HOLLOW M CRONEEDLE ARRAYAND METHOD Field The present invention relates to
hol | ow m croneedl e drug delivery devices. Background Transder mal patches
have | ongwbeen/ss@d for the adm nistration of small nol ecwus20mpepht!ic
drugs that can be readily absorbed through the skin. This non-invasive
delivery route is advantageous for the adm nistration of many drugs
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drug into the system c circul ation, by passing both the digestive and
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transdermal delivery of drugs is confined to classes of nolecul es

conpatible with absorption through the skin. Delivery of small nolecul e
salts and therapeutic proteins are not typically viable with traditional
transdernal delivery, as the skin fakgoemdan ef fective protective barrier

to these nol ecul es, even jn the presence of .ahsorpt.i.on-enhanci XCI. pi ent s.
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with drug coated thereon, and others are hollow, e.g., with drug del’ivered

from a rdeeevvidvangemsderthmadainstraten of mapy drugs sneonpetiblearith @ethed from
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passing both the digestive and hepatic portal systems which can dramatically reduce the
bioavailability of many drugs. Transdermal delivery also overcomes many of the
challenges associated with subcutaneous injection by greatly reducing patient discomfort,
needle anxiety, risk of accidental injury to the administrator and issues surrounding sharps
15 disposal.

Despite these many advantages, transdermal delivery of drugs is confined to
classes of molecules compatible with absorption through the skin. Delivery of small
molecule salts and therapeutic proteins are not typically viable with traditional transdermal
delivery, as the skin provides an effective protective barrier to these molecules even in the

20 presence of absorption-enhancing excipients.

Microneedle (including microblade) drug delivery devices have been proposed
based on a wide variety of designs and materials. Some are solid, e.g., with drug coated
thereon, and others are hollow, ¢.g., with drug delivered from a reservoir. Some are made
of metal, whereas others are etched from silicon material, and still others are made of

25 plastics such as polycarbonate.

The number, size, shape, and arrangement of the microneedles also varies
considerably. Some have a single needle, while others, especially solid microneedles,
have hundreds of needles per array. Most range in size from 100 microns to 2 mm.

Microneedles have shown promise for delivery drugs intradermally and

30 transdermally, particularly where a relatively small quantity of drug is needed such as in

the case of vaccines or potent drugs.



The nunber, size, shape, and arrangenent of the m croneedles also varies
consi derably. Sone have a single needle, while others, especially solid
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vi rt ual | ylessdhaad (niakd roeir repoitshayefabsogndipated pignificarftpatn ibighkheinfisi®pect f or
using mcroneedle arrays to replace hypoderm c injections for rapid,
pa?@lesslaéfl$%¥§ngkminjectable drug fornul ati ons. The nethod invol ves
rapi d, high-volunme intradermal infusion with mniml pain by applying an
array of 10 to 30 holl ow microneedl es having a | ength between | CQumto and
Imminto the skin of a patient, witPUHEY oneedl e spacing of no |ess than

1. 5mm on It has now been found that the number of microneedles used and their density per

unit area can produce much larger rates of delivery with virtually no pain induced. This
15 offers for the first time the prospect for using microneedle arrays to replace hypodermic
injections for rapid, painless delivery of injectable drug formulations.

The method involves rapid, high-volume intradermal infusion with minimal pain
by applying an array of 10 to 30 hollow microneedles having a length between 100um to
and 1mm into the skin of a patient, with a microneedle spacing of no less than 1.5mm on

20 average between adjacent microneedles, and pumping greater than 200uL of fluid through
the hollow microneedles at a rate of greater than 20 uL/min.

In preferred configurations the microneedle arrays of the present invention can
deliver up to ImL or more of liquid formulation at the astonishingly high rate of
500ul/min. Thus, for example, in contrast to other reported microneedle arrays that only

25 deliver 100uL at a slow rate of 10ulL per hour (not per minute), the present microneedle
arrays can delivery a full ImL injection intradermally in about a minute or less.

A microneedle array according to the invention will generally have from 13 to 20
microneedles, with a spacing density of 30 to 50 microneedles per cm®. In one
embodiment 18 microneedles are used. Preferably the microneedles are spaced at least 2

30 mm between adjacent microneedles.
The microneedles generally have a length of between 500 um and 750 um, and an

average channel bore of 20 to 50 um” cross-sectional area.
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aver age between adjacent mcroneedl es, and punping greater than 20QuL of
fluid through the hollow m croneedles at a rate of greater than 20 ulL/m n.
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As used herein, certain terms will be understood to have the meaning set forth

15 below:

“Microneedle” refers to a specific microscopic structure associated with the array
that is designed for piercing the stratum corneum to facilitate the transdermal delivery of
therapeutic agents or the sampling of fluids through the skin. By way of example,
microneedles can include needle or needle-like structures, including microblades, as well

20 as other structures capable of piercing the stratum corneum.

The features and advantages of the present invention will be understood upon
consideration of the detailed description of the preferred embodiment as well as the
appended claims. These and other features and advantages of the invention may be
described below in connection with various illustrative embodiments of the invention.

