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cells then form the stratum corneum, which is a very resistant waterproof membrane that
protects the body from invasion by exterior substances and the outward migration of

30  fluids and dissolved molecules. The stratum corneum is continuously renewed by
shedding of corneocytes during desquamination and the formation of new corneocytes

by the keratinization process.
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the contaminant at the wavelength of the laser beam, that the laser beam must be a

pulsed beam of less than 1 microsecond duration, that the contaminant must be forced
30  into the upper layers of the epidermis, and that the contaminant must explode with
sufficient energy to tear off epidermal cells upon absorption of the laser energy. This
invention also fails to disclose or suggest a method of drug delivery or analyte collection.
Raven et al., WO 92/00106, describes a method of selectively removing

unhealthy tissue from a body by administering to a selected tissue a compound that is
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permeant in the body when delivered by the microporation system mimics that of a

permeant delivered by way of a hypodermic needle.
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30 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 represents manual focus depth measurements of planar array delivery

openings and 80-micron step and repeat delivery openings.
Figure 2 depicts the depth measurement of a series of delivery openings made by

two different operators.
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As used herein, “transdermal” or "transdermally” means passage of a permeant

25  into and through the biological membrane to achieve effective therapeutic blood levels
or local tissue levels of a permeant, or the passage of a molecule or fluid present in the
body ("analyte") out through the biological membrane so that the analyte molecule
maybe collected on the outside of the body.

As used herein, the term “bell-curve-type distribution” or “bell-curve” means a

30  probability distribution function describing the relative frequency of occurrence of a
certain value, such as the mean depth of a micropore or delivery opening. This
distribution does not need to be symmetrical, Gaussian, of a beta-type distribution or any

specific mathematically precisely defined distribution. This distribution may be described
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30  created by the removal of cells in the stratum corneum in a selected area of the skin.
Preferably, the delivery opening will be no larger than about 1 mm in diameter, and more
preferably no larger than about 100 microns in diameter and will extend through the
stratum corneum sufficiently enough to break the bartier properties. As used herein,
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limiting examples of such permeants are insulin, hydromorphone, vaccines and the like.
30 The present inventive subject matter is directed to a method for delivering drugs
transdermally into an animal comprising forming at least one delivery opening in a
membrane of the animal, with at least one opening having a mean opening depth of
between about 40 and 90 microns. Preferably, the mean opening depth is between about

50 and about 70 microns. More preferably, the mean opening depth is between about 55
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characterize the depth of the delivery opening that is formed by a microporation device

30  and establish the relationship between the mean depth of the opening and the flux into
the organism through the opening.
Difficulties are inherent in attempting to consistently characterize a delivery
opening or a group of delivery openings. A large number of variables are present which
may affect the measurement of the morphology of the delivery opening. The variables
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of the dinreasignsefia plutalityohmicteporesowhesein ths stasistier] summary of these
measurements results in a bell-curve-type distribution of opening depths, with the mean
30  opening depth being at the “peak” of the curve. After creation of the delivery openings,
the opening depth is determined according to the present inventive method. The
opening depth of the openings is measured using appropriate equipment. A non-limiting
example of an apparatus for determining the opening depth of a plurality of openings is a

video microscope in conjunction with a marking and measurement system. However,
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30  structures within the time frame within which the opening will be measured. In this case,

a fluorescent microscope can be used to image the opening and by calibrating the
intensity of the fluorescence produced by the tracer, an accurate profile of the opeing can
be computed. Alternatively, by selecting a fluorophore which absorbs and fluoresces at

wavelengths were there is little native effect on these photons by the intervening and

10
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30  one standard deviation of about 50 to about 70 microns. More preferably, the mean

opening depths of the delivery openings will have a range within one standard deviation
of about 60 microns. :
'The target mean opening depth for a microporation system is that depth at which

the openings allow for acceptable flux of a permeant across the membrane. In other
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30 In a preferred embodiment, the creation of delivery openings (micropores)
through the stratum corneum for the purpose of delivering proteins and peptides, small
hydrophilic molecules, particles, vaccines and genes through the skin is accomplished
using a planar array microporation system. The technology is based on the application of
energy to a small, spatially tightly defined area of the skins surface. One method of
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30  clinical studies (mainly with insulin and hydromorphone).

The critical dimensions of micropores required for delivery can be described in

several ways: 1) critical depth/size surpassed for all micropores measured; 2) critical

mean +/- standard deviation of the distribution of all micropores measured for a given
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energy via direct contact to a biological membrane to cause the ablation of some portion

30  of the membrane deep enough to form a micropore the heated probe may be comprised
of an electrically heated resistive element capable of ablating a biological membrane or an
optically heated topical dye/absorber layer, electro-mechanical actuator, a microlancet, an
array of microneedles (solid or hollow), microprojections, microcstructures or lancets, a

sonic energy ablator, a laser ablation system, and a high pressure fluid jet puncturer.
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30  microporator in order to ensure contact between the microporator and the membrane
sufficient to produce openings with the desired properties. The required physical contact
pressure between the microporator filaments or electrodes and the tissue membrane
required to facilitate the energy transfer may be achieved by applying vacuum to the

microporator, thereby ensuring intimate contact between the microporator poration
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mammal is monitored to provide a blood serum profile. A microporation system is then

used to create openings in the skin of the mammal. Insulin is next delivered to the
mammal through the openings by placing an insulin reservoir over the area of skin

30  wherein the openings had been formed and the blood serum insulin levels are monitored
and a blood serum profile is prepared. In accordance with the present inventive subject

matter, the blood serum profile of the mammal with the insulin delivered via the

openings mimics the blood serum profile of the mammal after the insulin is administered
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membrane. In the specific case of human skin, the water content of the various layers of

30  the epidermis are reasonably well characterized and the variations in the TEWL
measurements per unit area per micropore can be correlated to independent
measurements of the micropore mean depth.

A positive relationship exists between TEWL readings and micropore mean

depth wherein a high amount of water crossing the membrane, indicates deeper mean
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| nd|2@ SeeSD8e dibisis staene illustrative example of a TEWL measurmg device and

o=

accompanying software, and is not meant to be limiting to the present inventive subject
30  matter in any way. Other such TEWL measuring systems may also be used in conjuction
with the present inventive subject matter.
‘While the above aspects of the present inventive subject matter discuss delivering
a permeant through a membrane, the present inventive subject matter also contemplates

extracting a substance from a mammal by way of delivery openings. Thus, the present
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present Eﬂfé?&&ﬁp\feemg{ﬁm&qevi@%seﬁeld in place on the 3-axis stage by clamps.

