WD 03/ 076006 PCT/ US03/ 06833 ELECTRODE ASSEMBLY FOR CONSTANT- CURRENT
ELECTROPORATI ON AND USE BACKGROUND [ 0001] The present invention relates to
a nodul arwelsetrsode system and its use, for facilitatingdriesos/nssdducti on
of a macronol ecule into cells of a selected tissue in a body or plant. The
nodul ar el ectrode system conprises a plurality of needle el ectrodes; a
hypoderm ¢ needle; an electrical connector that provides a conductive |ink
froma programrabl e constant- current pulse controller to the plurality of

needl e el ectrodes; an_ inpedance neters;: d C n eferred
embodi rrenFL@FnR@DErMBPXMi%ﬁé%ﬁgb‘éﬁgwgﬁigﬂr@ ?héﬁBRLr ality
of needl e el ectrodes that are mounfe® HiEa support structure and firmy
insert the therinto the selected tissue in a body or plant. The

macr onol ecul es are then delivered via the hypoderm c needle into the

sel ect Edqﬁiégltﬁzoﬁ programmabl e constant-current pulse controller is
activate constant-current electrical pulse is applied to the plurality
of needl e el 6001pdesThePnesertplentsuh relotes toamodolar eleattodesdystemy andath ugsufos e
facilitatges,the jntroduction. of the cronp le.into.the call t ween
the plur af‘?‘l‘?p‘% l[hgll t5?4ﬂ8té°éls& aC%WO[H(élg{ruEe ﬁgoeceklg%gelg?lﬁcé% t|lstrsllé;e mga]?o O%BFS is
prevent ecplint. Thethbddulg eledodzdpstan torhgriseeysiualityldéiheedle elecirodes @ hgpodkaEsSi ve
heat i ng. use of a trl;;}nsmanbrane

0002] PBroadly, electroparation is th
ol ect r e Topdrams oAl ineci ek e ascue R R bearuedle -
bi 0- menbr@nent phite SentRMEAS tRAUrEIRYBDIE e cleattddes] an RhRAAICORGEE Snd a poRt I
presence all ows nmacronol ecules, 1ons, and water,  to pass from one side of

the menbrighees gniehirefsrd embagiment ff the Prasprs riaYINGAN HRSORSERST @8 APINF nt r oduce
drugs, %@rity%mgédlmh&w&@&.aﬂ 4 Hloﬁ%{le& ba ﬁ@i_lﬂﬁggt%fméthl%saﬂeﬁm@qgsem}{e prove to

be an effective for the treatnent of certal i seases. However, the use of
el ect r opchermitothe seledted/tissee ivradady ermanthibe wavremglecyesodse theg deliveeadyéd ng cel |

deat, e 3R AL BRIGE ShEdkd\l 0 bR bl o g 070
extrenmel yc_onirblllﬂ'rﬁsaldtiwitéd‘nnp comstangturrent dedinappulsd is applindtohiegduralitpofneedic essi ve
b ocess. GRePRR: rEAPRITIST e AR IFERHISE Qe Boies U MEaHEE e
equat i onsmacdvtéiasleculPdteihé éedllbethideh the prueatity vidldcaodl. Cal Rppldued odahatisg t he
el ectrodes inplanted in a tissue, It generates an electric field ("E"),
which is qfwéll%ﬁg Igrqvgged by limiting the current to levels that do not cause excessive heating.
[0002] Broadly, electroporation is the use of a transmembrane electric field pulse
to induce microscopic pathways (pores) in a bio-membrane. These pores are commonly
called "electropores.” Their presence allows macromolecules, ions, and water to pass from
one side of the membrane to the other. Thus, electroporation has been used to introduce
drugs, DNA or other molecules into multi-cellular tissues, and may prove to be an effective
for the treatment of certain diseases. However, the use of electroporation in living organisms
has several problems, including cell death that results from generated heat and the inability of
electropores to reseal. The beneficial effects of the drug or macromolecule are extremely
limited with prior art electroporation methods where excessive cell heating and cell death
occurs.
[0003] To better understand the process of electroporation, it is important to look
at some simple equations. When a potential difference (voltage) is applied across the
electrodes implanted in a tissue, it generates an electric field (“E”), which is the applied
voltage (“V") divided by the distance (4~ ) between the electrodes.
E=V/d



voltage (" V') divided by the distance (1") between the el ectrodes. E=V/d 1
WO 03/ 076006 PCT/ US03/ 06833 [0004] The electric field intensity E has been
a very i mpomnsardos/al ue in prior art when formnul ati ng el ecPCcopuspEIGS8EN
protocols for the delivery of a drug or nmacronolecule into the cell of the
subject. The field intensity is inversely proportional to the distance

bet ween the electrode in that given a voltage, the field strength

increases as t[gp4fi SUARGFec m&mténtt?ygﬁtse&etﬁgégglmﬁoﬁﬁmﬁaéﬁqmom»ever a

caveat is that electrlc e can ‘be gener at in atissue wth
i nsul at edwh&nefonmaims e(qctreporatioowrmcoilsdnsthfr delivety of e daregnmpcrogolecelaingo an

e ectrlc b ehilrme splEOYRIAR In R s Helsly BROBAIAM Pifc liBERIKervlebn thE L N

fl ow of i0ORS ens ropor es ows novenent nol ecul es
i nto the dedtode af that sivéyj ecvblt;rgar ihag'netdl exehgtb pooreasesoas. thd distanfd batwedn thé ectri c
charge i uct or or di um bet we .erence in
pot enti al el?%“’ﬁ%ﬁ‘? reaped- k@?vteé‘ﬁtaca’fﬁ‘é's ]EﬁIP’\gﬁf&ﬂ%ﬁﬂé8W%§Ig8'g??at%%8§fnfsge achi eved
by the i oRih @sulaiadl@add@agitl 16wsofiionst ifaot he@bany torkreatd anastecttirr fleldyong

ti ssues and patients. Furthernpre w of conducth% ions in the

the. fl
tissue cahlthoughgel vwetingobedpwrd bydheosy, ?‘r‘%ﬁ? 8%‘ ob 1095 hat epgnLife elRKroPaTE et r i ¢
pul se to {fae1804d mdlehbtft of hiRtdclle§ i he @elld SQA0RbjeW R Rink iefstiSfordiRUE The SR |

proportion conducting ions, resistance is increased, heat is generated and
c el | s ar eflgay pf eertricrhargs in aﬁp@}aptoégrsz@@iutm BetmeemipNoneiHs pavinges differenceun r ent

), é&t@rgﬁ 1(s"cy}c)d’ thg'aﬁirré ‘?S'I‘ﬁE 3eén elgctrodyg fs aL:QQQch] Ttlﬂgl %'rSt ance

|n the tissue e ween ectro es Var:es dependi ng on arged
particl esclmrgedpmlclbhmnm trssuetshulsg:h taneanyagiosg assoes and patlitht iFsshnemonatthges from
t he begin

of rlc uIs to the e | se.
[ 0007) el ¥ fegoPductigioR SRSy fines paspSeni i Pisa SOt Gl P
conbi nat i glecté pulfe&snl&taxﬂcbétmmbcfr&qmtsance and i s rreasur ed in ohns), and is
proportional duct of .the current, voltage.and pul se dur.ation
Feating can alWSe CHBFEswEs bovs pemell Eperian poESCing ah S SAogRI e
duration fncfeased! he’ﬁ?)& gdneFatRXaPdeBs afbUKillRD Ehafd 20PN padsbRNhé hetativasttip ng or
power ("W, matts) enerated in the supportlng ti ssue can be represented by

the foll obthg:n cugenrit(iloh:voltage (“V”), and resistance ("R’
R=V/I

[0006] The resistance in the tissue between two electrodes varies depending on the
charged particles present therein, thus, the resistance in the tissue changes from the beginning
of the electric pulse to the end of the electric pulse.

[0007] Heating is the product of the inter-electrode impedance (i.e. combination of
resistance and reactance and is measured in ohms), and is proportional to the product of the
current, voltage and pulse duration. Heating can also be expressed as the square of the
current, and pulse duration (“t”, time). For example, during electroporation the heating or
power (“W”, watts) generated in the supporting tissue can be represented by the following
equation:

W =Rt

[0008] Broadly, prior art teaches that metallic electrodes are placed in contact with
tissues and short pulses of predetermined voltages are imposed on the electrodes initiating the
cells to transiently open membrane pores. The protocols currently described for
electroporation are defined in terms of the resulting field intensities E, which are dependent

on short pulses of voltage proportional to the distance between the electrodes, and regardless



Wel (err)Rt [0008] Broadly, prior art teaches that netallic el ectrodes are
pl aced in contact with tissues and short pul ses of predeterm ned voltages
are i nposwo wn7dobe el ectrodes initiating the cells to tracTEsasbaessdpen
menbr ane pores. The protocols currently described for electroporation are
defined in ternms of the resulting field intensities E, which are dependent
on short pulses of voltage proportional to the distance between the

el ectrodgge, A&gﬁﬁ LA rgm%f{& 03t &Z&%mﬁ)ﬂé K038 3he éi’éctr‘éwrﬁt@d‘t

Accor di ngl y, e resistance eati ng cannot be determ ned for the
el ectr opmsateedhlch leadite vandd sgbpesse\axﬁsdlf erenipulssd veltage elsetragioratiog pfoteolsnt  pul sed

vol tage elect orat.i on per
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facili tatpeoteééleuhﬁtifm&liteteeﬁbcrtwpeleattopmratiandncééleutttopoxpt)matrotonolptlmtozausrl the t hat
cause the  cel|ls to die are ver

correl at {6 1044 HELATY \ﬁé’&‘%’ﬁ?@ké Heﬁﬂéeaﬁoﬁe%? O%h‘f%ge%ﬂ%sefvﬁglbﬁtggﬁ ng of

cel | s caured dntell1gnd{hP GkatinignificeBEusédible the Qippérhiemi Adiplitude0bft thgshgtil ses.
Thus, the over heating of cells bet\/\ﬁ%g across electrodes serves. as a

pri nci palVvoltaggpsuses. orhug, ﬁ]é" QveRterites ohealirdetvesn adinss clictiedes SFTEesa BBICRA on

vol tage Rulisi R ME %&@éehvene&%f Qﬁ¥ T%Ne% elteaﬁope%bﬁr\tonbget Pﬁ@ﬁgeﬂ)@%aodes
serves as a primary determ nant o eff éctiveness of any given puI Si ng

pr ot ocol ,Funtbermane the|quzrget baiwesss elepirodes setveoae . PIOEYofeteuRanglofcthe  city i s

delivere can be

accur at e%ﬁftegl‘;seggsls%g%l)ﬁ% {eﬁl lﬁﬁ%lgt%hé?%dgﬂt El%ﬁgg,eaj\/\ﬁ)l%%:ﬁ)%itegelcﬁhe current ("I")
and the tine [¢009]), Whami@muyyuscﬂeilmedtorﬂmdeusoﬁ@suibjtct[tmﬁlKIS@ﬂefeCUhEy current
i s not constant case | GLrQ t presents
the tine qaﬂ@%ﬁﬁpgfaﬁ*dﬁsmqe i} fgfras (th}s}% ?Q ?’ha}%@el F%t?(la ésr%l t%tﬁe§ i ons or
ol ecul eg;+”),hetaiag kdtha fa@midat ar f ashi on. For exarrpl e, when silver ions are
deposited on an el ectrode to define the standard unit of electrical charge
(the coul onb) My t he charge, as defined above, is of inportance. A
certain mninumvol tage nust be present to generate a current, but the
quantity of i qmoqiepqsﬂfeednam v to3&nt]as Brthe dasdlinfptionuaclpeteopdiars, P ned

VOl La0e SR SRR Rl Y oL, Gt Ll Shatecd part Cles delwered o
the el eCty.Q£lRSn a similar fashion. For example, when silver ions are deposited on an electrode to
define the standard unit of electrical charge (the coulomb), only the charge, as defined above,
is of importance. A certain minimum voltage must be present to generate a current, but the
quantity of ions deposited can not be determined from a pre-determined voltage.
Correspondingly, the quantity of charged particles delivered to cells in an electroporator can
not be derived from the voltage imposed on the electrodes.