25 The above summary of the present invention is not intended to describe each disclosed
embodiment or every implementation of the present invention. The Figures and the

detailed description which follow more particularly exemplify illustrative embodiments.
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Figure 5 plots pain of infusion versus certain infusion categories.
Figure 6 plots maximum infusion pressure versus certain infusion categories.
Figure 7 plots maximum infusion rate versus certain infusion categories.
15 Figure 8 plots infusion volume versus certain infusion categories.
Figure 9 plots pain of infusion versus maximum infusion pressure.
Figure 10 plots pain of infusion versus maximum infusion rate.

Figure 11 plots pain of infusion versus infusion volume.

20 While the above-identified drawing figures set forth several embodiments of the
invention, other embodiments are also contemplated, as noted in the discussion. In all
cases, this disclosure presents the invention by way of representation and not limitation. It
should be understood that numerous other modifications and embodiments can be devised
by those skilled in the art, which fall within the scope and spirit of the principles of the

25 invention. The figures may not be drawn to scale. Like reference numbers have been

used throughout the figures to denote like parts.

Detailed Description
The invention will now be described with reference to the following non-limiting

30 embodiment.
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The microneedles 14 are spaced apart so that the distance d between adjacent
microneedles 14 is 2 mm. The disk shaped substrate 12 has an area of about 1.27 cm” and
the microneedles 14 are spread out over an area of about .42 cm” as measured using the
perimeter of the outermost rows of microneedles 14. This gives a microneedle density of

15 about 14 microneedles/cm’.

The microneedle array 11 is made by thermocycled injection molding of a polymer
such as medical grade polycarbonate, followed by laser drilling to form the channel of the
microneedle.

An array rim structure 22 is used for attaching to the microneedle substrate 12 a

20 backing member (not shown) that incorporates an adhesive disk (not shown) (3M 1513
Medical Tape, 3M Corp, St. Paul MN) that will extent outward from the perimeter 24 of
the substrate 12 to secure the hollow microneedle array 11 to the skin during infusion.

The skin contacting surface of the entire microneedle device 10 including an adhesive ring
will be about 5.5 cm”.

25 The microneedle device 10 is typically applied to the skin using an external
applicator (not shown). The applicator is designed, ¢.g., using a spring mechanism, to
achieve a desired velocity so the microneedles will penetrate into the skin rather then
merely deforming the skin. Once applied, the adhesive ring secures the microneedle
device against the skin. Various applicator devices are disclosed in, for example,

30 W02005/123173, W0O2006/055802, W0O2006/05579, WO2006/055771,
WO02006/108185, W02007/002521, and WO2007/002522 (all incorporated herein by

reference).



shown) extends through the substrate 12 and mcroneedle 14, exiting at a
channel opening 20 near the tip of the mcroneedle. This allows fluid
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mechani s to achieve a desired velocity so the mcroneedles wll penetrate
into the arehgiAstate) pehplecystokinin (Sincalide), parathyroid hormone and fragments

thereof (e.g. Teriparatide Acetate), thyroid releasing hormone and analogs thereof (e.g.

protirelin), secretin and the like, Alpha-1 anti-trypsin, Anti-Angiogenesis agents,

15 Antisense, butorphanol, Calcitonin and analogs, Ceredase, COX-II inhibitors,
dermatological agents, dihydroergotamine, Dopamine agonists and antagonists,
Enkephalins and other opioid peptides, Epidermal growth factors, Erythropoietin and
analogs, Follicle stimulating hormone, G-CSF, Glucagon, GM-CSF, granisetron, Growth
hormone and analogs (including growth hormone releasing hormone), Growth hormone

20 antagonists, Hirudin and Hirudin analogs such as Hirulog, IgE suppressors, Insulin,
insulinotropin and analogs, Insulin-like growth factors, Interferons, Interleukins,
Luteinizing hormone, Luteinizing hormone releasing hormone and analogs, Heparins,
Low molecular weight heparins and other natural, modified, or synethetic
glycoaminoglycans, M-CSF, metoclopramide, Midazolam, Monoclonal antibodies,

25 Peglyated antibodies, Pegylated proteins or any proteins modified with hydrophilic or
hydrophobic polymers or additional functional groups, Fusion proteins, Single chain
antibody fragments or the same with any combination of attached proteins,
macromolecules, or additional functional groups thereof, Narcotic analgesics, nicotine,
Non-steroid anti-inflammatory agents, Oligosaccharides, ondansetron, Parathyroid

30 hormone and analogs, Parathyroid hormone antagonists, Prostaglandin antagonists,
Prostaglandins, Recombinant soluble receptors, scopolamine, Serotonin agonists and

antagonists, Sildenafil, Terbutaline, Thrombolytics, Tissue plasminogen activators, TNF-

2

6



nmerely deformng the skin. Once applied, the adhesive ring secures the
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i ncorporated herein by reference).Fluid to be delivered through the
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Acetate), chol ecystokinin (Sincalide), parathyroid hornmone and fragnments

t her eof (rebigs, pPEe, bk, deradellyspes, soteyirus, BysteindBareVeasiGld Vielhlamsidlaaran-anal ogs
t hereof (e, rotirelin), secretin and the |i Al .pha: .1 anti-trypsin,
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common cold, Anti-addiction, anti-allergy, anti-emetics, anti-obesity, antiosteoporeteic,