The video microscope objective was held in position over the stage with rigid laboratory

ring stands and spring clamps. Focus (movement in the 'Z' axis) and sample positioning
(movement in the X' and "Y" axis to select individual pores to measure) were controlled
by manually the operator adjusting the position of the 3-axis stage. The output of the
video microscope was connected to the Sony media converter. The Svideo output of the
media converter was connected to the Imagex Marking and Measurement System and

subsequently displayed on the 13" television monitor. The digital output of the media
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D 16108 A A b utiobfio vEREhol s YR swabbed with
25aXiafcbohag rsigfidihe pRRedidrk @6éxREuted in vivo. An array of micropores was created

in each sample using the desired experimental parameters. After creation of the pores, a

small drop of green food coloring was wiped over the drea with pores. After
approximately 5-10 seconds the food coloring was removed by blotting gently with an
absorbent tissue. This process highlights the edges of each micropore but does not stain
30  unmicroporated tissue.
A digital still photograph was recorded using the Ulead software. The “distance”
or “path length” functions of the Imagex system were used to measure both the length
and width of the pore. The distance function measured only horizontally or vertically, so

each sample was positioned as close as possible to align with the axis of measurement of
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t heE)g(r)r{p?eSZ a

30 'This example demonstrates using a second generation microporation system (a

“planar array” microporator) to achieve the micropore depth of an early prototype
microporation system (a “step and repeat” microporator).
An early prototype microporation system was used to generate an opening or an

array of micropores in human donor skin. The depth of the micropores was measured
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smal | drop of green food coloring was w ped over the
area with pores. After approximately 5-10 seconds the
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por ept h nunber could ﬁ@g}eb:t abl i shggq'?fgr t hat pore.
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this meaguioBsERd mitedpore dépshstidhotGichiees thetdrgdtphé were considerably
di fferent operators _were used to gasurﬁét he sane Ett% g
of shallomepihee sxpastedt e dasa implicd it she prox deliieproksgrved f the clinie
al | SYCR,EQ bwiiero glteo ﬁﬁhtighfafl&ﬂﬁmnoi’@ﬁbﬁgéﬁe%&fwould achieve

nmeasuri ng the sanme se m cropores, the mean “depth
15f orth@taget amf allBG ippreved dag debvamgd to be within 9 mcrons

and the standard deviation,o ths. ovef the. re.: .
sanmpl es %@ﬂ@e@icp?’ﬁ?ﬂﬁow ?f;tgﬁf‘riEc .reaaﬁnéﬁtraiéﬂigus%%\%sh&? ﬁgmcal trials
I eSiblcdn@fmddha (HePEWINResuf-araRtisdiehedshhl®@rdripoids eithn had been
pl anar pores and an early prototype system which used

80-expgctadon tungsten wires in a step and repeat process
to formthe array of pores.

20 Test2

It was necessary to characterize the effect of varying each device parameter on
micropore depth to determine suitable input energy adjustments.
A faster rise time activator would induce a more volatile better removal of skin
tissue by creating a higher peak pressure during the flash vaporization of the tissue being
25  ablated and thus create micropores more efficiently. A faster rise time activator was built

(AACT-02) and the tested concurrently with the parameter characterization.
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Figure 2 shows the inter-operator variability of depth
nmeasurenents on the sane 8 openi ngs nade i n cadaver

W@ keos/oksnccor dance with the above procedure. BEPUBR2004/034715
nmeasur enent differences ranged fromO to 62% however,
given the limted sanple size, the average depth
nmeasured by both operators was 53 14 and 44 13
i CT ONGfie b A Sirfe it e RAQBRIANARIBOS 481RR ieksitbra depth
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r epaadec x#iplsepptatddr ) . An=8ar |y prisiype 54 78.75
m croporati on sysiemwas used to geperate an opgni ng

or Zarﬂseaeé 61°P @opore§=§§ hurranS@B:rzgr ski n. qgi‘he 0
deptfiepk 4tfRe Bt AROT €S wago neasurgds 2dusi ng t ke 42.5
nmet hod provided in Exanple 1. The distribution of the
deptrhesc a8 fulse optact®por es 1780 gi ven InttP gure 3. 2¥he 26.25

?g%ﬁ%ﬁ%ﬁgﬂée}gg@)&? 18 nkgrons. jhigsval ue wag used  3g

generation m croporation system
usingsea xpgnBe optor @9 ni cnePor at or 44 tA3an acti4@ior. 475

Test Multiple m cropore patferns e £reated ing a

pl &rf8sec P arra;%:g{)m act}l\lggét+ r and paﬁereter 0
seblhgs of guld@dpiese! i'ni calgst udy (Acgi vator model 0
AACT- O

, Shielded arrays, 5nmsec x 4 _pul se 100 opto)
we 2amssg xi% pvdsd opte 10 ski #=80nors. RPdropore Degfh Wth O
AAGT-01lat, 5 pul se_%80 opt o,sPaypern No. 04 3.75
Av r%mgeg%gepﬁ%%é%%@n Dep?h§gores gzaft‘ern 1 (Donor #
403469ec 3285l bpto 0MU4. 5 BaBbern 2 (Dayvor # 40346) n=80 O
24 + 11 23 Patterpn 3 (Donor.# 4034 =80 26 + ,9 26
Patk ik x4 RS 95F0 4 4178528280 34 V11953 e paiern 5 6875
( eck 4 %@5{52 35 +-3%8 35 TobalLn=372 3328 13 32 125
The observed mi crosore dept hs did not achieve.the

t arZgete adgulseppod8isi der a589 shal | Bt han exfécted. 422
oo LA B, g, i oerves i
an@ rdwetx mile dpapdd0 ener gy=80oul d athitdde t he t4.yet 45
and, all ¥ R ovesh drug delghvery. e, 16 23 1625
5 msec x 8 pulse opto 50 n=80 47 + 14 48 55
2 msec x 8 pulse opto 100 n=80 31119 25 26.25
2 msec x 8 pulse opto 200 n=80 20 +10 19 375
2 msec x 8 pulse opto 400 n=_380 22 +13 20 8.75

'There was not an observable trend as the number of pulses or the color
témperature changed.
5 Upon reviewing these results, multiple hypotheses were put forth to explain the
observations. These included array to array variations, differences in donor skins,
differences in mounting/staining/ measurement techniques, and variability in the array to

skin energy transfer at each poration filament (i.e., poor contact).

23



Subsequent conpari sons of the TEW readi ngs taken
during these clinical trials also confirned that the
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been expected. Test 2 It was necessary to characterize
the, effect of varying each device paraneter on
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hore e aster rise
ac boabbihe \h?pothébbi that e‘\a@aﬁf'Ed Bidn ﬂ]ﬁ(dlatahﬂa Tee gt ultiple patterns were
concurrently the p nmet er character
22EFeRiEd 08 agig rf[O?P & Ftee o S FAST D HE Yo vl
m cropore depth Paraneter combi nati on No. of Aver age

Medi an % >40M pores Depth Depth 5 nmsec x 4 | se opto
100 n=80 m:cmpowwhmm%w apSmsecE4 ss 1@@9pt0

O + 7 19 0 2 nsec ul se 100 n— 19 o
%0 ol rrsec x 8 pul seﬁ%‘%% 100AQ'Q €31 1 qgﬁ 6. 25 4é°uM

ulse,opto 1BY*h=80 4 33 30 ec x
Zs® £6 4396 nos0 42-843 40 g524i71% 2 msec 81.3

Dumﬁerﬁm(mo%érm@%% 7nl800 2 megesx62 pul se40pto 50 27.5
2 nmsec 2 pul se opto 100 n=80 20 + 19 0

2 ﬂ?s@@nﬂ (@Opgt%é%‘@o 200=p280 23 26191%2. 5 3, 7@ 2 nmsec 163

Z 7 16 ec X | se
op?%gég%ﬁggﬁbg%ﬁg%gSGO 6&7&% 2 nsé%’% %Bpulse4g§¥o 50 373
n= $Gwﬂﬂ4{£&n88#ﬁOEﬁDZnsen—ﬁO4 pul ¥ dpbo 100 nx480 42 38.8
19,43 42.5 2nsec X pulse pto 20 0 28 1Q,25 5 2
msd®®@l 4 pul se opto 400’ﬁ 42 +-§% 1% 5 45 29ﬁsec x 333
8 pul se opto 25 n=80 28 16 23 16.25 5 nsec x 8 pul se

opt 0 S0 z8etiéd mAsutéinds did not corroborate the data from test 2. In fact, the
data was very similar to the data obtained from the slower rise time activator (AACT-01)
suggesting that rise time may not have an impact on micropore depth. To follow-on, the
same settings were used to create 2 additional patterns on the same donor and 2 patterns

on a new donor. All four patterns were created using the same array.