[0011] Although electroporation is widely used for laboratory gene transfection
and gaining increased importance for non-viral gene therapy, it is generally employed using
trial-and-error optimization schemes for lack of methods to predict electroporation’s effects
on cells (Canatella PJ, Gene Ther 2001 Oct;8(19):1464-9). For example, it has been shown
that the efficiency of plasmid gene transfer to skeletal muscle can be significantly improved
by the application of an electrical field to the muscle following injection of plasmid DNA.
However, this electrotransfer is associated with significant muscle damage that may result in
substantial loss of transfected muscle fibers (McMahon JM, Signori E, Wells KE, Fazio VM,
Wells DJ.Gene Ther 2001 Aug; 8(16):1264-70). The reduction of the voltage used in the



[ 0011] Al though el ectroporation is widely used for |aboratory gene
transfection and gaining increased inportance for non-viral gene therapy,
it i s gerwoaBlysoesrpl oyed using trial-and-error optim zat ipomn/isohessss f or

| ack of methods to predict electroporation's effects on cells (Canatella
PJ, Gene Ther 2001 Cct,-8(19):1464-9). For exanple, it has been shown that
the efficiency of plasmd gene transfer to skeletal nuscle can be

si gni fi captdnyauk 2k Q%GE in Y ddcRBs@RPhu6Ad URRaRf wah £L&febmitam! rediicBbAl ik 0 t he
nmuscl e foll ova ng 1 njection of plasm d DNA However, this el ectrotransfer
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substantial | ft | ' i, E, Wells
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expr essi ARPEP B StchAhe sl prdestiYedecr ease in the nunber of transfected
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that there is . a threshold val ue f. he pul se . intensity bel ow which
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bet ween the upper and lower |imts is so small that it is very difficult
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toward an el ectroporation appara ustrate the useful ness of both an
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6, 302, 87 4lécwriaallyakdiaed apitahdpliveay wf agents f@l esmetic applicatias; SUSK] Ravgt cal

delivery nts for cosmetic applications, U S Patent 5 676,646, is a
how & ht cuBH Bbet e SRHREEbFletpArEPh ST e R mateule LY RE o 1 | vi g
bl ood celdigoddelifofRhaii@itiu.S Patent 34 EM01 & 6243,48Ddes&itfes 2mdthd8 dndippaaiubes a
nmet hod and apparatus for electroporation nediated delivery of drugs and

genes. MiPeelsgippRtienmediated dolivapsehidrags agd sepes-Here spreitigapu Hisy describy 4

el ect r opafahbPihd HBEARY fdr eifoporhtiin th&r8S (“BETHUIPStihE GRAGS trBMediby a

conbi nati on of electroporation using the apparatus of the invention and a

chenot hercepwinatien ofglentroperaticsausingdhs appaiati opthe inyentian and aghgmothemmutipat ent

6, 216, 034égeﬂe&ﬁ§eidqg&e&ioge&fr}&qorgfin vivo;, U.S. Patent 6,216,034; describes a method of
programming an array of needle electrodes for electroporation therapy of tissue; U.S. Patent
6,208,893; describes an electroporation apparatus with a connective electrode template; U.S.
Patent 6,192,270; Describes an electrode assembly for an apparatus and a method of trans-
surface molecular delivery; U.S. Patent 6,181,964, describes a minimally invasive apparatus
and method to electroporate drugs and genes into tissue. Using electroporation therapy
(“EPT”) as described in the invention, tumors treated by a combination of electroporation
using the apparatus of the invention and a chemotherapeutic agent caused regression of
tumors in vivo; U.S. Patent 6,150,148, describes an electroporation apparatus for control of
temperature during the process, by generating and applying an electric field according to a
user-specified pulsing and temperature profile scheme; U.S. Patent 6,120,493, describes a
method for the introduction of therapeutic agents utilizing an electric field electroporation
apparatus; U.S. Patent 6,096,020, describes an electroporation method and apparatus
generating and applying an electric field according to a user-specified pulsing scheme; U.S.

Patent 6,068,650, describes a method of selectively applying needle array configurations for



programm ng an array of needle el ectrodes for el ectroporation therapy of
tissue; U S Patent 6,208,893; describes an el ectroporation apparatus with
a connectwoasphi@oé r ode tenplate; U. S. Patent 6,192,270; Dbezarsobes3an

el ectrode assenbly for an apparatus and a nmethod of trans- surface

nmol ecul ar delivery; U S. Patent 6,181,964, describes a mnimally invasive
apparatus and nethod to el ectroporate drugs and genes into tissue. Using
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field acd6FHi™fiYy to a user-specified pulsing schenme; U S. Patent 6,068, 650,
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4 WD 03/ 076006 PCT/US03/06833 in vivo. electroporation therapy; and U S
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bet ween el ectrodes that are enbedded in a tissue can
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[0016] The difficulties present in prior-art electrodes stem from the fact that the

pulse energy is concentrated in the center of the array, the point where the material to be
transfected is deposited.

As a result, the spatial distribution of energy delivery assumes a very non-uniform
character. Therefore, only a fraction of the cells in the volume encompassed by the electrode

assembly is electroporated.

[0017] Thus, there is a need to overcome the problems of prior art by providing a
means to effectively control the dosage of electricity delivered to the cells in the inter-
electrode space by precisely controlling the ionic flux that impinges on the conduits in the cell

membranes.



heat is tissues that can easily kill cells. For exanple, a typical

el ectronic 50ns pulse with an average current of 5 Anperes across a

typi cal |wed3iompedance of 25 ohns can theoretically raisecrhsos/edssper at ure
in tissue 7.5C, which enough to kill cells. In contrast, the power

di ssi pation decreases in a constant-current system and prevents heating of
a tissue, which reduces tissue danage and contributes to the overall
success of the procedure. [00161 The difficulties present in prior-art

el ectrodes stemfromthe fact that the pulse energy is concentrated in the
center oPUMMARYay the point where the material to be transfected is
deposi ted. As [go18psSuldne bbjectSeTathisainvetitiohr isbiot providefaneslestiode dpdtérvefoy assumes
a very non-uniform character. Theref only a fraction of the cells in

the vol uRSCEARRRAERdat iaion dholebuery of slecticashetey 1 ESwei BRUREIGE. [ 00171

Thus, theg&rdssha teGdrdyAoQVEic AR iEN@nRsERl yemwah tRY dpgper Aldtlowt 1RERYT di ng a
means to effectively control the dosage of ‘electricity delivered to the

cel | s i n théteby meedingdncseasedrdectroperadonyifigierd¢ssel y control ling the ionic flux

that 1npinges éﬁﬂgljhe %Qﬁgthﬁxg%ﬂj%%%gﬁ&kéen% Px‘%t {oA"E %o gﬁw%ﬁ@ A31Q46806

PCT/ US03/ 0683 MVA e obj'ect I'sS 1nvention is to provide
an el ect rsgstems st elevtfaporatieh elsavingper ednfigoratiomt off pin lelectiodes wherebleltheyery of

el ectrica ner to.ti.ssues jn.a nner. that. assure he rgy dose
del i ver ecfllqcfrggor sl?“ésteelﬁt%}rf/&%de?%%e% erdpper legtrrlodise Sl\ﬁ%rt}l{lﬁﬁrﬁ ?lg?a ﬁp??er eby
provi di NnGetwteh anped «dcroldd¢saoey mt pas tiedighcheseaice st the Dkted méetonmidetiker obj ect

of the present invention is to oyi de an el ectrqde, system for

of ect r opciat P B RATIE e ERF SSEISHR ¥ BHepemeraded nd Bus BoNdrskenytthe

el ect r opohatieqfinbet SeellSwhich elofsh dAsigi¥ee Bnd hhs @istroRdSVHEE BEthe QERStHICh t hat
the direct line between any two el ectrodes does not pass through the

cent er ofmaximizing themamben el eyl thatulicebetweey thepes exteemes yyhigh, aretadedyptshber of

cel I's thal.areqYfighs 8P&fHbaRd and thus not el ectroporated and the nunber
of cells \Me“llI%CZE are ofler energi zed and thus destroyed while at the same tine

maxi m zi ng t hd0020hberStidfangtbkd abjechefithd reseitanvention is tegsayidgasmelhsogledhnith are
adequat el dbse cea?t%r%ﬁiglgac%gpqs i Qﬂ?dax%h&é}to; SRe’ g%gr%gmc configuration from a syringe or
other suitable injection devise on the inlet end of the carrier. The carrier further accepts a
standard luer or other geometric configuration of a hypodermic needle or other suitable
introducer on the outlet end of the carrier. The carrier can then be attached to a syringe
containing saline or other suitable perfusate and to a needle at its other end and the saline can
be used to flush all of the expensive macromolecule in the container into the living tissue.
[0021] Another object of the present invention is to provide an electrode system
for electroporation having uniform pulse energy distribution.
[0022] One embodiment of the present invention pertains to a modular electrode
system for facilitating the introduction of a macromolecule into cells of a selected tissue in a
body or plant. The modular electrode system comprises a plurality of needle electrodes; a
hypodermic needle; an electrical connector that provides a conductive link from a
programmable constant-current pulse controller to the plurality of needle electrodes; and a
power source of alternating current or direct current. The plurality of needle electrodes are
mounted on a support structure with a configuration for penetrating the selected tissue. Ina
preferred embodiment, the macromolecule are injected into the selected tissue with a syringe.
Together the plurality of needle electrodes and support structure form a needle electrode

assembly that can be mounted on a non-conductive handle. The handle houses an electrical