15 anti-infectives, analgesics, anesthetics, anorexics, antiarthritics, antiasthmatic agents,
anticonvulsants, anti-depressants, antidiabetic agents, antihistamines, anti-inflammatory
agents, antimigraine preparations, antimotion sickness preparations, antinauseants,
antineoplastics, antiparkinsonism drugs, antipruritics, antipsychotics, antipyretics,
anticholinergics, benzodiazepine antagonists, vasodilators, including general, coronary,

20 peripheral and cerebral, bone stimulating agents, central nervous system stimulants,
hormones, hypnotics, immunosuppressives, muscle relaxants, parasympatholytics,
parasympathomimetrics, prostaglandins, proteins, peptides, polypeptides and other
macromolecules, psychostimulants, sedatives, and sexual hypofunction and tranquilizers.

It will be understood that a wide range of hollow microneedle shapes can be used,

25 such as cone shaped, cylindrical, pyramidal, truncated, asymmetrical, and combinations
thereof. Various materials can also be used, such as polymers, metals, and silicon-based,
and can be manufactured in any suitable way, such as injection molding, stamping, and
using photolithography. The arrangement of the microneedles on the substrate can be of
any pattern, such as random, polygonal, square, and circular (as viewed facing to the skin-

30 contacting surface of the array).

In addition to the above description, the following patent documents disclose

microneedle devices, materials, fabrication, applicators, and uses that are useful or
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Domestic Pigs
Testing was conducted on female domestic pigs approximately 6-18 weeks old and
weighing approximately 10-30kg, and obtained under a 3M IACUC-approved animal use
application. During infusion and throughout the studies, the pigs were maintained under
20 anesthesia with isoflurane (2-5%) oxygen mix. The upper portion of the pig’s hip was
shaved first using a surgical clipper (clip blade #50) and then with a Schick 3 razor using a
small amount of Gillette Foam shaving cream. After shaving, the site was rinsed with
water, patted dry and then wiped with isopropyl alcohol (Phoenix Pharmaceutical, Inc., St.
Joseph, MO).
25
Serum Naloxone Determination
At ecach time point, 1.5-2mL of whole blood was collected from the ear vein of the
pig using a Vacutainer Collections Set (Becton Dickenson & Co., Franklin Lakes, NJ).
The blood was allowed to set at room temperature for at least 30 minutes prior to being
30 centrifuged at 1500 rpm for 10 minutes. After centrifugation, the serum was separated

from the whole blood and stored cold until extraction.
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60{57 9361 9]5;% ‘%SFOQB 34361431%%@ A Sciex API3000 triple quad mass spectrometer (Applied

Biosystems, Foster City, CA) running in positive ion mode using a Turbo lonSpray

interface, was used to quantitatively monitor the product ions resulting from the following

m/z transitions: 328.17 = 310.10 and 342.16> 324.30. The linear range for naloxone

was 0.1 to 100ng/mL evaluated using a 1/x curve weighting.

20 Various sizes of pigs were dosed, so to normalize blood naloxone levels with
respect to pig weight, the blood naloxone levels were multiplied by a conversion factor of

62mL blood/kg of pig weight and then multiplied by the weight of the pig at dosing (kg).

Final results are plotted as ug naloxone/pig.

25 Depth of Penetration in HGPs and Pigs
Based on the technical literature, and considering the size of the microstructures, it
was estimated that a force of 0.004-0.16 N per microstructure is required for penetration of
the stratum corneum. S.P. David, B.J. Landis, Z.H. Adams, M.G. Allen, M.R. Prausnitz.
Insertion of microneedles into skin: measurement and prediction of insertion force and

30 needle fracture force. Journal of Biomechanics. 37:115-116 (2004). To ensure sufficient

durability of the microstructures used herein, the array was pressed against a non-clastic

surface; tip bending occurred when approximately 245 N of force was applied to the array.
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W0O2006/ 062848; WXR007/002523; and US provisional application 60/793564.
Experinental The m croneedl e array device as descri bed above in connection
wi t h t he Wogorospadswas used for the foll ow ng experi nenPSTAISA0Q04TEE €S.

Ani mal Models and Skin Preparation Hairless Guinea Pigs (HGP) Mal e HGPs
were ordered from Charles River Laboratories (WI mngton, MA) under a 3M

| ACUC- approved ani mal use application and used according to that protocol.
Al ani mal's usW#hithe eierRiics thefyit gsiidjRveP Oveu Blgds DerriRg tkin Piggaertlsti ng was

conduct eq, dé&%ﬁdfg}gds%'ﬂﬁﬁﬁ fo uH{ag%kgHHrt kﬂ@é& Wd%&é% é@ﬁ%ﬁﬁctﬂ%&t angheel ghi ng

appr oxi mat and obtal ne approved ani mal use
appl i cat |Lmﬂerljaug tisgpel of ths ldepsthauﬁdletdpndmgmmthdmg quthldltb&ﬁ studéesps gs wer e

mai nt ai ned under anest hesi a of | urane  ( upper
portion GPPIREM @Sémﬂ%rﬁoo&%?évfmgwgoe Upaps, e 0%@6 tgaaP &tauﬁge%gk@r theelip
bl agle #5Q)ke§7'&ie ttlh@ﬂni’ﬁswﬁ f8r t%%rlll'oﬁgw?fmrcﬁﬁgédlé’aé\HQesehséc[TﬁérEm g&l{ﬂ uRf Gt lette

Foam shavi n eam After shaving, the site was rinsed ter, patted
dry and t%@rﬁ&%pe(dvmgmﬁ(h@p)r edypthdlhat cbdd coRhspend xo Etwr mwumsmlthe I nc

St. J h 1 At h t 1
of who! o BIGUR IS By ARG AT PamTLRE SEaroh SRt SEREgie] BPh g sids.
Vacut ai ngE wiplHue 6t uAMSstS6d tHaBRioABh BicGKRASRBII& heRht whS @kt 500 Lakas, NJ).

