
alternating sheet members 36A and 36B are pulled over the 
skin in opposite directions. The device 104 is shoWn par 
tially in phantom vieW to shoW the internal expanding 
assembly and elongated track 68 more clearly. In addition, 
the microprotrusion array is already in place in the device 
104 prior to removing the disposable retainer 54 rather than 
being inserted after the stretching. As a result, When the 
release liner (not shoWn in FIGS. 18 and 19) is removed 
from the bottom of the device 104, and the device is adhered 
to the patient’s body surface 30, each of the microprotru 
sions 34 comes into contact With the patient’s skin prior to 
stretching and continues to contact the skin during stretch 
ing. HoWever, due to the elasticity and compliance of the 
patient’s skin, many of the microprotrusions do not puncture 
or penetrate the body surface initially. Penetration by the 
microprotrusions does not occur until after the disposable 
retainer 54 is removed, the skin is stretched a predetermined 
distance by the ends 56 and 57 of the internal expanding 
assembly 66 being moved apart by the biasing members 46 
and 47, thereby placing the skin under tension in the 
aforementioned tension range. A force is preferably applied 
(e. g., by ?nger pressure) to the skin distal side of device 104, 
in a direction With a component Which is normal to the skin 
surface so as to force the device 104 against the skin as the 
skin is being stretched. While the microprotrusions 34 are 
penetrating the body surface, further separation of the ends 
56 and 57 results in the microprotrusions 34 on the sheet 
members 36A being moved in opposite direction from the 
microprotrusions 34 on the adjacent sheet members 36B, so 
as to cause the microprotrusions to shear the body surface as 
shoWn in FIG. 20. As one of ordinary skill in the art Will 
appreciate, device 104 can be modi?ed to include alternate 
(i.e., as an alternative to the disposable retainer 54 and 
compressed biasing members 46 and 47 of device 104) skin 
stretching means, such as the ratcheted sides 64, 65 of device 
101, the rotatable housing 44 of device 102 or the ratcheted 
sides 64, 65 in combination With the Wedge-shaped housing 
44 of device 103. 

[0061] A sixth embodiment of the invention is illustrated 
in FIG. 21. The device 105 utiliZes rotational members 70 
for skin stretching. The skin stretching device 105 includes 
an upper housing 72 having tWo or more rotational skin 
stretching members 70 pivotally mounted thereon. A loWer 
housing 74 containing the agent to be delivered is positioned 
on a loWer surface of the upper housing 72. The loWer 
housing 74 is provided With the plurality of microprotru 
sions 34 for penetrating the skin surface. Although the 
device 105 has been illustrated With tWo rotatable stretching 
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members 70 for unidirectional skin stretching, it should be 
understood that a plurality of such members can be used for 
multidirectional skin stretching. As the skin stretching 
device 105 is pressed onto the skin 30 of the patient, an 
adhesive on curved surfaces 76 of the rotatable stretching 
members 70 adheres to the skin on opposite sides of the 
microprotrusions 34 and pulls the skin 30 apart a predeter 
mined distance, thereby stretching the skin (at a tension 
Within the aforementioned tension range) at the site betWeen 
the stretching members 70, for improved penetration of the 
skin 30 by the microprotrusions 34. According to one 
variation of the device 105, asymmetric shaped stretching 
members 70 may be used to provide lateral movement for 
shear puncturing. The microprotrusions 34 of this device 
may be oriented either parallel to or transverse to the 
direction of skin stretching. 

[0062] A seventh embodiment of the invention is illus 
trated in FIG. 22. In this embodiment, the device 106 
includes a suction member 80 of a rectangular, square, 
circular, or other shape in plan vieW connected to a tube 82 
for draWing a suction. The suction member 80 has a suction 
channel 84. For multi-directional stretching, the suction 
channel 84 may be a continuous or substantially continuous 
channel having a rectangular, circular, oval, or other shape 
in plan vieW. For uni-directional stretching, tWo opposed 
suction channels 84 may be provided. An outer edge of the 
suction member 80 includes a loWer surface 86 Which grips 
the skin by having a high friction coefficient With respect to 
the skin. A loWer surface 88 of an inner edge of the channel 
84 is preferably provided With a loW friction surface Which 
alloWs the skin to slide over the surface. The non-slip surface 
86 may be an adhesive, While the slip surface 88 may be 
coated With a lubricant. When a suction is applied to the 
suction tube 82 a loW pressure area is provided Within the 
channel 84 Which draWs the skin 30 into the channel as 
shoWn in FIG. 22, stretching the skin Within the opposing 
surfaces 88. The amount of suction applied Within channel 
84 Will vary depending on the siZe of device 104. Those 
persons of ordinary skill in the art can determine the level of 
suction needed to achieve a skin tension in the range of 
about 0.01 to about 10 M Pa, and preferably about 0.05 to 
about 2 M Pa. An array of microprotrusions 34 are then 
applied to the stretched skin in the center of the device 106. 

[0063] An eighth embodiment of the invention is illus 
trated in FIG. 23. The device 107 includes a tubular member 
90 having a loWer, edge 92 Which is pressed into the skin 
surface 30 causing skin in a center of the tubular member to 
form a dome shape and become tensioned. The amount of 
skin stretching or tensioning may be controlled by the 
amount of pressure applied to the tubular member 90. 
Manually applied pressure is not recommended in this 
embodiment since the amount of skin tension achieved 
through manually applied doWnWard pressure applied to 
member 90 Will be variable and hence difficult to ensure a 
skin tension in the range of about 0.01 to about 10 M Pa. 
Thus, With this embodiment a device (not shoWn) for 
applying a predetermined doWnWard (i.e., toWard the skin) 
force to the tubular member 90 is recommended. To prevent 
slipage betWeen the skin and the loWer edge 92 of the tubular 
member 90, a non-slip surface, such as an adhesive may be 
employed. The array of microprotrusions 34 are then applied 
to the tensioned skin Within the tubular member 90. The 
device 107 as shoWn in FIG. 23 may be cylindrical, square, 
rectangular, or any other shape in plan vieW. 