100201 Still another object of the present invention is to provide a snall
sealed unit dose carrier, which accepts a standard |uer or other geonetric
conf i gur awpag/ofqueen a syringe or other suitable injectionpdeniss®0asss t he
inlet end of the carrier. The carrier further accepts a standard |uer or
ot her geonetric configuration of a hypoderm c needl e or other suitable

i ntroducer on the outlet end of the carrier. The carrier can then be
attached éoﬁn&to%yﬁérﬂgtﬁe rfeemreaelswage %édemﬁy oY aoe&]ﬁfanfswrﬁeabl ﬁls@f‘g;]fxé%&téﬁ e and to
a needle at 1ts other end he saline can be used of the
expensi vesuhsysteovwrdhebandle is dﬁsmmed oenevaderraiseraneesymeans foy mgartting theameedl90211

Anot her Oé?éc?rgae ?sfserﬁttlﬁ 1%%5&"1‘&@{1'1}’5?&“ ﬁtﬁlzlit?onp& dd{é ga n@eldfecélf grggezsySt em
for electroporation havi uni torm pul se energ ution

enbodi rrernssanfbly h@u’@l@d@ﬂtmacmrmﬁd:qutmnpemdnmartsdgﬁ)wahnlmlﬂld and glicletelade system

for facilitating.the introdu tlon o o

sel ect ed Ifl?lgé%%lgfhﬁqﬁndlﬁc?i}ﬁw he ¥sghfo qullﬁlgaﬁé%f %lr% G(Laé}agl&tt gﬁgyeé?cérl%dcomrl ses
a plural idssemly.needl e el ectrodes; a hypoderm c needl e; an eI ectrical
connector that rovi des a conductive link fro ramm | e

const ant - cur r é8#23pul e&@}ﬁf%—ﬁw&ntP@ng?gergqomugﬁxsf ﬂ%sé:BP%a“éF‘ér&ef‘F odes;

and a pPQRes BAWE&GEat WasBdnly WD dlekidtics Hftheﬁ&edqyewbtlroa@bss@mmryeme cohltgntpl ur al i ty
of needle electrodes are nmounted on a support structure with a

conf i gur sRurTeRf PRise senerriersalsypigmicaededivera decenirglized¢pastantipugrent pulsg taap grga

embodi menyy, hEg% TRAH BIPl ]%995 réloh (%\Bhgﬁ;gﬁ%s' @t Rt tdiGe1SE! GiRenlkSSHE With a
syringe. oget er the plu Ity o e el ectrodes and support structure
forma ne&ﬂlilzsicmlCé@tcpm!l@t-cassém!blsyhasrﬁaveraialldvm%amgvﬂr@doow,@nne@aotag@luct ive
handl e. The ha e q PCT/ S 833
connect orbefnrgo eg lﬁ%ﬁ?ﬁ én&ell ec?eg&edle d%%ls]enbhg%ecyog orgtggﬁ gﬁgc% ?lgr{l}%ppul se
gener at oremlﬁ)ubﬁgnsbeme ﬁ'xh&nhmdhtmu sllosesthg aeutketmoqmﬂarvaleieroae sNsem &nbeasy
nmeans for Ian edle | ectrode assenbly into a selected tissue.
The util |p£’étP 6an ?pe t Yi%é F‘%erﬁ% e el ectrode assenbly, a single dose

nmacronol ecul e [poP4pCt | ArdticReinbbdfeniMf tHe praestlitventditlis g whetiod el ReiERtingOUNt S ON
the handle allows the user tq quickly attach and. detach the needl e

el ect r odehe gaspeheia mf‘@@f?@f"‘#ﬁé‘t‘b%% P%ﬁfﬁeleéi‘ifi figsve ipihe Sedy@rpdankt Bieflyybsy st em

provi des £0 t €, es of
Phe necdl 5 Srca G A0 the pUARg T AELE PlcRiacl BT ar Mo of Pl

subsyst emtremredesnd ﬁ@mlyanm}bmtthamlz@dtheéﬁlgﬁtemttls%@rmem opupsplaple dhe ar ea
macromolecules are then delivered via the injection needle into the selected tissue. The

programmable constant-current pulse controller is activated and constant-current electrical
pulse is applied to the plurality of needle electrodes. The applied constant-current electrical
pulse facilitates the introduction of the macromolecule into the cell between the plurality of
electrodes. Cell death due to overheating of cells is prevented by keeping the constant-current

below a certain critical value.



of a tissue such that el ectroporation overlap points to not devel op.
Furthernore, the wutilization of a constant-current pul se has several
advant agesomsereops i or art, one advantage being reduced heatriusgs/edsss
subsequent death of the electroporated tissue. A further enbodi ment of the
present invention allows the entire nodul ar el ectrode systemto be

portable and operated via a battery pack. [00241 Anot her enbodi nent of the
present invention is a nethod for facilitating the transport of a

macronol ecule into cells of a selected t] .n ody or plant.
Briefly, an operator %%WFgP%SRE%EI@ﬁ&}Faﬁ‘ﬁD%WMe el ectrodes that are
nounted on a support structure and firmly insert the theminto the

sel ected tissyeo2sp a Higke 1showl amnélectibdearrayeaiitbarice artlusing aixeldctredes del i ver ed
via the inpjection, needle. i rht’eo t he seleged tis rammabl e
t

.. The .
const ant -tRi5F PBPRSCH ARiEe 1t Sithep dpRicts pSing ‘fe\‘)g?lé?ﬁa gf?&“‘éfl?ﬁ%“["gﬁ%gr&?r ROt

el ectri cahhictPidifeeher fiRd drelle herdsRPattdrhl (Rkirdtyd;0f needl e el ectrodes. The
applied constant-current electrical,  pulse facilitates the introduction of

t he macr onol ed28] | ntkigune shepp opeelgeseaderariay gf therssest ipyentigh uying B¥es. Cel |

death dug,d@,03efGAhdriEpitls Ho®'d s?rrf-n%_trﬂfaﬁy @Hﬁrﬁ‘%@d R¥edtEaRindde LIRS without
constant-current below a certain critical value. 7 WD 03/ 076006

PCT/ US03/ pp6gE: paBRF-EPrORCERIFENTNZSIDANER MRARMNSt{opoREPn Fegiiin & aresshows  an
CLrre! OrSwih A Shghlif BELehoRlby WREAG BbiiisShABpOMRPHAD ot HEFGE AP0 C

pairs. It further Icts a’single ce I'ze ectroporation overl ap
poi nt, wicenralisedtphterneersemblepapaitagoh; t he asteri sk pattern illustrated;

[ 0026] Figure ows_.one el ectrode arr of e present invention using
five electr od@.slrl t '%?‘ieh:gfﬁ%i”bet gle ﬁ%&ssfgmfi&?yc&?tﬂfegﬁﬂ? é‘}."d‘&ﬁ“%eem e
el ect r odepradkeRinddlidipuieedlopiiasi Ng pairs can produce a decentralized pattern

during an el ectroporation event in an are \é\ﬂ%ﬁr,e no conglru nt
el ect ropor at i d9028 er | Eigursdishows aferreseniationf apglgrtsn! sonagrieyfagdigassembly

decentral§zied Rt Skt IS RLAR SedRut A8RMDIY, QA& &l syRhgir Thid AasisoNe
el ectrode assenbly array with needl e nounting bracket, and sliding needle

gui de; [ Oodigjtesthe gleetrigalsiqpngstions fegim eheariegrammablgcirayt ) e peadieglectigdhect or
handl e asaggéﬁi[hy with a mount structure for needle el ectrode assenbly, and
a syringe. IS figure also

[0029] Figure 5 shows a block diagram of a programmable constant-current pulse

circuit in electrical communication with the needle electrode assembly and a power source;

[0030] Figure 6 shows a flow chart of the logic steps responsible for behavior of
the programmable constant-current pulse controller;

[0031] Figure 7 show the front panel of an XEP-100 programmable constant-
current pulse generator subsystem prototype;

[0032] Figure 8 shows how a predetermined voltage pulse causes an increase in
the current flowing through a porcine muscle tissue during the duration of the pulse, in
contrast a constant-current source actually maintains a constant-current through a porcine
muscle tissue;

[0033] Figure 9 shows the voltage imposed on electrodes in a conductive
medium;

[0034] Figure 10 shows two electrode pairs, side-by side, separated by distance
2L;

[0035] Figure 11 shows a three-electode array, where distance L =k x n,and nis

the number of electrode and k is a proportionality constant;



indicates the electrical connections fromthe programable circuit to the
needl e el ectrode assenbly; [0029] Figure 5 shows a bl ock diagramof a

pr ogr ammewba3oosd ant - current pulse circuit in el ectricalpcrarsosrodssat i on
with the needl e el ectrode assenbly and a power source; [0030] Figure 6
shows a flow chart of the |ogic steps responsible for behavior of the
programmabl e constant-current pulse controller; [0031] Figure 7 show the
front panel Of XEF%* mgwsasmiwuég%ﬁ%@m fected Witho5000 Rieh SO-gFyTer at or
subsysten1pro oty e; 032] Figure 8 shows how a predeterm ned vol tage

pul se cau@e%n@hmknhﬁ@a@ékﬂﬁﬂan@k§U¥ﬂent fl owi ng through a porcine nuscle
ti ssue during dur 5$ﬁ§ rrent
source actualﬂ&ﬁg i nt #kgqggggﬁgﬁAﬂRh§%?¥l Sl&%@%ﬁﬁ@{ a porci éEm’mqjogcle
tissue; [tﬁkﬂs’ié}hod?argalrsenﬁclshﬁymngmgsvol tage i nposed on electrodes in a
conductive nedium [0034] Figure 10 shows two el ectrode pairs, side-by
side, separated by distance 2L; [0035] Figure 11 shows a three-el ectode
array, where distance L = k x n, and nis the nunber of electrode and k is
a proportionality constant; 8 WD 03/076006 PCT/US03/06833 [0036] Figure 12
shows SEAP values in pigs injected with 5000 ntg SP-SEAP construct into
different skeletal nuscles; and [0037] Figure 13 shows SEAP val ues in pigs
injected with 55 ntg SP-SEAP into the sternocranialis muscle of young
pigs. 9 WO 03/076006 PCT/ US03/06833 DETAI LED DESCRI PTI ON OF PREFERRED
EMBODI MENTS [ 00381 The term "current” as used herein refers to the flow or
rate of flow of electric charge in a conductor or medi um between two
points having a difference in potential, generally expressed in anperes



[ 00391 The term "anpere” as used herein refers to the standard unit for

nmeasuring the strength of an electric current; rate of flow of charge in a

conduct orworozoomdauct i ng medi um of one coul onb per secondPc@A%03068BE t er m