Micropore Depth With AACT-02 at 5msec x 4 pulse 100 opto

Pattern No. of Average Median % >

potes Depth Depth 40uM

Total from Test 3 n=400 35 +19 32 335
Pattern 1 (Donor # 40346) n=80 42 £15 41 52.5
Pattern 2 (Donor # 40346) n=80 39.+15 37 45
Pattern 3 (Donor # 40346) n=80 37 £16 35 33.8
Pattern 4 (Donor # 40346) n=80 38 + 15 36 41.3
Total n=720 37 +17 35 41.2

The different skin samples did not appear to affect the micropore depth.
Although the cumulative measurements were very similar using the same planar array,

the correlation between the patterns on a per filament basis was relatively weak.
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Do SPHRG SRR 175 PSS S A6 Y th s a1 G ggior {AACT-0)
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2 . (Donor # 40346) n= 6 13 2 16.3 Pattern 3 (Donor

# 40346) n=80 20 12 17.5 3.75 Pattern 4 (Donor #
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33 5 Thavsae BighpR skl e JOACT ATShecy ik 0 opto
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The data indicates that positive contact improves energy transfer and generates
significantly deeper micropores. The data also suggests that with positive contact much
less input energy is required to reach the target level established earlier. The next step is
to quickly screen a number a parameter combinations to narrow in on a setting that had a

high potential for delivery.

E ffect of pulsewidth on average micropore depths with and without vacuum

Single pulse, 25 opto, 10 random micropores measured per pattern

Condition No. of pores Average Depth Median Depth
Imsec x 1 pulse - n=10 0 0
No Vac
Imsec x 1 pulse - n=10 35+15 41
15 in Hg vac
2msec x 1 pulse - n=10 0 0
No Vac
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pores Depth Depth 4QuM Total from Test 3 n=400 35 19
32 33.5 Pattern 1 (Donor 40346) n=80 42 15 41 52.5
w@aiose12052 (Donor 40346) n=80 39 15 37 45 PatPer/nSB04/034715
(Donor # 40346) n=80 37 16 35 33.8 Pattern 4 (Donor #
40346) n=80 38 15 36 41.3 Total n=720 37 + 17 35 41.2
The different skin sanples did not appe to affect
t hemsee K Rwse ~dept h. APt“iLu(iugh t he cuﬁ‘gligtgi ve 38.5
med8ur Blgeat s were very sinilar using the same planar
ar Ba¥ec %hgplﬂs‘etf el ati onphej ween the pagtegns on a per3zs
il asis was relatively weak. 24Test 4 Based on
the variability and | ack of obvious t(gends in the
daBanseq & hpudseconcl udednrlat there was? & Mi gh 62
pr dbabHgivagy t hat the energy was not consistently being
tr r rom each fLk@nment in anisgrgay to the 33.5
sk%}fé il?hr]gaey be due %oll(?l exi ng of the array away
fromthe skin or the filaments of the array may be
emdodeed lipulere adhesi #el@ind pl asti c63mildi d. To test 615
t hils Hyyywot hesi s, the arrays were nounted on a firm
pl ' [ Wth a vacwysm port. Th l@astic piece 33
%ﬁjgkfcéigﬁ%g fingers gf Warray, pr evgeﬁ%lﬁg fl exing
away fromthe skin, and allowed a vacuumto be applied
t 0 Stisec sKi pulseFhe vacuumréhsur ed posi 9 wel’cont act 0.5
betlbddgvache array and skin by pulling the skin up
around the filanments during activation. Two patterns
were created with the fast rise tinme activator
( AACT- 02 raaR8migheuptiRtantetet cBbERtdM0v0 Rlso tiRtsdathipridentify
conbi nation wi th and . w thgut, vacuum Average mi cropore
de pokeniialicapdidatestiop olipic gationy pul se 100 opto opto
sWwi th and without vacuum Condition No. of pores Average
% >40uM th No Vacuum appliged n=80 90 + 28 92.5 25
in Hy W@ggﬁ{] YAE@Ys parmmefsr combinaipns yaveaggayicropore depths

i ndi cates that positiveaqQREgok oRfH%re@(Y&‘g ener gy
transfer and generates significantly deeper

m cr Gpodigon TheNimofipateso séyyage Deptiat Medinddepthi v o >40uM
cornaed x Apudte | ess aeffut ener gyBlisliequired t@9reach 25 7
t he tsan@@&ivdcevel established earlier. The next step is

1msec x 1pulse n=80 46 + 16 49 65
- 15 in Hg vac

1msec x 2pulse n=80 54 +9 56 81.3
- 15 in Hg vac |
1msec x 3pulse n=80 29 +13 ‘ 285 8.75
- No Vac

1msec x 5pulse n=80 66 + 13 65 98.8
- No Vac

Imsec x Spulse n=80 66 + 13 66 20
- No Vac (2)

3msec x 1pulse n=80 32 +14 33 213
- No Vac

3msec x 2pulse n=80 52 + 14 51.5 75
- No Vac
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to quickly screen a nunber a paraneter conbinations to
narrow in on a setting that had a high potential for
waledosweoylt Ef f ect of pul sewi dth on average m cPOPUS®04/034715
depths with and wi t hout vacuum Si ngl e pul se, 25 opto,
10,faq90n1nicropores nmeasured per pattern Condition
No.255%2 pores Average Depth Median Depth 1lnsec x 1
pul se - %%Q@ly@th@'qnﬂé@x 3 pERE 2% optoRetiSE withoat Mcihn sekns to
41 15 in vac 2nsec x 1 qkse - n=10 .No Vac .
25 2ppeoaclythe typetgaicropprergopholpgy 3Theeplastig bagking yppersing the array
3 - e . .
purige? pheofed By 5 Mot Ay BEeu@E LIREF ol hin. Ading
5n=16ss $lBxible phsticGbdskingsc thémegentnartdy paylup evas a meldiyelydimyila

61.5 ac .5msec x.1 pul s n310 36 +,14 33.
Vaceshiiest, B JRPRECl jcsses Epdh AN gmmdes g Pott i for drvg
F arginvaril Thide w@ﬁrréﬁ@feﬁrwiﬂﬂﬁtﬂﬁ?ﬁtph@&ﬁs ah sRldpksd&tdrd. 0
help identify potential candidates for clinica
application. Effect of various paraneter conbinations

on avera ] : I : [
Condi 1 orEKTEABAECIIELE 3pufic okt BekiR ek uhplk Pflor
>40uM Onmsec x 2pul Aetivat@OAACT-Ramelompdified array