The bl ood was allowed to set at roomtenperature for at |east 30 m nutes
prior to%mah@em@ﬂfmnfetrg@m‘a@s E.ﬂl@@t)harlfmﬁth@tr 10 minutes. After

cepgr | fugat | Onfhet({%%th pene oniﬁwr) exgerlrnents were completed in both HGPs and in

domestic pigs; the results are summarized in Table 1.

Table I. Summary of DOP Data collected on HGPs and Domestic Pigs

DOP in HGPs DOP in Pig
Number of 6 6

applications*

Average (um) 210um 250um

Standard Deviation 30um 40um

(pm)

%RSD 15% 16%

* each application consists of 1 array with 18 measured microstructures

15
Fracturing of the microstructures was not observed in the force testing experiment

nor were any broken needles observed following DOP testing.
Figures 2A and 2B show an application site on an HGP after patch removal. Figure 2A
shows markings made by Rhodamine B dye that had been coated on the microneedles

20 prior to application. Figure 2B shows markings made by staining with methylene blue
after a microneedle array was removed. Penetration of the stratum corneum by each of the
18 microstructures is evident from the pattern of methylene blue dots in Figure 2B. No
blood was observed during or after application.

In swine, several infusions of up to 1mL were conducted using a sterile 5%

25 dextrose or 0.001% methylene blue solution. Once the formulation had been delivered,
the device was allowed to stay in place for up to 10 minutes while the back pressure on the
system returned to pre-infusion levels. Figure 2 shows the results of an 800uL intradermal

infusion of a 0.001% methylene blue formulation into pig. The skin is dry to the touch
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fromthe whole blood and stored cold until extraction. Roomtenperature
serum sanpl es were prepared using solid phase extraction cartridges
(Phenonmene®20lbasp@sce, CA). Cartridges were conditi onedPairtus2emeobeannl ( EMD
Chem cals, Inc, G bbstown, NJ) and equilibrated with reagent grade water
before | oading with the serum sanples. Serum was washed with 2nL of 5%

nmet hanol in reagent grade water and nal oxone eluted wi th 100% net hanol. The
el uent wedtcr Batrld eaneyal: ihexdepn blue e infugsd formudationyproodemd visead asysebnent ed
under 15%?ithé31.frea@ﬁ1&;itoge” in a 37C water bath. Extracts were reconstituted
with 5% acetonitrile/95%0.1%formc acid (A fa Aesar, Ward Hill, MA) in
wat er, transf dtigads BA anil Bahewt imdgegef intlaésnaEpyhesiciost 3 0.0é%thethylendNY) and

centrifuged at 14000rpm fo 0 mnutes. Extracts were quantitativel)
anal yzedgfﬁ%q ta%m}z | pl@éﬁi? g =mé§n%r:ﬁp89fé%?tlx,mtgpaé§* r&@ow%tffﬁé%pse
XDBs C 18 ol W, {/Aghl@nt Technol ogies, Wlmngton, DE) in sequence with a

Phenonenex C~ 8 Guard Col um (Phenonenex, Torrence, CA); the nobile phase
was 0. 1% f or miachbiwt spntorathe tshimi coricsmnds tocorfeafhaceigleteeh hebw anped from 95%

to 10% over 1 mninute,. Sci ex | 3000 triple quad SS spectr ter
(Ronl i od sy Ois o gy ofthotgae i Rria s BT BRI usi ng a
Turbo | on$RF Ade infih@ed, AEEHIuYRGIEBRITR, Sddialll ahthagbyd Zéﬂ)l:?-(i;?drﬁ) latdrh@hPugduct

ions resulting fromthe followwng mz transitions: - 310.10 and

3
342. 16- > tBewhgd disphpear¢disamdersangwouf ot inhkadx draé theedycactually sta@ed gf m_
eval uat ed _usi.n . X..CUrv i,ahting.. Vari,Qu |z f pigs,.wer.e dosed, so
Lo o b g S M R A MRS B P el e B R D o

nal oxone dxexndbd int@dentillidfifdn pattddys poscmfivessi on factor of 62nL bl ood/ kg of
pig weight and then nultiplied by the wejght of the pig at dosing ((kg).
Final resul ts &t ismeveled thshetpvhmiersisdiegiageh after infusion, a small amount (1-

3uL) of formulation is typically observed on the surface of the skin. When this fluid is
removed by gentle wiping with a tissue, no additional fluid is observed. A pinkish blotch,
15 the size of the hollow microneedle array, is typically seen upon patch removal, but the
blotch fades so as to become nearly indistinguishable within 5 minutes. A small dome,
again approximately the size of the hollow microneedle array was observed on the pig skin
as well. The dome yielded, but did not “leak”, under gentle pressure. The dome was
resolved, both visually and by touch, within 40 minutes of removing the application patch.
20 Observations of the application site 24- and 48-hours post application showed no evidence

of erythema or edema.