"coul onb" as used herein refers to the neter-kil ogramsecond wunit of

el ectric charge equal in magnitude to the charge of 6.28 x 1018 el ectrons;

charge transported through a conductor by a current of one anpere flow ng

for one second [00411 The term "voltage" as used herein refers to the

el ectronmotive force, or difference in electrical ntial, expressed in
iHgER

volts, whPERAZLEDIDESCRIPEION OF FREEERREDEMBO! force or difference

in potential KL@§Ispen thaQemPid@nt’ Nis Aedchedsih réfers ftb Eledfldvnat rat¢ 60flbw @F One
joule of work to nmpve a positive charge of one coulonh from.the point of

| ower  poRlesi cirrge i & qeadusigrer mgdiupy bgtresen B Raints Baving aybfferenceippatentiah  power

as used herehiy E&h&s& ihAmBersour ce of physical or nechanical force or
energy,; force or energy that is at, or can be put to, work, "electric power

wat er power" [l0@WB1 Thhe terer‘amppmpeschapdlereinsefers todhdwandprd upigfas msasugng he t ot al
opposi ti Ot?e %ﬁeﬁu?%g)f%n %?é’ctr‘ff‘é"cuﬁjeﬁtg&%ocf.fl%\wroﬂ‘l%atr if atc&%ugtt)pqy cQidufthedhddiipat i ng

current o S requency’ 1t is a conbination of resistance and
r eact anceofand codomepguseandi n ohns. [ 00441 The term "field" as used herein

refers to physj quanti ty. specified oi pts throughout a regi on of

space. 1004515[%‘@“ er e ccl?gllepgllbegggseﬁégﬁ?ﬁ’nﬁe%ﬁﬁ'mé}%e rﬁl%gﬁﬁﬁog%?'ﬁe‘gg‘fers to
any connegtiosf eléctdéignquilah nidghidvde tohke hangeadfl 6.38 ofl 0Hedetirene Ickate odes to
be fastened secyrely and rel eas fronht he %onstant- urrent pul se

ed qui gkl
gener at or raspted thrpyshAroRdyqer é‘é;é}fréntéﬂ? 80 HoRfES QYRS 19T 0P 87F8R% secur el y, the

qui ck rel ease [pgApani THY tadnd OvoMBEM Rivdsd Br&iatrbefsab tEOBIMdfHYE RdcdMot h  t he
constant-current pul se generator subs%stem Many different types of

qui ck- r el @ferncenisc plaetrisaspozantialskpressad i vokisit Whichrare dhe Braglisrbapithgf [ 00461
The ter m anphiotitdforcest dfﬁﬁ‘énc{é% ﬁ;o&n{iﬁfb%weeh Awb BEinEh A FeckitEEd Qfat 2

fluctuating quantity, as an alternating current or the swng of a pendulum
gener al | yregues ungjdule DOWNE t0 81007 6 PGB VRCHrSei3ne 688emb fromuthe prantwf lewsge or
nmean to tIt]o?en%)éft%%hnéepoirlttofLlsghérq)%te%z?l! ity of being anple or the amount or

[0042] The term “power” as used herein refers to a source of physical or
mechanical force or energy; force or energy that is at, or can be put to, work, “electric power
water power" .

[0043] The term “impedance” as used herein refers to the total opposition offered
by an electric circuit to the flow of an alternating current of a single frequency: it is a
combination of resistance and reactance and is measured in ohms.

[0044] The term “field” as used herein refers to physical quantity specified at
points throughout a region of space.

[0045] The term “quick-release mechanism” as used herein refers to any connector
mechanism that allows the plurality of needle electrodes to be fastened securely and released
quickly from the constant-current pulse generator subsystem. When the needle electrodes are
fastened securely, the quick release mechanism also maintains electrical communication with
the constant-current pulse generator subsystem. Many different types of quick-release
mechanisms are well known in the art of engineering.

[0046] The term “amplitude” as used herein refers to the extreme range of a

fluctuating quantity, as an alternating current or the swing of a pendulum, generally measured

10



degree to which a thing extends. [0047] The term "frequency"” as used herein
refers to the nunber of periodic oscillations, vibrations, or waves per
unit of twoe3oo®ual |y expressed in hertz. [0048] The ter mPtmamsosoasBecul e”
as used herein refers to nucleic acid sequences, proteins, |ipids,

m cr obubbl es (e.g. drug-|oaded vesicles), and pharmaceuticals [0049] The
present invention relates to a nodul ar el ectrode systemfor facilitating

the int ro(?dhﬁﬂe%?ﬁgée G 1 rggf,rtem'&&%& Jt M e GRIIy otfeift 211861 BLahbatde I N 2

body or plant. ' ) ar electrode systemconprises a plurality of
needl e eldsetee taiwbicha thingettendsan el ectrical connector that provides a

Coaduet L ur by l0drs O heRERDCBEMERRL of 0031 ARL S O Hlffer B BREARL | °7 10

the plurality ower source, elthe ernating
current dstiR@ignspovibmiiomscor waves pertunit dD@h:. ushallyeexpresfediim bettzenbodi nent of t he

present inven a er.at or _can gras he .pl ural ity .of .needl e

el ectrodes t hé{)&@;l e 2[}[?3‘?‘8}1 n@ﬁroénoz‘?%%o?s[lgg‘i}ﬁ%&#%s togﬁ%ﬁexf: F‘Pﬂﬁeﬁu‘?ﬂﬁ%sert t he
t hem i nt Qréteins, Ipid¢ineEotubbRYI.d. drug-104idy vesicley)aintl phdiacémicslonol ecul es are
then delivered via the needle into the sel ecu&cﬁi tissue. Th Péjﬁ%&'ammbl e
const ant - cur r é08491 pu he PessRRtiRyenign rplates o eleptpde systanyior tagilfraring ¢

el ectri cahe Midb@getivh of B RlacREhAQulchfo REIW ¢Hal dedecfl tisiieehlh Bo®) &GHARIFHEe The
applied constant-current electrical pulse facilitates the introduction of

t he macr onedudas glestrodesystemeomprises g glupglty, of predisielpctipdesya pedie) ancelochidrel . Cel |

deat h du 400 1 Sq: € Ay jApedance
nmet er bui ot ?cﬁog\o&ﬁ{tﬂgg%P%g? gmgﬂl\%aeshﬂ(gggl?a%? - cur rrﬁ%ﬁl@%ﬁr}s&a@i (E:\g%e??g}ﬂlggr. As

t he i npedantdler tesths pluralithef nsedledtardes; swl repaiier snygceacitheoaltarzating cwrraneént
pul se, t wer ..i s, redu cordingly .t int ai nst ant-current, and
SrNEE B R RS CRL bl TR B A e o T AR b 3

to prev overhe ion’o
const ant -apurateeiohn grdssthe pRigalitpefitecde eladwdnd thaese moatedon Dsupport stnfc@d&0] The

underl yin hepanmenon of el ectrqporation i elieved . to be the sane in all
onees /b RERIRERn Bim e G LB hiin Bodior bREC Tt BrOBmOBEYEIE nas not
been el ugid@iRered Mal the HEHAINAto HEEHdcRd tisQued ETHR P\ aRdnablB @Brisyant-bileenpVer t

mani festation of the electroporative effect is that cell nmenbranes becone

t r ansi entRuseseRtFRilapis actigtadapdeonsgnicirerislectrioal pilseriyapplied foshaphyralityebn
exposed t&e@le Eietiddes. PiHeS glied-gbﬁé?lt-aﬁr?eni:él@gff&atl ulkda QB 0l ihtrod@tlodor  WHi Ch

under normal circunstanc maintain a resting transmenbrane potential of
ca. 90 mithe macepimodegitlegintsi thdicele betwsemithel plnfatityndigelectiodes. [CelhFeath Aue iough not

want i ng toQ/eRl%atHl%%?gelBXs ﬂr@@e?l{eﬁ by ﬁllﬁz%é a%ﬁ%é‘&ah?éh&@%%ﬁt th%%he(i)frogrammable
constant-current pulse controller. As the impedance rises in the selected tissue during a
constant-current pulse, the power is reduced accordingly to maintain a constant-current, and to
prevent cell death due to overheating. Thus, the utilization of a constant-current pulse has
several advantages over prior art.

[0050] The underlying phenomenon of electroporation is believed to be the same
in all cases, but the exact mechanism responsible for the observed effects has not been
elucidated. Although not wanting to be bound by theory, the overt manifestation of the
electroporative effect is that cell membranes become transiently permeable to large molecules,
after the cells have been exposed to electric pulses. There are conduits through cell walls,
which under normal circumstances, maintain a resting transmembrane potential of ca. 90 mV
by allowing bi-directional ionic migration.

[0051] Although not wanting to be bound by theory, electroporation makes use of
the same structures, by forcing a high ionic flux through these structures and opening or

enlarging the conduits. In prior art, metallic electrodes are placed in contact with tissues and
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the sane structures, by forcing a high ionic flux through these structures
and opening or enlarging the conduits. In prior art, netallic el ectrodes
are pl acewoios/ozoné act with tissues and 11 WO 03/076006 PETTWS080636833
predet erm ned vol tages, proportional to the distance between the el ectrodes
are inposed on them The protocols used for electroporation are defined in
ternms of the resulting field intensities, according to the formula E=VId,

where (" BEybddismtidd@ voitses prdport}nhi tb $hd diftaricBBOSREN the elet@@Rs ardmpogdd bni s t he
di stance between the el ectrodes. [0052] The electric field intensity E has

been a vethgmi Khoprosrolsvused éori gleqyiopeatie are defiaed fmotert at Msgreatting fdgor ati on
protocol s Ie%iti(&jé?%c %?diﬁg%’t%rtia{e Rfmfla Md,%he@fw'g'tW1& d-Phs e h@psel! of the
|n§1y, to cal cul a I Fleld

subj ect. Accor S possible to te any el éctric

i nt ensi t yvdlioge and (& isthy disfangerbstwasothe disctradest yi ng a pul se of predet erni ned
vol tage that i opoyt i onal . dj wever,
a caveat is th@?%n e kéecetq)(?c?ré:c f;e?defnge%(s:‘ﬁbE‘ésagegﬁgggggﬁg%&g%%{s?l uer\i/l\nk?h

i nsul at edwkdreformdatag e(dctrepordtionpradcolsfosthe delivety afadega mactomotaceltigo an
electric fiel t hoygh not nting.to be bound by .t [ it .is the
current 1 eelf e subisd AdCteRe I Baditug © BFwaR ABpartns SH sl BeE, | ¢
field pervariy df@Rhedoldyf dpplyingl agfillse O predéte@iined VoltafixBit iPprogortionhl iktht he
product of the_ interelectrqode inpedance, the square, of %he current, and

the pul sedigiancgbretsen plegtiodess Haywsyyele a erverfus thainslesticfishlsracs gieratdinasues and

can be degdsyeditRmshiiRd BleOsiied (i Qf 14w 8F R 8 holeBEkar) dfcretblln OBric HAkLS. age and
pul se duration. The protocols currently described for el ectroporation are

defined i Althanghpotorantingtorhedapnd bytheary) itiis thetcarrentthasis necesqey £ suacessfdpendent