Condition No. of pores  Average Depth  Median Depth % >40uM

26791 (n=2 n=160 66 + 12 66 944
patterns, 2 arrays) .
27744 (n=2 n=160 58 + 14 58 -394
patterns, 2 arrays)

27978 (n=2 n=320 53 +13 52 763
patterns, 2 arrays)

26882 (n=2 n=160 89 +24 90 944
patterns, 2 arrays)

Total n=800 65 +21 61 74.5

10 Test6

An exhaustive and robust data set testing the modified array, fast rise time
activator (AACT-02), and new device parameters was generated. FHuman donor skin was
taken from the freezer (-67°C) into normal saline at room temperature. The samples
were allowed to equilibrate for 75 minutes then blotted dry and mounted on a skin

15  distention unit. Four patterns of micropores were created on each sample, with a new
array being used each time, and stained. The activator head was applied with 3 pounds
of force for all patterns. The rise time was recorded for each pulse on each of the

patterns.
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5pul se n=80 66 13 66 90 - No Vac (2) 3nmsec x | pul se
n=80 32 14 33 21.3 - No Vac 3nsec x 2pul se n=80 52

14 51. 5 FAaminMon/eCingRE &3 pills S5 BpioSettiigywith heultipteedonors
5 pul se 25 opto settin V\nlt)hout vacuum seens to
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backllﬁl&lqosi,uppor tN@g)ft he a:Ir g‘;éqf | NOE(R e eventl\qgcé‘ghr ay % >40uM
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Addj Iessf bl e plLastic backl to the Rufrent

argig 4up vve'i’s rel at 2 @g§ si nple~rodi fi cat4| on, but 597
ally increases de th and i es the

potQéﬁ%% =4 or d]r‘l}ggdel [ vé QCThe t‘&#gX wer e red'geat ed o4

wi tH¥USES t i pl e patterns on nultiple donors. Examination

i f 278ke@m=¢ 5 pw=S&0opto 8@8tCng wi®h=dl tipl e donors 925

Actpattetiner AACT- 2 and nodified array Condition No. of

pordd2inrerdage Repd Medi AR 1TBpt h %BB#AGM 267957 ( n=2 85.9

n=If@afem® 12 66 94.4 patterns, 2 arrays) 27744 (n=2

N=160H@ -4 4 553904 pat beons, 2 J4 aps) 279784(n=2 419
n:%@}eé 13 52 76.3 patterns, 2 arrays)

24697 (n=4 n=320 21.1°C 59 +17 57 86.9
patterns
24692 (n=4 n=320 20.1°C 73 +22 69 88.8
patterns
26800 (n=4 n=320 20.6°C 58 +15 55 86.9
patterns
25830 (n=4 n=320 21.6°C 70 +19 72 87.5
patterns
26401 (n=4 n=320 21.9°C 60 +22 56 80
patterns

Total 3200 59.4 +21 57 77.4

'The average depths were consistently within the target range and the depth
distribution looked very similar to the distribution achieved with the early prototypes.
With all the planar array configurations tested on human donor skin, certain individual
micropores were labeled non-measurable (“n/m”). With the earlier planar array
configurations, the majority of n/m’s were simply too shallow to measure. It seemed the
filament left an impression in the skin that attracted the stain, but there was no
discernible depth. In this test, though, the majority of n/m’s were qualitatively different.
'The filament appeared to make a micropore with appreciable depth, but when the array
was removed the edges of the micropore seemed to fold over on each other. Under the
microscope these n/m’s appeared as slits. Although the n/m’s observed during this test
are more likely micropores, it is unclear whether these micropores are viable for delivery.
'This type of ‘folded over’ micropores are the sort which can be measured using the

fluorescent tracers and/ or confocal microscope techniques described above.
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34 44 41, 8 patterns 24607 (n=4'n=320 21 1C 59 17 57
86. 5 ysid for fmpla@gedsn=4 n=320 20.1 C 73 22 69 88.8

pat t er nSTGEMBr Edtnphried? Cordiiné 10 PF/ miliydesméPhéne hydrochloride
unless otherwise specified. Both the donor and receptor compartm‘ents contained 50
mM phosphate buffer at pH 7.5. Hairless mouse skin was harvested immediately prior to
the experiments. The hairless mouse skin was soaked in 50 mM phosphate buffer to
remove residual enzymes and blood.

The mice in the microporation group had an array of micropores created on the -
mouse skin after harvesting and washing. The control group (intact skin) had no
micropores. The skin was then mounted on Franz cells filled with receptor phase. The
sample volume was 500 ul for all samples taken and fresh receptor solution was used to
replace the sampled volume in the receptor. Samples at time zero sample were taken
immediately after the donor phase was added to the donor compartment. Samples were
taken every hour for 8 hours. Samples were analyzed by reversed phase HPLC using UV
detection.

The cumulative amount of hydromorphone delivered was measured in samples
taken from the receptor compartment. In the first experiment, delivery through
microporated skin was compared to intact skin for a hydromorphone concentration of 1
mg/ml. 'The amount of hydromorphone delivered at 8 hours was 18 times higher for
microporated skin when compared to intact skin at 1 mg/ml.

The effect of donor compartment concentration on the amount delivered was
then tested by evaluating 0.1, 1.0, 5.0, 10.0 mg/ml. 'The amount of hydromorphone
delivered through microporated skin at 8 hours for 10 mg/ml was 13 times higher when
compared to the amount delivered for 1 mg/ml.
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was performed the day before the experiment to allow the animals recovering from the

surgery.

25 The experiment was conducted as follows. The rats were anesthetized

" immediately before the skin treatment, which consisted of cleaning the abdomen side of
the rat skin with an alcohol swab. The abdomen was allowed to air dry.

After the abdomen dried, the microporation system was placed longitudinally,

and the bottom corners marked, on the cleaned skin site. The cleaned skin site was then

30  microporated using the microporation system. Following microporation, the
microporation system was removed and a liquid reservoir patch was placed on the
microporated area. 'The patch was then filled with a 50 TU/ml dose of insulin and a
time-zero sample was immediately taken. The remaining samples were taken according

to the preset schedule.
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2 microporated using the mi'croporation system. Following microporation, the
microporation system was removed and a liquid reservoir patch was placed on the
microporated area. ‘The patch was then filled with a 50 TU/ml dose of insulin and a
time-zero sample was immediately taken. The remaining samples were taken according
30  to the preset schedule.

After the sample at the 4™ hour was taken, the rats were anesthetized to retrieve

the donor solution from the liquid reservoir patch. Blood sampling continued until the

8 hour.
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for the rats in Test 1 and the rats in this test. As can be seen in the figure, the rats to
which the insulin was delivered transdermally through micropores in Test 1 exhibited a

higher average concentration of insulin in their serum than the rats of this test. The

patch was applied to the rats for four hours in each test, and the profile indicates a high
concentration of insulin for those four hours, with the concentration decreasing only
after the patch was removed.