Example 1. High Volume Dextrose Infusion in Pigs
High volume infusions have been demonstrated in domestic swine. Connected to

25 the hollow microneedle array patch after application, the infusion system used with the

swine employs standard medical equipment to provide delivery of the formulation. The

hollow microneedle application patch is coupled to a Medfusion 3500 syringe pump

(Smiths Medical, St. Paul, MN) via a commercial, pre-sterilized Polyethylene IV

Extension Set (Vygon Corporation, Ecouen, France) that includes an in-line pre-sterilized,
30 DTX Plus TNF-R pressure transducer (BD Infusion Therapy Systems, Inc, Sandy, UT).

The Medfusion 3500 pump is commonly used in hospital settings and has pre-set safety

stop features. Pressure readings were recorded at a rate of approximately one
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Depth of Penetration in HGPs and Pigs Based on the technical literature,
and considering the size of the mcrostructures, it was estimted that a
force of WOQOW/WBIMS N per mcrostructure is required foPCpamsetwasi’en of the
stratum corneum S.P. David, B.J. Landis, Z. H Adanms, MG Allen, MR
Prausnitz. Insertion of mcroneedles into skin: nmeasurenent andprediction
of insertionforce and needl efracture force. Journal of Bionmechanics . 37:1
15-1 16 (DEOURMETHOEHS YEsesords cient Dauirassi PSPysabytiandfer fiection (Be#eur es used
herein, t r i f di ng
occur r ed AL RELE DU £ 555 ySRoD ity SR AR PR The D01 2Raub IR RS, R

t he excepbhmMnWhammpmﬂmKNﬁgmmﬂaam&meadw@hﬁh&&dppor&unmmﬁknmmns generally

regarded as bej simlar, to human s |n i n thickness, halr den
at t achnent toeltq%g%wa%mﬁuﬁf@ PPrspi ’Fne§tFPeP18%?ﬁH1i°’8’Fna¥qlﬁé dpivs ?rP %n the

pi gs used g ﬁlH?%ﬁI@&M&? 1b%0ﬁ§%9’8b%&1‘ dﬁd%ﬂ z{T’SMJ‘IVAé@Ct Eﬁ%ov%&’b!ﬁlﬁla! ’HsehumﬂnS
dept h of pe data indicdate that the |ikely dept I nfusion f

t he hoIIommhwﬁwonéhmMg1m®mpnesdﬂgemﬁher@ﬁmuﬁsmshgpgwweﬂ¢nmnnsn@BGMQBOmm
(average 250 h t oul.d correspond.to either the derms. or the
o1 der o snnnet wilh FRbihot (e g fn BoUET IR S0 duk SpPuabinet bt Bt g
during lHLMﬁmﬁﬂmiﬁ&tﬁ%ﬂéa&ﬂg@aM§mEad€ﬁ§b9ﬁQ#S@ﬁﬁﬂﬁh&h@ﬂ@@Sbﬁ@kghﬁﬁﬁneed|e
hei ght was about 500 nm the actual depth of penetration was about half of

that. Th elsmgm ymadf ampeuné of iiliatte F(oms)ha@ng erdarme midersbreng dhpsien e tirscdot h
H and | re s Table 1.
Sltrar o BRSSO R G e R LTS e PR Sshical o

con5|stslﬁé 3t. asgeply, MOyh 18 neasured microstructures Fracturing of the
mi crostruct ures mas not._observed in the force testlnqrexperlnent nor were
any broken neddd Bs118boép\aeldextiasq el map to 442 maly of mlgenesvasdelinercd i show

an appl i G h}%& ﬁipt forfbh BRnbHRiRS ek B?etsglne LRI tord! cgﬂﬁﬁua%@ during the

infusion to verify the absence of a leak in the infusion system. Typical infusion rate

15 profiles utilized in the swine is provided in Table II, below.

Table II. Summary of infusion conditions for 2 separate 1 mL infusions of dextrose

into pig
Infusion Max Infusion Rate Program in pL/min (time)
Rate
(nL/min)
1003uL dextrose 50 10 (5min), 20 (7.5min),30(10min),40 (7.5min), 50
(4min)
1003uL dextrose 75 10 (1min), 25 (2min),50 (4min),75 (approx
10min)
425uL naloxone 100 10 (1min), 25 (1min),50 (1min),100 (duration)
330uL naloxone 75 10(1min), 25 (2min), 50 (5min), 75 (duration)
20 After infusion, the hollow microneedle array was removed, leaving a small bleb

under the skin. This bleb disappeared completely within 40 minutes. No site reaction was
observed on the swine during observations through 48 hours post patch-removal.