on short g8t f wn current. Accordingly, the resistance or
; fi . . . ;
heat gene%ﬁgét"té)g |tr11mgy(%t|%§3§tﬁ@ lggi ng? be determ ned, which | eads to varied

success Wi th di0gF¥dr enDugng skdraratage thd dettr ppoineddi @n thepmpoeducolof thet h

pr edet er mi_ne ol.t ages. The abili to limt heating of | l.s_across

Bl et r odeleiclegtor Btedined e Alpe ot birest S O gR® ol ERGUSHBBISET on
vol t age pdurfigngdecprbpdraiddl in tisQies afk dabederpled @ tiRr produeaches ihteeelsdtidde zat i on

of an array of six needle electrqQdes utilizin redet erm ned vol t age
pul se acrBEENHYYEEE AY RIS driaton: ipr<§900ﬁﬁu§e%t&%a%rl%8ﬁi%§slﬁgtfwaraaon are

central i zgginB@id RFAs sitthé RGuIRg BLRGhIARMAE, | HIcEME AbpdnBeddnah&R vk e
congruent and _intersecting overlap points devel op, and can be visualized

as an ast2HsesRf wknewn eureest. Skreordingly, theirgpiftance or heatgaresatedin p g egnefecel | s
and ti Ssu@et&lnm, GhRAUERR A FhiiQNsRBLE WiH bifftehd pﬁlEla% ﬁﬁdaéé electroporation
protocols with predetermined voltages. The ability to limit heating of cells across electrodes
can increase the effectiveness of any given electroporation voltage pulsing protocol. For
example, prior art teaches the utilization of an array of six needle electrodes utilizing a
predetermined voltage pulse across opposing electrode pairs. This situation sets up a
centralized pattern during an electroporation event in an area where congruent and
intersecting overlap points develop, and can be visualized as an asterisk pattern as shown in
Figure 1. Excessive heating of cells and tissue along electroporation path will kill the cells,
and limit the effectiveness of the protocol. However, symmetrically arranged needle
electrodes without opposing pairs can produce a decentralized pattern during an
electroporation event in an area where no congruent electroporation overlap points can
develop. One example of such symmetry is shown in Figure 2, which shows the decentralized
pattern area of electroporation that resembles a pentagon.
[0054] Controlling the current flow between electrodes allows one to determine

the relative heating of cells. Thus, it is the current that determines the subsequent
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and imt the effectiveness of the protocol. However, symetrically
arranged needle electrodes w thout opposing pairs can produce a
decent r alwpad/op@abé ern during an el ectroporation event i npam/mogessshere no
congruent el ectroporation overlap points can develop. One exanpl e of such
symmetry is shown in Figure 2, which shows the decentralized pattern area
of electroporation that resenbles a pentagon. [0054] Controlling the

current f Wesar§! S64d PAGRg FrdtOUS, £dend: Inél ObRIeRT dofvss iitCelb@todtd. Ve
heat i ng d%ﬁ%gﬁﬁ& n%'éqlt ?s t%gkgurrent t hat det§$L1ng§ ch subsequent

12 WO 03/ mmxmﬂmsﬂmdeueernre@tqrmmégwe@fs APrigT aredoeHipt proige

pr ot ocol , r

Vol t ages TR B4l e 04RRzof Bl SHER s W BHER B ROEE o1

provi de tachmqalasThl(s, mheﬂtrehmglaentahmalmngdm cuimsmmhcafisswbertwmq twalelectiodes mi t s t he
useful ness of the Thus trol n current
R the o Rte BT oo VS SOk e PR IR ot s e £ o
vary the @il deatheaddinédrpotate matbinsleaddslintbealls more afficaitty Whascontpatdd todeat h,

and i ncor orate @Bcronnlegules into cells nore efficiently when conpared to
predet er JGHeESPUSES. [ 00551 One enbodi nent of the present

i nvention to quﬁﬂomﬁmmﬁﬂ&u O tROPrEdént iRYenBb@Y dVelREm@ tHERBOWE préblem
effectively control the dosage of electricity deljvered to the cells in

the i nt erbxnrevidingaaeapuieetigivsheonsethe dasraeradelertrigity Adiversite the cells it hat
| npi nges @p 11&4?%1&95'@%?5& by! gecﬁslafg c@f%‘dlh@ﬂt’foﬂﬁﬁx tHA HRpingdd®n Rle@6hdfs dosage

of electr|C|ty to tissues cal culated as the product of the current
| evel , t hiotinded encimbrapes Bing, théprepissdnsageaf ejgofirisiby todisbues earelr caleplatadder  to

i mpl ement hgﬂl%ﬁu o?t@@%&r@é}ﬁ Ie%’irﬁlggﬁlsé%%ﬂﬂq tﬁ@nﬁh&?%ﬂ@ﬁ&s AoRRLA! lk{%r((e?s shown

in Figure connect ed rcurt (as shown in
Fi gure 5)torimplentest snoins cdstaeﬁcur[dﬂﬂ@@thnoamelgamde cappard{tes (as elsnvmml:hmmm lon to

pr ovide a vVer. ctr tive UI’I’ a Vvo

P ssue”ar tid) Bopetpdfa Yooy eisdedRinB iR Seut & Fgedl busGede SsiEnc  at i on
of cumul ati ve [9086] entOAe g@dl')beH@pfe@éh@tlm\Qﬁtlod &ﬁﬁ@biﬂeadlﬁieﬁhsn@ degivér @leat h
owing to overheatlng of the tissue. For exanp]e, the nmaxinmal energ

del i very §lfcsioperatiysactrent fond vRumeeot\tistHecrloneca Plusalish gt maths Wéth?‘ﬁa?auélaﬁnect s

two el ect L,Qd&Re chickMtatdh bf LEAGARE clil@t in ah{PEnedbRELS, AEDHY A GdiRE &IRMREM I N pairs
and that the voltage pulses are delivered to the paired elettrodes of

opposed poviagite pyerheatiog i {issue.hdoraxdmnle, thoaragimal energy rdglivery diom 2
particul a]Sarticular pulse would occur along a line that connects two electrodes. Prior art teaches that

the electrodes are present in pairs and that the voltage pulses are delivered to the paired
electrodes of opposed polarity. Accordingly, the maximal energy delivery from a particular
pulse would occur along a line that connects two electrodes. An example of the energy
delivery pathway in a prior art electrode, which utilizes three pairs of radial electrodes with a
center electrode, is described above and as in Figure 1. A distribution of the energy crosses at
the center point of the electrodes, which may lead to unnecessary heating and decreased
survival of cells.

[0057] The electrodes of one embodiment of the present invention are arranged in
aradial and symmetrical array, but unlike prior art, the electrodes are odd numbered, and not
in opposing pairs (Figure 2). Delivering an electric pulse to any two of the electrodes from an
electric pulse generator results in a pattern that is best described as a polygon. Tracing this
pattern would result in a five-point star with a pentagon of electrical pulses surrounding the
center of the array in tissue where the concentration of molecules to be transfected is greatest.

Although not wanting to be bound by theory, it is not the odd number of electrodes, per se,
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pul se woul d occur along a line that connects two el ectrodes. An exanpl e of
the energy delivery pathway in a prior art electrode, which utilizes three
pai rs of wadBatcoed ectrodes with a center el ectrode, is destrishgesabove and
as in Figure 1. A distribution of the energy crosses at the center point
of the electrodes, which may | ead to unnecessary heating and decreased
survival of cells. [00571 The el ectrodes of one enbodi ment of the present

| nventi on, Ate. 8l { #ieRMcd, But if ¢ é?ﬂfe@t‘;ox?&%éé{%ttﬂa&t{‘smwﬁ fh@¥onfltatidhbf ke pri or
art, the electrodes are oaof ered, and not "I n opposing pa| rs (Figure
2) . Del i \peior arty all theglulses gangrateal @gemt@aana}sswbroggh thpeenidr eEthe awemblyr 8k an
electric uI g r t £ | e i.hed as a
ool ygon. ia?eﬁi &%’lﬁ & Qﬁe pga%&{g ea%élh’l ‘"ﬁ}eggﬁd{ éo’hcém ed) in ti?%ﬁ%nttéist&gt;l t\f/?mé o

pent agon paﬁplﬁirﬂaiose fadiingmﬂ‘ spidl s uWiththel |"ﬁ@ pd]med stari‘t aafrangémenheheadways in
tissue V\/nere the co centra I on glf rm{:ecu ltl?t 1 {Sa sfected | ﬁg%eat est.
Al t hough SRERd MK §VRYYt ¥/°hR afﬁ?ﬁﬁ u HSBPPP S qe Slegtpdes gre aggneed |

el ectr odesray Bﬁﬁve%@ectro&é’s M@p&ms%@m% sd?lGIpitidﬁs)amﬁaso?eledtﬂoaés maesthens

di fference, but int direction of the current paths.

confi gur #0f §nthen 5 aﬁfl Poﬁhe’&?t‘md 44 then hangy §I€§V°§"é’n@°§t‘fsé the ‘éslﬁ?erl%“ﬁ‘f’eetnﬁlé\? passes
through tfe6&dtis Riuhd o@D YertaithQurrent! MKmitE ExdQ@SHong! patallel ifesheat i ng
effect is therefore concentrated in the center, With the peri pheral dose
fal ling ofdakenipg asithe disnce fromethe enteslinsonereasgs. Thapemulptiveeffeshohit seapemee dose | s
spread ver t rodes
e arr anayie estns B Fimdle uRITR apI of e GARIRYALE b IR, GBS

sequent i ah¢rwsagph¢ povbelmlityl thattheockdls that hack 1®,enEhewolﬁ)rat‘ah@btliall}’tshleweahand 2,
then 2 and 4, then 4 and 1. However, because the tissue between the

el ect r odd¥°S°8E vol ume conductor, a certain current intensity exists al ong
parallel Ti neqoossvvealqemrngga@lgdie3 din@écﬂﬂﬂéctfoﬂ@lstxhblyd:&ﬁtﬁﬂaﬂcb méthioner eases.
The cunul ati ve effg%tg.of ence q.g Ef res 1 in.a m)[]Il 1#nlform
di st ri butsmhRdigeent Akt ﬁ’é‘fﬁﬁg}mﬂ’él %‘P@& t'8¢ EIFEY esassff YC?WSB%%P et

pr obabi | ide¥dit BrRkrdde®3 thel drsuppértedhuendnsny krhaet foPMe hadR@leagsdéal Jad S Ur Vi ve
the procedure. [0058] Referring to Figure 3, a need|e el ectrode assenbl y

i n accor difiag ngediswfeo. @rfb‘b%ﬁnF?éﬁf‘héF“?% artay afrsedls clestroges ik YEREE The
el ectr Odg ﬁ Sy 6tk YmEQOMbeSESs thid kb aéslue Yand n@%& %1&{&91%)5 QBfrctdd tthahe ar e

supporte unt1 ng bracket for the need lectrodes 1, and a sliding
needl e g Lprwalﬁmabln ctument pelse eontrolier ShEachineedl¢ dﬁcmdﬁ wylegtricalbeedneectddéed r odes i s

a syri 9% fhe programmable current pulse controller 5. Once all needle electrodes are adjusted to an

appropriate penetration depth for a particular tissue, the mounting bracket is grasped and
needle electrodes are inserted into the proper tissue. To prevent the needle electrodes from
bending as the assembly is pressed into the tissue a sliding needle guide is used. The needle
electrodes 1 are in electrical communication with the programmable current pulse controller
5. A suitable quantity of macromolecules are then delivered to the tissue in the center of the
needle electrode array through the cannula 2.