It is interesting to note that, while the insulin serum concentration for the rats in
this test (planar array microporation system) is slightly lower than the concentration for
the rats in Test 1 (step and repeat microporation system), the shape of the profiles is
consistent. This may be due to the depth of the micropores formed by the step and
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i ndi cates a high concentration of insulin for those

four hours, with the concentration decreasing only
wa@bdaos4208e pat ch was renoved. Thus, this test BIDWS2004/034715

that the transdermal administration of insulin to rats

results jn a hjgher ayerage insulin serum .

C O ARREA FISFORFRIOB ST SRS Breﬁ‘@Fa’éﬂ thsy depfseo! hsomicropores formed by
Cor{]ﬁ’eﬂgﬁﬁr% 6o drdion sbRephi ch the insulin was

adm ni st ered subcut aneolUsly. Test 2 Four hairless rats

were purchased from Charles River. Jugular vein

cannul ation was perforned the day before the

ex;lgf-tiﬁent to allow the animals recovering fromthe

5surger Y-Ihﬂt@st%ﬁdésjiglﬁgtq &a&nﬁﬁﬂd_' la:hyaﬂéeil .b ?xa:eS ftﬂilﬁéqxgnlis of fdrsdermal
rats were anesthet,iz [ ately befar.e skin

tr @atCh%Srﬂs?g ij‘ihﬂer @%ﬁf ENEaRPRY Oltglﬁ%g%lﬁ?fé FgHwere prepared
Si ' ' I ; : ;
b G2 R ManSiihity e ploc TR TR L R, Tollowing

dr ingickopbsombteash aatadni carly syosotpn iguid yshexeeinipatch was applied to two of

longitudipally, and the bottam the: -
ol ot i rpRlbopkator Bk oEE RAL Fp R 0olR0 bl in the
10M GéREnhatlade 1. MBach perchicedaiped 450 DU ralyduse of inkudinl vohdnrgplied to
m cyoporation, the {ﬂec .og)?r ahi on system was renoved
andh%mqr‘éﬂﬂrﬁedé@éfi’f/ Pf;lﬁ E\Wéfs pl aced on the ’
m cr opor@t.atl, Bt §Gum tifcpfthtdh WaSmbdlRNed inlh@floftht BifarRarious
U | dose of insulin and a time- zero sanple was |
i mimcivals of yimeaKbe aveFige contenirationgpf shenthiressratseyas detataained and an
accoilﬁliﬁn to thetﬁgeset fi{sche(raul 3 eé‘fter the sanpl e at
t hé™¥ths CORBIUPUREROMENES FRYSRRET e anest heti zed to
15retr Lev@‘ligdirg8 danehartshbwing el dveage inbeinl sefiimh conceserioniversus time
patch. Bl o sanpl.ing conti.,nued until the 8th hour.
5 11t Rty proken gy 1t SRTEOR 5 patch Fﬁédpgﬁ & Eepm bitheslaa, the
th insdl &ﬂwﬁh@ﬁf@fﬂﬁa H&dha Bwdtypas Of patchedl?-
Af ?géleéeﬁlﬂsdﬂ%l%g)ﬁ%gr?ﬁms conduct éd agai n,E}ﬁomevpgr t he
patch applied was 2 cmin area. Lastly, the test was
performed for a third tine, with the patch having a
si 7& 3 cn2. The average concentration of the four
20r at s wasThielearwbs Radipite de@atife fateffocséfzids@ruhcatrition whithe serum
serum.concentration profile was devel oped. Figure 6 is
a dﬁ%l}l’thSQf. %§a¥lﬁ%%¢rage insulin serum
concent r @b}, QBe VY Sele! lﬂgpafrézlrhl LS rdAtSwith Hi ISrB@edure set forth in

different patch sizes. can be seen by Figure 6, the
av éfeaigatiove uFortheer ramthas hed delivaty qpnnmg&énmgc?on their abdomen, the

delivery openings were formed using an eatly prototype microporation system. Insulin

25  was delivered to the rats using a second generation delivery patch containing the desired
concentration of insulin.

In this test, three rats did not receive delivery openings. The delivery patch was
applied to the rats’ abdomen without microporation. The rats in this control group were
given a 501U/ ml concentration dose of insulin.

30 For the other rats in this test, the delivery patch contained insulin in
concentrations of 10 TU/ml (6 rats), 25 TU/ml (6 rats), 50 IU/ml (5 rats) or 100 IU/ml
(6 rats). The insulin serum concentration was monitored in each of the rats at various

intervals of time. ‘The average concentration of the rats for that particular insulin
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doubl ed when the patch size was increased from1l cn®

to 2 cm. Further, the average insulin concentration
wa@abk®s/oswaghl y doubl ed when the patch size was PODUSHS€M4715

from2 cn2 to 3 cn®. Test 3 Three hairless rats vvere

prepared and

DD o e L1 B PSS nd

secanel,68 bﬁ&nﬁjaﬁé}?}grofﬂe%agﬂ@& j.qn system was used
to create the mcropores in the abdonen of each rat.

I n addi tfl'lgm¢ 9 isrechartahediog the avprage sdigrseninpeencantmtioy/versus time
do f a e I r
S‘f Ihtgl Erolke Vﬁlﬁrr{he ?Bﬂ%nhc%ng%g% ti?rh {ES?& i Hf% o%ts@&p%ﬁgc?to the rats.
5 C 0 Mesah ba kéedrbywhs damthd dieege uﬂulﬂmblflceﬂtratlhﬂ waatery kdw for those rats
ous_intervals of tine.. The e concentration

var Ve
o bt B SRR RIBE PN st BT BTl B
co QSﬁ&tnﬁﬁﬁérpfbr BHeOhis!i6 whRS ey Wﬁ’lﬁ%se IoF §H4(1kh Wad SInd@nistered was

chart ow ng the aver age | nsu in serum concentration
versyshigh i me:ompansdmeto rtlm 19tsj receivéng otheralogest Aatereatingly, ot much

B 50 SRRSO I ARy i e

10M @5apBhtdoden Test 1 exhlblted a hi gher average
concentration of insulin in their serumthan the rats
of this test. The patch was applied to the rats for
oWy pw s in each test, and the profile indicates a
h|g concentration of insulin for those four hour s,
with t hélleoexemple @momtraﬁesdhemqlvgxoorheweamaéwam-he esaak water loss

ved |s i stin ile the
TR it beheak SRSy BPE Bl | L1
15( ﬁl an arh @Edrﬁyoﬁhlﬁﬁﬁpﬂﬂ@?tédm réi:ylﬁtfeé mﬂldér&nd [[N@Tfﬂlec% whthwks FDA and
thap the conc on ts in Test, 1, (st .
andhe RREBRIA het§pg %sﬁ{ gewaw@ﬂéH%tﬁ%h%# 2 pagi of skin
pr g;rééa?e?i f‘o?nﬁ'& éﬁ&ﬁtFoﬂg rBYBErfYe of Be kg, ﬁﬁ@ AEwef

cropores orned step and 32repeat
m an@mmemmass ahetend b rnglog:heac whs ddlizered pethgeprpmaloia 2

the n ar forned, b r

PR s B St Yol PathuidiHermend apdtboup (G4
Od et}eﬂmﬂ@ m()jdefﬁnfnfxﬁd d énraks hyd??mh@hﬁy@ asd d‘fe TE Wﬂlsdefsﬁfainent taken
patches visedto in through th
m dPbipe maisropeyated s E’é‘r ?ﬁeﬁ‘;f@a%%%% ‘aﬁs@sﬂaﬂ@ a standard TEWL
te%ﬁé@u ‘ﬁgﬁgﬁgéﬁ Ebeldagmpr ocedure set forth in
Test above. Fol omﬁ n1croporat|on of each rat, an
early pﬁﬂmatvﬁeakwhqwmur ebledielowat ch was applied to

two of the rats, while a second generation transder nal
pat ch was used to deliver insulin in the