Back pressure was monitored and recorded continuously during the dextrose and
methylene blue infusions. The maximum back pressure measured, along with infusion

25 conditions, for three infusions are provided in Table III.
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about 2% bioavailable when administered orally. Naloxone is well-absorbed but is nearly

aspheeomkl plcally a&rninlstered intravenously for fast response, naloxone is only

90% removed during first pass. Literature review indicates that the half life of naloxone in
human adults is 30-81 minutes and considerably longer (approx 3 hours) in children.
Naloxone is excreted in the urine as metabolites.

Blood samples were collected from the ear vein of the pig before infusion and at
specified time points up to 2 hours following infusion. The samples were prepared and
analyzed to determine naloxone level in sera. For comparison, naive pigs were dosed with
the same commercial naloxone formulation using either subcutancous or intravenous
injection. As with the intradermal infusion, blood samples were collected and analyzed
for naloxone levels.

Three different animals were used for the study comparing the PK profiles
generated after hollow microneedle infusion, subcutaneous injection and IV injection. The
pigs weighed between 10-22 kg at the time of dosing and ranged in age from 1.5-3
months. A commercial formulation (1mg/mL) of naloxone hydrochloride (International
Medication Systems, Ltd, So. El Monte, CA) was used for the infusion. Table IV shows
the infusion profiles used with the naloxone administrations performed with the hollow

microneedle device.
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Expaenple% Human Infusion SPud%f with dgxtrose

Using the same apparatus described above, a demonstration of the high volume,

high rate infusion was conducted on humans. During a human clinical trial, 28 subjects
15 were administered 4-6 sequential hollow microneedle placebo infusions to their upper

arms and/or upper legs. Back pressure was monitored continuously throughout the

infusion. Using a 10-point pain scale (see Figure 4), each subject was asked to rate the

pain associated with application and removal of the hollow microneedle patch; subjects

were also asked to rate pain associated with infusion every 10 minutes during the infusion
20 or at the end of infusion if the infusion ended in less than 10 minutes.

Figures 5, 9, 10 and 11 plot data involving pain based on the following pain scale.

No pain Annoying Uncomfortable Activity Unbearable
| | \ | \ \ | | | | |
0 1 2 3 4 5 6 7 8 9 10
No Worst
N Mild Moderate Severe pain
pain pain Pain pain imaginable
25 Of the 125 infusions initiated, 46 infusions equal to or greater than 750uL were

administered. Different infusion rate profiles were used during the study, encompassing
infusion rates from 10-433uL/min. There was no statistically significant difference

between the subjects’ perceived pain and the volume of the infusion. Table V
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was shaved first using a surgical clipper (clip blade #50) and then with a
Schick 3 razor using a small amount of Gllette Foam shaving cream After
shavi ng, wbeosvasesodas rinsed with water, patted dry andPCHAS20000et42M t h
i so-propyl al cohol (Phoenix Pharmaceutical, Inc., St. Joseph, MJ). Up to
ImL of 5% dextrose in water or up to 425nctL of nal oxone was delivered to
the upper hip portion of the swine. Back pressure was nonitored continually
during tHEMMHEESS G celseQeyr hiphest HHusps syiese indpsion V@ameraﬁdmélmwrlusr on system
Typi cal e able
™ Bl oui TR b i oF Syl bt Byl B e B A0 2T
i nf usi ongnfikiodext rose into i After i nfusi on, the hol | ow m croneedl e array
was renoved, |eaving a small bleb under the skin. This bleb disappeared
letely within 40 mnutes, No site reaction was observed on the sw ne
duri ng opkite s Supdnany of infusion pasametars By CAEOR. r enpval  Back pressure was
noni t or e i ngviBacieqt raeevand ntngmkent bl ue
i nfusi ong. smg@afmmsﬁﬂe (piANg WL h | [Ka4& uPhnin
condi tio OB US20nS[1a00% BT G 13h 'omﬁgr)-rso' BhE 139

atég :
Sunmary 4 Ision-caonditions Faor 2 ge 'mrm‘p 1 nd nfusionk of dexi#ose

into pi g EXaegoy 2(2Nal #xor?@ | nfL 6660 t h3.Reshlt iInd2Pi-1A80f | PB+AR a
effort t¢ bett@dufjuantifly the ipfusion,|]a | ng/nL dqommerci al | f ornul at jon of

nal oxone vr@fatdg@ﬁusamot nfo t4ee PH®3URING| 18870k oW} Ri7otQasepl pdRUg3devi ce.
Nal oxone fleceptor| conpetifive antaggni st used| primarily to

Conbat O .#ypl \J(A: : TAUTIT 11T Ot
i ntravenously for fast response, nal oxone is only about 2% bi oavail abl e

when adm nistered orally. Nal oxone is well-absorbed but is nearly
Figures 5-8 provide a distribution summary of infusion parameters sorted by

category. Figure 5 plots pain of infusion versus Category. Figure 6 plots maximum
10 infusion pressure versus Category. Figure 7 plots maximum infusion rate versus

Category. Figure 8 plots infusion volume versus Category.

Table VI provides a summary of infusion parameters for all Category 3 infusions.
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90% renoved during first pass.
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es.