[0059] It is know in prior art that the nature of the voltage pulse to be generated is
determine by the nature of tissue, the size of the selected tissue and distance between
electrodes. It is desirable that the voltage pulse be as homogenous as possible and of the
correct amplitude. Excessive field strength results in the lysing of cells, whereas a low field
strength results in reduced efficacy of electroporation. Prior art inventions utilize the distance
between electrodes to calculate the electric field strength and predetermined voltage pulses for
electroporation. This reliance on knowing the distance between electrodes is a limitation to

the design of electrodes. Because the programmable current pulse controller will determine
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for injecting macronol ecules into the tissue and is not electrically
connected to the programmable current pulse controller 5. Each needle

el ect rodewD3mb@ed ri cally connected to 4 to the progranmebirasoseasent pul se
controller 5. Once all needle electrodes are adjusted to an appropriate
penetration depth for a particular tissue, the nounting bracket is grasped
and needle electrodes are inserted into the proper tissue. To prevent the

needl e elgg gﬁ'ﬁé e Il aVBunResrding bé’tﬁ/e&hﬁvo@e%ﬁﬁﬁés)’thé SstBARDeeteh Ble@rddse tissue
a sliding neg guide I's used. The needle electrodes 1 are in electrical
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honogenousad ssopp 06thE hiventad ThE ddpkteof eaelr 1hﬁ0iduﬂrélﬂctrbdedelthlfmcﬂ&§4 auéinfthel d
strength results in the |y le eld str ngth

of cell re
o o S redistisgoui e veried v cometEplE S FutatiemTElE IeCHoRE B

utilize themdishRefes QRIMRAAIA Bhd REEIS clettréRlaerdl.at e the el ectric fl eld
strength and predeterm ned voltage pul ses for electroporation. This

reliance on kri@R0hg tThe ngedle alseteodsassrabiiese pedaseiahsd abpe, gnablethe it vivh to  the

desi gn of [l er
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of ti ssuebebreetemtmm fot thetpuophss of cileulatingt elegtwc HeldvasrerpltageptlpasdEhus, i s not a
critical fa tﬁroer f A %)Ftﬁln‘bf%négagd"ntvgﬁtm[%gp Lh@é Qe tllr(?c%g ect@llraggur rent pul se.

Ther ef or &' Ferfati vePe e array design
woul d be one t[Oﬁﬂl]l S Tierurray suweigth, dalpulsb h:ngﬂidndi tlremumbexeaf@k]sésl detivered t he art

f t I dl
Gl oot 1 o HaPs SRV 4E AP 81 S0t P S CHE SR Fo o CUBNAR (he

i nvent i onpr vAREHE RE heOdflec@dgdinmprdante dtbah cak €6 tisadeThwb, IdWing enthafidiayenand i n
the desired tissue could be varied with conparable results. In a d|t|on

mul ti pl e ERERESHI AT e caastanspurreng systeas eERpvE Pvtacolt 1o clecErromiiea §28 B t he
needl e el gclippde array. [0060] The needl e el ectrode assenblies, as
descri bed above, enable the in vivo positioning of electrodes in or
adj acent to tUfes2d wiTheonethadhaisomenyitles @Slmeén‘?ﬁlﬁg)f fietermyiniag the EEperEreen

el ect r odegeyhfibn bf1fc AUBORGoRl 1§ Bk pllsal T pRIRE! drefe hbRLAAGKAlAREE PU! ses.

impedance, the square of the current and the cumulated pulse duration is a measure of the
total energy delivered. This quantity can be converted to degrees Celsius, when the volume of
the tissues encompassed by the electrodes and the specific heat of the tissues are known. For
example the rise in tissue temperature (“T”, Celsius) is the resistance (“R”, ohms), current
(“I”, Amperes), length of pulse (“t”, seconds), and the conversion factor between joules and
calories (“K”). T = RPtK.

[0063) At the moment of electroporation, the current increases in a prior art
system where a predetermined voltage has been imposed on the electrodes, owing to the fact
that increased cell permeability lowers the interelectrode impedance. This may lead to an
excessive temperature rise, resulting in cell death. For example, utilizing values common for
conventional electroporators, and assuming that the volume enclosed by the electrodes is one
cubic centimeter and the specific heat of the tissues is close to unity, the temperature rise
owing to one 50 mS pulse with an average current of 5 Amperes across a typical load

impedance of 25 ohms is ca 7.5 °C. This points out the necessity of inserting an adequate
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anot her enbodi nent of the present invention is sinplified

el ectrochenot herapy. [0061] The current strength, the pulse length and the
nunber ofwpuBsea®odlel i vered can be determ ned by the oper acworusasichssd not
vary with the characteristics of different tissues or variations of the
el ectrode i npedance fromcase to case. Thus, owing to the inherent
repeatability of the constant-current system effective protocols for

el ect r0p(Hegg'bgﬂ%egﬁgth@sswgEﬁ(l@és%%ﬂow[t%%]ect]@@cu‘l@ér@@ﬂst&h sPreRoMYéfdggh a sinple
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squar e Ofeléc% ci%fm&ent and the cunul ated pul se duration is a neasure of the
total energy ertVered. This guantity can be converted to degrees Cel sius,
when the vol ujeted] tThe ddvasagesofen carspaseatnbis ﬁlhtelt@hebtrpmd@eteérfwnt he

specific heat of t nown.  For. . ex i i ssue
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Arrpleres) tgé edilﬁfnhcaﬁ'f atﬂi(ﬂri sele{tﬁichve Beensing hd tlwmbetrm aaﬁnmepmvem tlﬁza(ﬂom bet ween
joul es an calories ("K'). T = RI( 0063 nt of

el ect r opdlRRRSIEIE; 1§ fegonsiant- %‘H"fenf w@@%ﬁ@gﬁthg pﬁ?sieb'l"‘éﬁt 9&?%&?\/&4&‘% a
predet er el Qidatd AotPRR Ras. PRRMxhIREBAE oPthetdifte! ie AbfeRdas of e diéttio@e t he fact
that increased cell perneability |lowers the interelectrode i nPedance Thi s

may | ead oafignationxanddmyst be detreiined gxerimeatally.r Haviever.0gcq the preper lyelden.  For
exanpl e, %ﬁhét ?éutgtama@mghré@@mnp&wmageona' el ectroporators, and

assum ng t ume encl osed by the electrodes is one cubic
centimeter andOQGSk spoeepersnabyIdesegnedfcxrcmfewsiogsuéesfed,gn@isowélmélm'gmy5 t he

t t f 5
A L St
poi nts 0uécmbbgmemastotany@‘érsomgelﬂdd in gheeant afda&qtrama tHeD 1o d&&gﬁ)ngﬂﬂﬁs

PCT/ US03/ 068 | a et ween suycces to all ow.t ects

Ci 1 cul at P 4 SR PEHEVSOER Gt repoat pier O Bau i el Joh

t enper at Lm@tﬂd@ﬁemsbffedﬂ(ﬁbml‘ngwt in destruction of the tissues be| ng

el ectroporated, Q9%}0064 The advantage of a _constant-current is t(glt it can
be prevented flf atip Figvrsyy theelectpils assrablug? WP‘&‘WCFEé" YeLCiog St %estroyed.

I'n a predgf;ef ﬁlc&%ctxg Qe AL L0535 B mekd? 28 warry%eaueﬁ@ew adlliteRtdd b3 cORSdIkeICt i Ve
i nt ensi ty, and the operator can not prevent that from
46. Switch 26 can also connect the electrodes to current switch 32, which delivers current
pulses to the electrodes from constant-current source 42. The voltage required to operate
constant-current source 42 is generated by high-voltage supply 48, and the voltage required to
operate the controller is generated by low-voltage supply 24. The energy is being delivered to
both supplies by battery 52.

[0067] User-settable input devices 34, 36 and 38 provide means for the user to
specify the current level, the pulse length and the pulse count, respectively. The ENABLE
button 56 initiates the operation of the device by directing the controller to measure the inter-
electrode impedance when the electrodes are in situ, by activating an arming circuit, which
allows pulsing to begin when the START button is pressed.

[0068] Pulsing activity is indicated by the flashing of PULSING LED 64 and the
synchronous activation of audible alarm 66.

[0069] The ENABLED state or PULSING state can be interrupted at any time by
pressing RESET button 60. This action deactivates the pulsing, extinguishes LEDs 64, 62, 54
and audible alarm 66 and resets controller 46 to an initial state. If the PULSING state is not

interrupted, controller 46 directs constant-current source 42, and current switch 32 to deliver
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happening. In a constant-current system the current is preset under a
threshold | evel where <cell death does not occur. The exact setting of the
current iwodepesdent of the el ectrode configuration, andPCT/UNS06SBE
determ ned experinmentally. However, once the proper |evel has been

determ ned, cell survival is assured, fromcase to case. [0065] A specially
designed circuit was considered, and is outlined in Figure 5, and

descri bed:uﬁ'@xllt%-lseé\lté biesteed be oPiM Inttingigy, BuRGKS afd. cBleDaPddérnidét tbyahe be
i npl emented by technol o%_ known to any person skilled in the art of
b

el ect r onise®ings ¢fdnpit devicess$i Fhawiddure 5 required to deliver a
constant-curr 0 i : i LS .4 0 how
3@735 ai%etedupg@g%mw{nl }ggur?rsa«aﬁ Bt Wple ROttt 69 sthd A art

el ectric curr ef fec ng ce 0066] In Figure 5, the el ectrode
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el ectrodes to ohmneter 28 in_an : di er 46.
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del i ver s selgttoeBivitcp0b 2@d dufrerthsvieh 80t meyl esmprienel exmrostealninioaliswitthes sour ce 42.
The voltage.required.to operate constant-current. spurce 42 i s generated by

hi gh- vol tSEEFoBHSArGWiehes SRS BRECUTENSAYES 12t BRI SEe PP 8t r ol | et
i s gener ajregheRYelf APpNAALibRASFecH I IRleYra?d CifchR (‘QASICTY A maBleidrigopieith igaed to
both supplies by battery 52. [0067] User-settable input devices 34, 36 and
38 provi dEWPARIEAS Pesury fdlloydeg elegtropgpsion iRplsen avhach regpires) g cqurrerthio el se

| engt h ang.theqpul se count, respectively. The ENABLE button 56 initiates
the operation of the device by directing the controller to neasure the
inter- el ectrdd®1 npediawpbergfivaniablepare censiderpddn achiqyingq dspirad cusgnt aulse vat i ng

an armn hLCu I i I S } ] pbutton is
pressed. gf{)ﬁB]gé?’J C\E-L]ttjl ?@%gﬁé“é’?%’&l?er@mfeg % %?%g?ggg%%%%? Ih%gﬁio%:&o i LSI NG
LED 64 anechnblegy.sBattiny 62mag usecgel-vedlt dr dithiwh icudchnbbgpirpundedées 3406 2hd The