Patient No. Css (1-4 hrs) Measurement TWEL Measurement
1015 1100 44.1
1016 1200 322
1022 1300 293
1023 300 204
1026 700 43.8
1027 350 19.3
1029 700 335
1030 400 295
1031 100 9.2
1032 225 22
1033 200 20.1
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remaining three rats. Each patch contained a 5 IU |

dose of insulin when applied to the m croporated area
woboosiheoski n of each rat. The insulin serum  PCT/US2004/034715

concentration was nonitored in each of the rats at

i + + 3
v s of time—TFhe_average—¢ ncenrfali?w

arious inptervals e—H
of the tAPE: rats \has deternﬁpgd and an ilnsulin sé

m

concentrd0i®n profile was dewdboped. Figyre 8 is d54

chart—shgggFgthe average 1ngghin Serum qoNcentr atjpBn

vﬂmmfim=ﬂwfhﬁaﬁséum%pmnby%f}mmaahcn
of patchl@3d. As ¢an be seed?dy the datd, the avérage

insulin qosxentration was verlg0sim lar fgr the twd5.7

t ypes—of—patches—Test—5 This test” wWas set Up to
determ ne the effect of dose concentration on the
serum i mshiglien Gos mhdihg gérerallyiaomdlesswitlae morgeffactibedosefof drug, or at

rats re prepared,in accordance with thg.procedupe .

e BB kDS R 1D BPLGEERLES igher e
deliMer breRediwigshé AlHBATIWL Hekire @B6t0 e wisheken to make certain
del i very openi ngs were_ forned using an early prototége

5mi e frsrsubjeasrvas pemeariablernad thay o otr MpepREE Wes 4 fRostant 70-
ra Sl ng.:a . .
conta R BRGRU SRR LR FRANR BT, | |
this teghe idvenie subjes mittr heitg thas desesbedk [tiwikk by obvious that the

openi ngs. , The. del i ver at.ch was.applied tp the rats’
aba%fﬁfe%‘a}f\‘m V51§ uhﬁnep)b%@g asp Vart %'Braéet [ot o, 8? ﬁelggrdeg as’a departure
C ? @{ohpihle Qgiﬁtl Pd'RbSe 6 the thven®RIskbiedt remRe and albichimetifi@itions are
of Insulinh,

For the other rats. in_this test, the

10 delintensleq tp be ewludeshwishinahe scape pf the ifqlﬂevm&fgam-at i ons of
10 1Um (6 rats), 25 1Um (6 rats), 50 IUmM (5
rats) or 100 U m (6 rats). The insulin serum
concentration was nonitored in each of the rats at
various intervals of tinme. The average concentration
of the rats for that particular insulin
33concentration (and whether delivery openings were
formed or not) was determ ned and an insulin serum
concentration profile was devel oped. Figure 9 is a
chart showi ng the average insulin serum concentration
versus time for the rats broken out by the insulin
concentration used in the dose supplied to the rats.
As can be seen by the data, the average insulin
concentration was very low for those rats that did not
have delivery openings fornmed. Al so, the average
insulin serumconcentration for the rats to which a
100 IUW | dose of insulin was adm nistered was very
high in conmparison to the rats receiving other doses.
Interestingly, not nuch
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difference is seen between the rats receiving the 5

IU | dose and the rats receiving the 2 | U m dose.
waEx@aph®sy This exanpl e denponstrates the corr ePEl/UsI004/034715

between a trans-epidermal water |oss (TEW)

measurenent and the effective delivery of

hy I8 A series of human volunteers, recruited

under and IND filed with the FDA and the appropriate

IRB for the specific protocol being conducted had a .

pat ch off. ski M\ pedhpd fertcivaringipermogor substences Hubuiglvi biglogical

m croporation of the skin,.the T nea enent .

{ R R koD AU ERs s SR oReigh e

Vi gnenBri@) sA@ it 8Ist fiatdelivery beridgdasing atradan opefiiigdepth of between
concentration between 1 and 4 hours (& (1-4 hrs)
valebeutf@sand ebeirt I mEeropHr t he hydr onor phone, and the

TEW. neasurenent taken for the mcroporated skin. The

TEW. neasurenents were taken with a standard TEW

nmeasuri g deviheenetiprdofi dlbém 1yhe@sib drecht leayt. ont elivegsepening has a

are shown .in,th bl e_ bel pw ient No. Css (1-4
hr ﬁe%BW%MOﬁ@ﬁlt %M&Hﬁﬁmﬁ%‘ 1100 44.1 1016
1200 32.2 1022 1300 29.3 1023 300 20.4 1026 700 43.8

1027 350 19.3_ 1029 700, 33.5 103Q 400 29.5 1031 100 9. 2
1032 228.22 ﬂ@lssnezmﬁfzfcﬁ?aimé %ﬂg‘@oﬂ .t@nie‘i%’emenmghasa

15 feal Ypdnirtp Qe ptf oPabbdess dembotdssimiPats. 100 15.7

4. The method of claim 3 wherein the at least one delivery opening has a

mean opening depth of about 60 microns.

5. 'The method of claim 1 wherein the at least one delivery opening has a mean

opening depth of about 90 microns.
6. 'The method of claim 1 wherein a plurality of delivery openings are
formed in the skin tissue, the opening depth of a majority of said delivery openings

falling within the range of about 40 and about 90 microns.

7. 'The method of claim 6 wherein the opening depth of a majority of said
delivery openings falls within the range of about 50 to about 70 microns.

8. The method of claim 7 wherein 75% of said delivery openings have a
opening depth falling within the range of about 50 to about 70 microns.

9. 'The method of claim 8 wherein 75% of said delivery openings have a
opening depth falling within the range of about 55 microns to about 65 microns.
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A higher Css reading generally correlates with a nore
effective dose of drug, or at |east the patient

wo e@biomyst hat the drug is working better. |In tPCBUS2004/034715
exanpl e, the higher Qs values correlated with the

hi gher TEW. neasurenent. .Care was t n to nmake
certai n1Phat Hogeneshas & amé@wwﬁéwwmw&%m Agange of

ro %gkﬁjﬁgﬁcg{tﬁst #4116 Wathin aon%fooﬁﬁﬁeﬁﬂ Hevition' @ outBARIREs thMout 70
the*m c? opor atetd area of skin was not sweaty. The

i nngicdonsce subj ect matter being thus described, it will

be obvious that the sane maybe varied in many ways.