Literature review indicates that the half
life of naloxone in human adults is 30-81 m nutes and consi derably | onger

Nal oxone

i's excrete

d

i Nt IRETAISRI18/064742
Bl ood sanples were collected fromthe ear vein of the pig

before infusion and at specified tine points up to 2 hours follow ng

I nfusi on._The sanpl es were prepared and anal yzed to determ ne nal oxone
l evel in Ts‘;@*‘?é’.l' PyRmay tHiafsigbpRramdsy andgags e e YbiseHr g tine gl oW mie
commer ci AU exonetorrttaie i —TstRaethe I’M—W ; enous
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commer ci 4T (b of MUk ay 1 eg3 (|l NOTL)| Okssnal ox@ng nyar i onal
Medi cati qn {Bystens| bdsd,| So. EI| Manate], GA) |wasousled for the infusi¢n. Table
'V shows [t he [ nkuws| ornoprlofides [used W that je nal oxone admjni sty ati ¢ns
performed with tune| had7l qw mocr dneed! e dewi de. ibablje 1V. Sufmar of infusion
condi ti onS 12 Of &l PX@dI€ |1 NTdSI dn AsCcofipanall Vves grjeph of nl oxone bllood
| evel s versus|tiume| bywsdql i very |rossze | siahdqwnsén |Fi gure 4] Pigs werle al so
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16 LuT 100 833 100 1002 138 2

16 LLT 583 833 833 1001 15.3 1

17 RA 50 833 833 1000 116 1

17 LT 583 833 833 1000 14.1 2

17 RT 583 833 833 1000 16.6 3

18 LuT 833 833 833 1001 114 2

18 RUT 100 833 100 1001 12.4 2

19 LLT 833 833 833 1000 12,0 2

19 LuT 100 833 100 823 14.3 1

19 RUT 100 833 100 1000 43 1

20 LA 66.7 833 833 1001 146 1

20 RA 50 833 833 1001 146 1

21 LuT 100 100 100 1000 15.2 0:10:11 2

23 LLT 200 100 200 840 16.4 0:05:30 2

2 LLT 166.7 100 166.7 1000 176 0:08:30 1

2 MT [ 1833 1167 1833 1001 19.3 0:07:12 1

2% LT | 2667 66.7 266.7 1000 156 0:06:30 1

2% LMT 250 100 250 880 15.3 0:06:00 1

2% Lr2 | 1167 116.7 116.7 1002 14.8 0:10:50 1

2% RLT 100 1333 1333 1001 16.2 0:12:10 1

28 RUT 200 200 200 1000 17.3 0:07:06 1

28 LuT 150 400 400 913 16.6 0:07:58 1

28 LLT 100 4333 4333 1000 104 0:11:14 1

25 RMT 150 100 150 970 20 0:09:00 1

25 RUT 180 17 180 1000 200 0:08:48 1

27 LuT 17 150 150 1000 18.5 0:11:00 1

27 RUT 183 167 183 1000 154 0:07:00 1

27 RLT 200 200 200 1000 28 0:07:38 1

27 LMT 117 333 333 1000 17.0 0:10:17 1

Key to site: 1-L/R=left/right; 2-L/U/M=lower/upper/mid; 3-T/A=thigh/arm
5
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subcut aneous admi ni stration. Exanple 3. Human | nfusion Study wi th dextrose
Usi ng the sane apparatus descri bed above, a denonstration of the high

vol une, hmwororeatsesosnf usi on was conduct ed on humans. Dur iPAE/US2009i6474Z | | ni cal
trial, 28 subjects were adm nistered 4-6 sequential hollow m croneedl e

pl acebo infusions to their upper arnms and/ or upper |egs. Back pressure was
noni t ored conti nuously throughout the infusiagon., Using a 10-point pain scale
(see Figure 4)Figeash-1d phptdbe rofdionshirebrtyect @fusiqnpainhaidvaioys afatieon wit h
applicati I ] I Li d r o SUD] -were al so
asked tolgg?%gggﬁﬁqgﬁs(g?géZﬁ?&g@%dﬁﬁéﬁéﬁgﬁ&ggéfgm%%éﬁ?ﬁﬂ@ggbgﬁbﬁﬁgpthe

i nf usi on wersuamaxireunafusivbn iprdssat ORigute thplotsfaisofOinfisivdedrius naggaumhhan 10

m nutes. [Fi.gures 5 .9,$é9 @nd 11 .Ig%.data i nvol vi ng, pai n based on the

fol | owi ng"BRIOA raigaFigurabl plotsparyp PIFEBIHY UL IOBNPRMEet i vity Unbear abl e |
| 151 0123456789 10 No Wrst pain Mld Mderate Severe pain pain
Pain pain imagi nable O the 125 infusions initiated, 46 infusions equal to
or greater thdhwilbbBerindeesteodtini viroue nefdresBinf mediénatiansfand aberatiaitsgo priof i | es

wer e used during .fhe study, enconpassi infusjon, rates from 10-433nl/ m n.
There. vadnfiop diil SFrn FFeubf FPEsiehip fis & n gl dGRating Rotols Sotts

per cei vedin@@pit 3R chid MeetRInU MEsHRl1d theurdefstoldARat tilig hv@nNESH ETHRE i@ Rled BY
category, highest infusion rates, infusion volune and maxi rum di sconfort