ENABLED sjate or PULSING state can .be.interr d at any, ti by.. pressing
RESET but T PH e s der ooy retaBl e oo ebAer i dhie® eo
64, 62, 54 reqiifts Podebbpplitathal bdn dolider £ 818 of droht abdue0.046kV ao about rikvi al

state. If the PULSI NG state is not. interrupted, controller, 46 directs
const ant -%?wérﬁonébmeea- blsctrodg gssemply gd may\gp E‘Fﬂsesa?? f “éj@he\?@F eleitéoc{?\b

03/ 07600 Gadﬁ)gé mfngé&aantoﬁéwe?,%%tﬂg&,sctﬁ Soh- et RS teleR@l6ides Aésiffed 30 nfaké eNSi 'y,
e

duration and. count, as determnne ) ] i )
galvanic contact with the skin, or electrodes adapted to be inserted into containers holding

material to be treated.
[0072] Figure 6 shows the sequence that operator input is processed by the
controller. Other sequences and predetermined parameters, such as the time interval between

the pulses, could be implemented within the scope of the present invention.

EXAMPLE 1 - PROTOTYPE SPECIFICATIONS AND OPERATING
INSTRUCTIONS.

[0073] One embodiment of the present invention is the model XEP-100
electroporator prototype. It has an input power of 117 volts and an output voltage that is
selectable from 100 to 200 volts with a front panel switch, and a voltage accuracy of plus or
minus (“+/-°) 2%. The output current for this device is 8 amperes into a 25 ohm load. The
output current fuse is a 15 amperes slow blow. The pulsing frequency is 1 Hz, with the pulse
length set a 50 mS. A maximum leakage current of 8 LA should prevent potential fatal

accidental exposure. The pulse configuration is six sequential pulses of alternating polarity.
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settings of input devices 36, 38 and 34. [0070] The buil di ng-bl ocks in
Figure 5 can be inplenented by state-of-the-art technol ogy, known to any
per son skwblos@7done t he art of el ectronics. For exanpl e Contecaluses/oe$63 can
conprise a mcroprocessor, a mcrocontroller or discrete integrated
circuits. Simlarly, the selector switch 26 and current switch 37 may
conpri se el ectronmechani cal switches or sem conductor sw tches.

Const ant I r
SFTet ho. A FEme R ificfioltY 1737503 £34 U SRS ERTRABNS Do Bte e
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exanpl e, fadiktafigyshe imtodpdtioaof 24nmrtdno4®ulvaytowﬁs bff eedactedtissgi in @lbiodyg or
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inventio 1 - P YPE CI Fl AND T

I NSTRUCTIQEN§ed 667 Eﬁdeﬁfgﬁgg%og) Fﬁ‘é‘ﬁ Ogge"}vggéon enl"lnvg i cr)ﬁr\#glogerf‘tﬁe nodel

XEP- 100 gdsphigtinfandt @rlid fil'ﬁﬂj‘( kstibe niotmthdiﬁeeale elepppade ammﬁfy info tiekelested t s and
an out put . voIt ge t.hat sel ect abl e 100 to 2%}2 %rm}cne? h a front

panel switissys,of &u*e,ie&‘}oﬂe%@%cr%ela? Wr‘b qﬁ‘é’erS?l via the YO The
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current fuse is a 15 anperes slow blow. The pulsing frequency is 1 Hz, with

t he pul serUICb%@b%e & eensiEnsEIITeRt clectyigak Pristio tb‘aRlélEPé'tbt‘%frqcé‘?\‘F ek?f:“@eé efh§ A shoul d
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where no congruent electroporation overlap points develop, which allows the macromolecule

to be inserted into the cell of the subject without overheating and damaging the cell or tissue,
as described above in Figures 1 and 2.

[0075] As shown in Figure 7, the initiation of the electroporation event begins
with inserting the needle electrode assembly and the desired macromolecules into a muscle
tissue of a subject. The VOLTAGE SELECTION SWITCH (1) on the XEP-100 prototype is
set to the desired voltage, either 100 or 200V. Next the power switch for the XEP 100
prototype is turned on, and the lit white LED (11) will confirm power. The operator will need
to wait 5 seconds to allow the electronic circuits to stabilize. During this interval, the
ENABLE button (1)is inoperative. When the operator is ready to use the instrument:

[0076] 1) Press the ENABLE button (1). The orange LED (8) will be lit to
indicate that pulsing can start.

[0077]  2) Pressthe START button (2) to initiate pulsing. A flashing blue LED
marks each pulse. After 6 pulses, both the orange "ENABLED" LED and the blue
"PULSING" LED are extinguished.
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17 WO 03/076006 PCT/US03/ 06833 The prototype has di nmensions of 15 x 30.5 x
34 cm with a wight of 6.2 kg. The entire device is encased in a shock
resi st antweaBerdg@ht case. 100741 The XEP-100 prototype f@cTaSoscisBar

el ectroporation systemused for facilitating the introduction of a
macronol ecule into cells of a selected tissue in a body or plant has been
constructed and a protocol for the working operation of the prototype is
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T Ssue oftmrbedirsis Vi St  CetioESomrd SRR YBRb T RATEE Fhe
hypoder mcs J&@&fﬁ'v@mhﬁﬁ&noﬂmsfo%@ﬁﬁleébntﬁe%ﬁﬂﬂed)igaﬂl subj ect and activation of

t he progranmabl e current pulse controller wll distribute a

const ant - cur r d#79k1 ey dleciiopgratos is ap inhersatl fanBeIOPS JEViSe: ERIENLIBLLT odes.
The consjapte GUFEGAWHEh GGhE 1t \flldglerg 'dlleﬁ)grtlcﬁlaﬁh&@ﬁi@ fHak &lduFist S RGhESROT ati on

event that occurs I n an are ere congr uent el ect ropor ation overl ap
poi nt s detentom, Foweixahplghighwoltages anspresentet teengedle elegirddes thafsan qavse seYyero t he

cell of t he SP bcl:x%%tal% Q%Httact%vﬁfrgﬁ%&\%&gli gg%%@&g&'sdﬁgs c;cgtl?r &Ekdvofﬁ'ﬁta SSUe,

as descri res ure 7, the
initiati thius@fe rﬁdvemeﬂxtenansred}hglt}mtshowk reaoen&kulttieqmrtt&:r injurthlensersparhgmaﬁbe needl e
el ectrode asse and the desir MACr oo 0 nmus, c e, tissue of
S ool oo eenanel e AR b T AT e SEile i Mo Ba ATt e <
set to thgneas dS;ﬁQatMQloin@l}&s a@biduetivebatd bevvediideleduts anb gropadye rleskagd ch for
the XEP 100 prototype is turned on, and the lit m'tﬁa@q?e}nll wil |

confi rm potwen a%%ék%ﬁ%‘ﬂ“?ﬁqylﬂowgﬂou@éhev@w Eheqmagy $FHEH S he

el ect r onijgnigddldyWebign 12 ffi@Birhpt& wiiddthdhif BleferbiBbEfr¥dla prbfisly JFORNBE but t on
(1)is |nope1r atwg 1§n When tlhe o%erav{or IS rlela yerglo use tahpr l%\Eﬁlgtrurnent: [00761

1) Press power giaB Howryer, gvieyt the unif fccopnegted éo arEmtieByitivg faulty grqupging pin,
the current may reach 8 microamperes. Although these values are well below the 80

microampere threshold that may induce ventricular fibrillation, care should be taken not to
touch a grounded operating table when using the instrument. When standing on a conductive
floor or moist soil, the operator should wear shoes or boots with rubber soles. Additionally if
two electrodes touch, or the electrode assembly contacts a metallic object when pulsing the
excessive current can melt the electrodes and spattering molten metal, which can cause severe

burns. Therefore, care should be taken to avoid touching the electrodes to metallic objects.

EXAMPLE 2 - PREDETERMINED VOLTAGE VS. CONSTANT-CURRENT
[0080] In order to demonstrate the advantages between prior art and the current
invention, an electroporation experiment was conducted in a porcine muscle. In a prior art
system where a predetermined voltage has been imposed on the electrodes, the current
increases at the moment of electroporation. Although not wanting to be bound by theory, the
current increase is due to an increased cell permeability that lowers the interelectrode

impedance. In one trail needle electrodes were imbedded in the porcine muscle and a 50 mS

19



I ndicate that pulsing can start. [00771 2) Press the START button (2) to
initiate pulsing. A flashing blue LED narks each pulse. After 6 pul ses,
bot h t he woanes0d&ENABLED' LED and the blue "PULSING' LEDpramasestdésagui shed.
18 WO 03/ 076006 PCT/US03/06833 [0078] The procedure can be interrupted at
any tinme by pressing the red RESET button (0). After a resetting, 5 seconds
must pass before normal operation can be resuned. Because the pul ses occur
at one- S g dsr}feﬁ(/?{'@d% u{ehﬁus%mglu@%amegmdhﬁ% atp?mtszﬁnmlsdm &ep as |ong
as one second to allow pulsing to be synchronized wi he internal clock.
When t he indresse uoqmeamrthq porging mastlefisskodiiguae BARd hisonaylpahtodn excesdiye ode pin
I s broke nqr e S 1S, ter to
m scount Qe%eratl)ture i nX rQéuﬂL‘ Q%It %&pr@%ﬁ%gwmsﬂ S cTéqge%e?%nC%%g %ef ore
nor mal opmhaﬂng Gmluescanmamrﬁxﬂ coﬂihnsonahpmrsart dedroperang andiagsumigpbatitoel bef or e

anger ousSHERACEoaIry IS ruhhes i cane ciiGenEREnk Bl pedalfenig, e

Ther e ar gs §13gettb Ghikyd thehaapdrataretrRabwiigasibek mnspmwmpacavkrage cmetneaﬂ on. For
exanpl e high voltages are present at the needle el ectrodes t hat can cause

severe HipReresacesed yaiseldpadimpedapesafae phgs isgprroxippsidy 69 °C. ThispRints @pnt act

does occ y result

9053, 0CB e s By MBI S TARy TBVEEPAL-GRYSH o WGy FRIGH

oper at i orvirofilatohyesydtewi toggmors enlugloldatisa thal the camuletiys temperaturg tisgspiHaot. When

t he oper at o Iet ond t ween the el ectrodes and ground,
a "l eakadgsu téﬁ??‘ SEHEHO f%%%ussueg%& Fle@t?oqufagegéjency fl ows through the body.