Such variations are not to be regarded as a departure
fromt hQLSSi "]]l‘hlter@éﬁﬂ%cﬁéﬂﬂh@md fQﬁﬁiﬁ%Mihi&dﬁﬁkM?opgtﬁi‘;@dhv%a range of
matter, and al]. such, nodifications.are intended to be

i neperiagdenthialing methinosns stageard deviptinn va#’ﬁ@t &0 micRps.

35What is clained is: 1. A nethod for delivering

per meant substances through a bi olgggi cal nenbrane of

an ani ndl. corfheinsithgl éfmlamibgrierein eud teliyar apehingehaye a range of
openi ng i,n { he.nenmbyane, sai,d.at .| east: one delivery

0 pé’ﬁFngg F‘%R}f‘srén‘ﬁg Neaf G5 éﬁ‘flﬂadfd gg%‘f‘thono?f aggltni/\?ebe%mﬁ YSut

40 and about 90 microns. 2. The nethod of claiml ‘
wherein the at | east one. delivery qpening has_a nean. .
openi ng ldept m@ﬂn@&wp@nén@%’ééﬁl‘? ?'ge BROHSIVErE OPGIHRS 1S
nmetchod cliai, ?M]E bhtbR8e@te. | €ast one delivery

opgnl nél élsﬁlgia%%a opéﬁong gegt ¥ of about 55 to about

65 mcrons. 4. The nethod of claim3 wherein the at

| east o deld,very, o Lng .has a nean openi ngdepth of .
about 6 ‘e‘rri crﬁ’ﬁ@e{%‘?‘{)%%m%&e%ism%F‘%‘F#?in?/\%gy%’?ﬁp?ﬂneg 1

at fbeasltby@icelokit6r séleopg floROhE %ﬁou@ cBRéting £ A hegedippbb clement
of about 90 m craons._ 6. The thod qf .claim 1l whe E|1n.

a 1spAbl eftopndictiely peliveynghermah grergr va disraheentag t pgtological

sk iﬂe&ﬂﬁ&é&%’caﬁﬁ%h@?% lolﬂ g)é g%ﬁ% E?%Bﬁ ?f IR rﬁér%ﬁén@&eg@%lthguz%l to form

del'ivery openi ngs M i e range of at
ana mibrpbre) thertieated psbe Zoniptiengret Hedriaily beatddmegstivh elesient capable

t he .openi ng, depth of .a najority of id delj

he CoEEl o Bop, T 8 L0 1 S8 18T o

70 eMacb Mg harflcal ddt@ardih Ridolafice€ lafiafry oﬁ/&hitfcﬁieétilgs;i?/olﬁlfor hollow),
a

sai d delivery openings have a opening depth f I,Ng .
Wi trCTPPECIORT GRCIOFSLAIBRMAS 05 BAnEess, ABTHE CHETEYTRIFER ¢ laser ablation

Th NEL . ' ' % of said delivery
opgl nggggg\%g@%%g}neﬁ%wﬁgﬁxﬁu%%ﬂ ing within the range

of about 55 microns to about 65 m crons.

-

15.  The method of claim 1 wherein said at least one delivery opening is
formed by microporation conducted with positive pressure being present between a

microporator and said membrane.

16.  'The method of claim 15 wherein said positive pressure is applied

manually by pressing down on said microporator when being activated.

17.  'The method of claim 15 wherein said positive pressure results from a
vacuum of about 0.25 to about 0.80 bar being applied between said microporator and

said membrane.
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3610. The nethod of claim6 wherein said delivery

openi ngs have a range of opening depths falling within
woe@sstmadar d devi ati on of about 50 m crons t oPebUs1004/a34715

m crons. 11. The method of claim 10 wherein said

del i very openi ngs have a, range of openi ng depths

fal i ngl8i t hilhe Brbod 0% flieh I HBUPRSRE TAGRIHE GRpUIgEO bar.

m crons. 12. The nmethod of claim®6 wherein said

del i very openi ngs have a range of opening depths

fallingi®i t hThe mathodtod nkizm d:ivxg\ewitmaidahhtﬁryabmd pe@gueant substance

m crqgns. . The net of .claim =] L d.

et gna bl 0D bighe o e Sl eh P BilieP logd serum
M GFBROK H the Berd@¥hC@bstdite bl BeeiRiclivedediubehiangouly.

wherein said at | east one delivery opening is forned

by a microporator selected fromthe group consisting

of @ hegied RhORERITERIm ¢ WRRIRS biSTBHEM GhdMSHhie s skin.

del i vering thernaf energy via direct cohtact to a

bi ol ogi cal nenbrane to cause the abl ati on of sone

portion_of the ane.deep ;enough ;t 0 f.0F IR

m cr opofE, tH@nﬁgg$gﬁqgkﬁﬂﬁgé%ﬁbﬁ%?ﬁﬁg aﬁng]gé?¥?%%ﬂP§nmnmﬁ
heat athdi@sli Shiptiing ki o flapbdf deliveahd@hinggttaough a membrane,
bi ol ogi cal nenbrane or an q@éLcally heat ed &gglcald "
dy sherivseidislehivars gpanings have & dstribrioraaulting 18 abglksiped qurve wit
m el d about 90
norSgtERope e Hheal pEARE AL B biRe iRl 40 an

| api@bss. a sonic energy ablator, a |aser ablation

system and a high pressure fluid jet puncturer. 15.

The nmethod of claim 1l wherein said at | east one

del i ver yp openh@ehetifod sIicliaf 20 whaiel safdotetivdrp paiig avedmean
W th positive pressur%hgfin present between a

ni opepeg dapdr okaheus ] andASABTATBICIONS.  The net hod of

claim 15 wherein said positive pressure is applied
manual | y by pressing down on said m croporator when

bei ng a@s. vafliad methiad Sftelima? berenf satsl delivary Spesiegs diave 2 mean
sai d positivef res&gre results froma vacuum of about

0. 9BCHS dapehpf $PohO i bgEs 5551 ed bet ween said

m croporator and said nenbrane. 3718. The net hod of

claim 17 wherein said vacuum s about .50 bar.. 1%i The
met hod 8f. cl dihemmethgdofeiam2a vaered) sa VRIY OBELEs have a mean

per_meant esults in a blood serumprofile
foPpggﬂ%d%%$§%%%%§g%%§#%%be that mmcs a bl ood serum

profile as if the perneant substance had been

oL w58, MG 20 T, I SLp ki e

opening depth of about 90 microns.

26.  The method of claim 21 wherein a majority of said delivery openings
have a mean opening depth falling within the range of about 40 and about 90 microns.

27.  'The method of claim 26 wherein the opening depth of a majority of said
delivery openings falls within the range of about 50 to about 70 microns.