during i rircusioly iroited owe ibubpeed embastwrpnts rd hiaghplesotct frst teasia god §has,
>7?(9 ) 'sﬂ]éllfl k4 np es él;l%belmeoo\éimesnlf%rpreosfent'eg fbg%\;a%)lnof %&?n’lﬁte%ﬁy vpzitﬁ ﬁlteesc(oj]gge of

the invention intended to be limited only be the claims set forth herein as follows.
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Figures 5-8 provide a distribution summary of infusion paraneters sorted by
category. Figure 5 plots pain of infusion versus Category. Figure 6 plots
maxi num iwbusicsIgsessure versus Category. Figure 7 pl oPSTAB00907T4NT USi ONn
rate versus Category. Figure 8 plots infusion volunme versus Category. Table
VI provides a summary of infusion paranmeters for all Category 3
infusions.Key to site: 1-L/R=left/right; 2-L/U M=l ower/upper/ md;

3-T/ A=t hi‘é{ﬁﬁéﬂfﬁﬁ gures 9-1 1 plot the rel ationships between infusion pain
and various infusion paraneters for Category 3 (750-1000nL) infusions only.
Figure 9 plots pain of infusion versus maxi muminfusion pressure. Figure 10
pl ots pailn of A nfetizidaf rygd shigh-vabinmintdadémsil orfugiod @ithmhiginmaa paibpl ot s pai n of
i nfusion versus infusion volunme. It will be understood that various

unf or eseéMWBAIet cati ons and alterations to this invention will becone

apparent to thd%?ﬁ'\ilﬁéd el cilfﬂOttQQthgH%\\O'irﬁiB%%ecﬁ@sqga"v%ﬂ eﬁ%ﬁ’@f&ﬂ%te%@tﬁlﬁe and

spirit of this tion.” It shou e understoo at this invention is
not i nt enld8dmtto l¢ze thandumry ihto i skain biya pteeni, Withst matroneederspadingrehtslecand
exanpl es set. forth herei nd that such exanpl es and enbodi nents are
present e&ﬁml'awwa‘é%{%?&egw%% J%lelftt@]tcﬁoéleg@g%e of the invention intended

to be Iinited ppnderchieteh 2008 setiuiflokbbehektoNoRsniRinbanss M wleairm 1. A
nmet hod of rapid, high-volune, intradermal 1 nfusion with mniml pain,

conpri si rggeatergpiny?hglarinarray of 10 to 30 hol | ow ni croneedl es having a
Iep(gth of greater than |OQumto less than Imminto the skin of a patient,
W a mcroneedl e spacing of no Il ess than 1.5nm on average between

adj acent 2m cr oreedtiisd oPelalpi NovIgreiatier artdyains 20 @iR0 @ficrohetddtkst hr ough t he
hol | ow m croneedles at a rate of greater than 20 uL/mn. 2. The nethod of
claim1l, wherein the array has 13 to 20 m croneedl es. 3. The nethod of

claims 10r 2, rphglRbEof D&inlA SOV WHeFERBRGRBIES, MRV AN N KA Gverage
channel bore of 20 to 50 um? cross-sectional area.
15
4. The method of any preceding claim, wherein the microneedles have a length of

between 500 um and 750 um.

5. The method of any preceding claim, wherein the microneedles have a spacing

20 density of 30 to 50 microneedles per cm®,

6. The method of any preceding claim, wherein at least 750uL of fluid is pumped

through the microneedles.

25 7. The method of any preceding claim, wherein the fluid is pumped through the

hollow microneedles at a rate of at least 400 uL/min.

8. The method of any preceding claim, wherein the back pressure during pumping is
no greater than 25 psi.

30
9. The method of claim 8, wherein the back pressure during pumping is maintained at

20 psi.
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channel bore of 20 to 50 urn2 cross-sectional area. 4. The nethod of any
preceding claim wherein the m croneedl es have a | ength of between 500 um
and 750 uwop 2810/0Fb@smet hod of any precedi ng cl ai m wher ePATIUsSR00%I0647dneedl es
have a spacing density of 30 to 50 m croneedl es per cn2. 6. The nethod of
any preceding claim wherein at |east 75QuL of fluid is punped through the
m croneedl es. 7. The nethod of any preceding claim wherein the fluid is
punped t hrough the holl ow mcroneedles at a rate of at |east 400 ulL/mn.

8.
The meth of ' [ unpi n
'm0 grodt or TRERAGEFEEBAE D OERRLR ! F rBoh-RRIRLE Bn ERENEE RTP! 1O
pr essureldwmm@lqoudp\ivﬂgofaaclmﬁmtoaéerm at 20 psi.10. The nethod of any

preceding claim wherein the m croneedl es have an exit hole |ocated on a
sidewal | of each microneedle. 11. The nethod of any preceding claim

whegei n the mM-p{ONGREN 66, @éerdﬁi%eclzithWhé%ﬂl %@‘rﬁﬁoﬁ@&ﬂé&"@e‘n@&&e g fgy m s.

12. The nethod of any pre ding claim wherein the mcroneedl es are spaced
an aver agen gf 4Gt urh ets thodammsapart from each ot her.

12.  The method of any preceding claim, wherein the microneedles are spaced an

average of at least 2 mm apart from each other.
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