28.  'The method of claim 27 wherein 75% of said delivery openings have a
opening depth falling within the range of about 50 to about 70 microns.
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21. A nethod for delivering drugs transdermally into a

bi ol ogi cal nmenbrane of an animal conprising formng a
w@basaliosy of delivery openings through a nenbPEmnes2004/034715

wherei n said delivery openings have a distribution

resulting in a bett-shaped curve with said delivery

openi ngs havi ng a nean openi ng depth of between about

40 and ahout Tg;g rnlﬁ%lgcpcgﬁlah%_%S v&;mﬁeu{‘ﬁ"/@ 8flsad d&fv@y"@géﬂings have a

wher ei n“Sai d y openi ngs have a mean openi ng.
deppbning depilo fallingGvitndthe bange og @barit 85 onerons® abTied michan.
of claim 22 wherein said delivery openings have a nean
openi ng depth of about 55 to about 65 nmicrons. 24. The
met hod gb, cl ahenzshodhefrchiim ZSWreﬂedaid/dfﬂiyerypp&ijﬁ? ah@y eange of
a mean openj ng_depth, of abouyt 60.nicr?n ) %ﬁ. Jhe

me obering fepshsfpling Mehisi one sindard devigian 0 aEalm Jeicrpgy & about 70
mean . Qpeni ng depth of about 90 microns. 26. The nethod

of "clalm 21 wherein a majority of said delivery

openi ngs have a nean opening depth falling within the

range of,, abo 40 an out,~9Q m.cr 1 . e t

of cl ai M26 8?%%‘*?10‘???2" %‘Béﬂ ivﬁ’ﬁm&bﬁ?‘ﬂ&g?’g‘io J‘F“o%sir@gg?“‘ge of
Saigge %Hé{ﬁﬁsyfamﬁg RiithiiiSorle dtahdardideVihtivnt dfabo@rg@emiofonsbout

50 to about 70 mcrons. 28. The nethod of claim 27

wherein 75% of said delivery openings have a opening

depth fablin 'ﬁgm - L A : ;

m cr ons?‘;bi%Sngh\é/I e %He%%é&%fl c egléiﬁnmégga%‘g?g?n ] %ég? Z%nge of
saiopeniag depehsfallipg mithgsoneatedad dpestiangpfabputPOfmicrdnsg

within the range of about 55 microns to about 65

m crons. 30. The nethod of claim 26 wherein said

del i ver y30periheggethalVél dhith@n o¢hefdin Qitbddlingydppiihgs is formed by a
falling within one standard devi ati on of about 50

m PlavABATTY IipORerauen Agviseons. 31. The method of claim

30 wherein said delivery openings have a range of

openi ng depths falling within one standard deviation
of about3460 riihemumbod G2laiffiid whetdioshicbdelivéryiopeings are formed bya

G toPp R rIEeg T e Boob EaRiRRY SHEbfARGR0E FORER ihble of
90 Bhéiiceitsly deliverirt b el ia dirett BorRdct whe bidlogicabintnbrane to

delivery aopenings is formed by a planar arra .
i @W@éﬁeaqh jon @b serma potian of e Tt EEF WD CRelEh Wfeia Fictopore,

sai g fekdd¥sibde QRGHsRYSn AeBrrkAly Heel YesRtive element capable of ablating a

biological membrane or an optically heated topical dye/absorber layer, electro-

mechanical actuator, a microlancet, an array of microneedles (solid or hollow),
microprojections, microcstructures or lancets, a sonic energy ablator, a laser ablation

system, and a high pressure fluid jet puncturer.

35.  The method of claim 21 wherein said delivery openings are formed by
microporation conducted with positive pressure being present between a microporator

and said membrane.

36.  The method of claim 35 wherein said positive pressure is applied

manually by pressing down on said microporator when being activated.
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m croporator selected fromthe group consisting of a
heat ed probe el enent capabl e of conductively

waledosweosng t hermal energy via direct contact POI/ES2004/034715

bi ol ogi cal nmenbrane to cause the ablation of some

portion_of t menbr,a e de noug

ni cropofe, t eﬂ’égtg’ Z?E’g §ﬁdrP si ﬂe Weesélferﬁeﬁ%ﬁslﬁfma

h e@%cﬁgmrcﬁ Shadtiows 16 LbsR r@t8OQﬁPBéih§a§§he@bét%¢mlcﬁmcropomtor and
bi ol ogi cal nenbrane or an optically heated topica
dyeﬁiabsbnmex | ayer, electro nmechanical actuator, a

m crolancet, an array of mcroneedles (solid or

hoEow), m croprojections, mcrocstructures or |ancets,

a SonlCB&nerGheﬁhﬂﬁﬁ@fphﬂnBbshmemmmmwmuwnyebmmoiﬁbmﬁ
hi gh pressure fluid jet puncturer. 35. The nethod of

claim 21 wherein said delivery openings are forned by

M cropogat i ofhe HaghéalR dlaith b N whERint daldelelivees 61ak] fremBsht substance
present between a m croporator and said nenbrane gﬁ@
Theesniam@dblqntl setum puodls fanesichpemsaitgubRisIc d serum

m SRR I P PO Bt T R e%w%s‘%’g%‘b%?fﬁﬂm Phod of

clai m 35 wherein said positive pressure results froma
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44,  'The method of claim 43 wherein the at least one delivery opening has a

mean opening depth of about 55 to about 65 microns.

~

45, 'The method of claim 44 wherein the at least one delivery opening has a

mean opening depth of about 60 microns.

46.  ‘'The method of claim 41 wherein said at least one delivery opening has a

mean opening depth of about 90 microns.
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54, 'The method of claim 41 wherein said at least one delivery opening is

formed bya planar array microporation device.

55.  'The method of claim 41 wherein said at least one delivery opening is
formed bya microporator selected from the group consisting of a heated probe element
capable of conductively delivering thermal energy via direct contact to a biological
membrane to cause the ablation of some portion of the membrane deep enough to form
a micropore, the heated probe comprising an electrically heated resistive element capable
of ablating a biological membrane or an optically heated topical dye/absorber layer,

electro-mechanical actuator, a microlancet, an array of microneedles (solid or hollow),
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62.  'The method of claim 57 wherein a majority of said delivery openings
have a mean opening depth falling within the range of about 40 and about 90 microns.

63.  'The method of claim 62 wherein the opening depth of a majority of said
delivery openings falls within the range of about 50 to about 70 microns.
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a micropore, the heated probe comprising an electrically heated resistive element capable
of ablating a biological membrane or an optically heated topical dye/absorber layer,
electro-mechanical actuator, a microlancet, an array of microneedles (solid or hollow),
microprojections, microcstructures or lancets, a sonic energy ablator, a laser ablation

system, and a high pressure fluid jet puncturer.
71.  'The method of claim 57 wherein said plurality of delivery openings is

formed by microporation conducted with positive pressure being present between a

microporator and said membrane.
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81. The nethod of claim4l wherein said perneant is
hydr onor phone. 44
WO 2005/042051 PCT/US2004/034715

72.  ‘'The method of claim 71 wherein said positive pressure is applied

manually by pressing down on said microporator when being activated.

73.  'The method of claim 71 wherein said positive pressure results from a
vacuum of about 0.25 to about 0.80 bar being applied between said microporator and
said membrane.

74,  'The method of claim 73 wherein said vacuum is about 0.50 bar.

75.  The method of claim 57 wherein said biological membrane is skin.

76. The methoci of claim 1 wherein said permeant is insulin.

77.  'The method of claim 1 wherein said permeant is hydromorphone.

78.  The method of claim 21 wherein said permeant is insulin.

79. The method of claim 21 wherein said permeant is hydromorphone.

80.  The method of claim 41 wherein said permeant is insulin.

81.  The method of claim 41 wherein said permeant is hydromorphone.
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