The nmagni t ude [@d81] hi dn cmtfaemtheladvantagabf wcbnlstymtelasnegtrsytstest tiacthoaneat es when

the unit is, ene d from.a raunded r ou ver, when
the uni t SbCORHIETE bR Bt S e el B B P erP  o

current mng Aasdin 8 coisEinPARA! §StemAbsuto O ntehas:easéad ARperes B tmgidrclbel ow t he
80 mcroanpere threshold that may induce ventrjcular fibrillation, care

shoul d benyssleehigne 8B)o Agcorrting! ‘él%%’tﬁﬁ’&é‘&t Bisesaza mrhgah Abch agpess elrlag the
i nstr urferbhmoam EPul%gl@&Hnegal@mhe RO BEda¥ethe f:\!lr%f 1s%es@pdt§tlev%mvhere the
operator shoul'd wear shoes or boots with rubber soles. Additionally if two
el ect r odekathggetnoteecurhe el ectrode assenbly contacts a netallic object when
pul sing the ?%ﬁﬁis' ‘ﬁ%e%H&Je%Q&m@@é’bhg@'tﬁe diftGrefle SELIRABTwPRbUEPApd:ERE NI
nol ten netal, can cause severe

muscle tissue for a pulse of predetermined voltage and a pulse of constant-current. Figure 8A

demonstrates that the current changes in muscle tissue as a pulse of predetermined voltage is
passed through a porcine muscle tissue. In contrast, Figure 8B demonstrates that a constant-
current is actually maintained in the during a pulse of a constant-current pulse generated by
the constant-current system of the present invention. Thus, the present invention maintains a
constant-current through tissues and prior art does not. Additionally, similar experiments
were completed on bovine muscle tissue and a saline solution sample. In each experiment, all
the results showed the same characteristics. Therefore, the current is not altered as it passes
from plus to minus in a selected tissue. The current traverses any and all obstacles provided
that the pressure of voltage behind the current is large enough. However, should the electrode
impedance rise to a very high value, as typically happens when the tissue surrounding the
electrodes are charred, then the constant-current source will "run out of voltage", and the
current will decrease. This will protect the tissues from any further damage, and protect the
electroporator from electrical damage. Consequently, the electrodes of the present invention
can be short-circuited (e.g. as occurs when two or more electrodes are contacted

simultaneously with a metallic operating table) and no damage will result.
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bunms. Therefore, care should be taken to avoid touching the el ectrodes to
nmetallic objects. EXAMPLE 2 - PREDETERM NED VOLTAGE VS. CONSTANT- CURRENT
[ 0080] | nworodereob® denonstrate the advant ages between pri ®@CTASD3/eqsd3 t he
current invention, an el ectroporation experinent was conducted in a
porcine nuscle. In a prior art systemwhere a predeterm ned voltage has
been i nposed on the electrodes, the current increases at the nonent of

el ectroporati ggogsfl t NQAHGHeH Wyrived tihjaetidnO fORWRAUBY BY vihdeesnstant-Brencur r ent
increase is due to an increased cell perneability that | owers the

i nt er el eclecgaporatiapgetianteterre meged fordslivering thereaceqmalecuisg ko higsedls phBedded i n
the porc ljsﬂ?je&uﬁﬁér%umfe RethOisT6 m%c\zon\(%e&y &Fl@ & fnGoliddells3h @083 Bissurlyt sS€ was
ot e ti1ssue, I C e

delivere e nusc resulted in an approxinate 5 Anperes
i ncr ease annorganisnewan iba domplemented neithngsmbipatorislsuse Wikh ther eurgny invertion. may | ead
to an excgssiye te ature ris e | Therise in

t erper ot CPEabr s BRIRr 20 M4 s PorfR S ahbe b heEPinle AEMATREATE, T
prior ar ttiseleat bii ongorieh,as descebel hesdnionas gotildde khdven towot offediearykskil @dthdy t he

el ectrodes i s qQne cubic E.enti nmeter and the stgecific heat of .the tissues 1is

cl ose t o ol eised in spmBInaton witly the Rreseht My SRiEPT SHCRH VG A5 1YeU &S & YiKO an

aver age GHéth&Rtindhidebut HTRETIRSiteAES, FiSroprojetRle®dMbirdment(POEAdpIEAtiGf NS> ohms i's
approximately 7.5C. This points_out '

the necessity of inserting an adequate
del ay  bot WOKH/EisBY ek s 8% Y8sPatens Nest S0 G S B 55030 cp By syst em
tor emves,séag% Rnd1$ 348§, ddurhct iRCorfo el RlrdiY By feRPNEE)2b HeRatidnS@thMIicbn NOt

result in destruction of the tissues being €lectroporated. 500811 I n
cont r ast ,cattide fiberafiKaapelenfer al.cbiPr &hB.- Ratent d¥as. §,382.674 prd B4t 76hecaglyr r ent

can be pr. ) .0 R ' '
dest roygdsgq%gér&g?(gﬁgﬁﬁg&@iﬂéeﬁ%@%ﬁ@é&?ﬁ&gﬂ@ 8&6}%{3 Qﬁ &?0 u%n?g%rgﬁgé'zagérrﬁ?r esults
in no netNosn6/50a6E6 aml AHGB05Ss each ibdvepgrated herein hyusfekancé)-by REG-188)iated

Accor di ngl here is n et i ease.in ,p Whi ures cel lular

Survi val absiorim oL pRGe Sl U PRET R 1R A 0% R0 it et a
a | evel whesiebEridrenceleBy desidetion/dibitisciédiatéO8A Lipthke; asdriveonbiamines show
the difference in current, fl ow‘{sig]rough a porcine nuscle tissue for a pul se

of predet¥FHNgRadstsed HfOnAeHon BR-UFRlHSITORUM Nt . Fi gure 8A

denonstrates t[Mg t heafoder eRboBiRRNOSTShE ThvBRtfon!i€td pefors aAeIRubkiSE off
predeterm ned voltage is passed through a porcine nuscle tissue. In

cont r ast , dreg-tpaded BHCktom e g tissug Inasutiect-oABIg dapded vesicles are introduced into
a specific tissue in the center of a plurality of needle electrodes, a constant-current pulse is

then used to create a dielectric breakdown of a specific tissue surface forming passage through
which the drugs and genes are transferred from the vesicles through into the tissue. The
constant-current pulse would be generated by utilizing a programmable current pulse
controller that will transfer the constant-current pulse between any two electrodes of the
plurality of needle electrodes. This method will minimize an impedance between the
electrodes and prevent cell death due to heating. This method would also take advantage of
the electro fusion of microbubbles to transfer drugs and genes across the surface tissue and
possibly into the blood stream and, if desirable, subsequent electroporation into underlying
tissue.

[0085] It should also be understood that numerous changes and modifications of
the electrode assembly itself may be made therein without departing from the spirit and the
scope of the invention as defined in the claims. For example, another embodiment, the
invention provides a method for delivery of a macromolecule to a cells that make up the blood

vessel walls or simply cells in culture. With modifications, the needle electrode array could
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current is actually maintained in the during a pulse of a constant-current
pul se generated by the constant-current system of the present invention.
Thus, thewproesambe i nventi on nmai ntains a constant-current PCIrus0shesss ssues
and prior art does not. Additionally, simlar experinents were conpleted
on bovine nuscle tissue and a saline solution sanple. In each experinent,
all the results showed the sane characteristics. Therefore, the current is

not al tengd 3Srel iMBSS&thetdr re?%%hg&eua?rra Qhdlli§ USnrieBted e fl 868 PrdgkeHSble The
current traverses any and al | obstacl es provided that the ﬁressure of

vol t age bwtremtcpuisheonstalleeand fosver supgbieselssnnnd hespine Tbe catbetendonldbelasedct r ode
| pedanca, kS ibd RsskPind S A ot BE Betivinta BARREMS, HERRsA fign ! | ssue
surroundi Ng the el 8ct 0des are charred, then the constant-current source
wi | | " r untibiing @fconstdnt-agresnt pargtolsklescribed hreegnt, whi¢th waldd nataserhedl i destapy |

protect the tissues.fromany_ further damage, and protect e .. .

el ect ropc}F%l’Evﬁlul 0?"]!‘8??11089(3'8?8? -cHie gn -ggrr%%glgal\ﬁvgﬁl[d%,ge{xﬁ{%teép%gttﬂ%z&%% of the
plr esent dipwg:}ﬁihh@me cGidé¢ht gelss !Skmtﬂlbﬂeﬂ that usiilll ednsfer.-tge coﬁhStaﬁJtled]n_uE:ﬁt padse betwaen or bIm) ; e
el ectrodes are contacted _sinultaneou th.a net ic operati tabl e
and no daA§E° W‘l“l(’d?%fﬁl?etp.lu@bty_ fl?g‘ﬁ@%%‘ﬂgs' @g‘gg‘fﬁ’é@gﬁse ch%é@]%g%\l t hough
syringe ihih€inkOBudtodn HP&dtuB¥nd Methbd FoGIANS bA BkcefblitmRhardd® fdr ARBARAG i ON | S
the preferred method for delivering the macronol ecules into the cells of

the = subjreer resylatrsdelivery abmecraspleaeles intrtherplopdsiiiaBcul e delivery to an
organell e, a Gide Wat'ltlﬂetscﬁﬂﬁarﬁ-rcurrglﬁ pgfsgggﬁe?ﬁkcf iy glb?%%ﬁgﬁ@%ﬁgggﬁﬁlg Pﬁfg% hby

conbi natori al “use e current ‘1 nventi on. ir .
whi ch a naotralien lrensfdre theannstant-cwrireno pl sedebtween @npatwaglepanedéd of thegplurelity of a

ti ssue or_a rgani s as, descri bed her.ei.n.or one of
or o nar v neile Refd s MendiP iR e Risiel SLE Bty BB lde BEw AU, ity 00
i nvent i orof efettedmaghetid rdiadion thed i capablexf elécuoporawdnuddellsican hlsslgenefatetheat:t € not

limted to, m.croprojectile bonbar nt (P lication Nos., WD 94/09699
and o5/ oISl ol amps e e §0T 0140 ety SRy SRprSRahGRe cWRalo. 916,
5, 538, 87 hudddomroli3o®aer formsloRAchomAGRIiDAUALIBARE Fétielchdpdrfiof ERERY ; by
agitation with silicon carbide fibers (Kaeppler et al., 1990; U S. Patent

Nos. 5, 30be igizamplifuds hegtingns siinigizeA Whempsngrsoatrellpr pissudtas desgriged ihesiive) ; by
Agr obact &l 'ﬁﬁrﬁgﬁ'@ 'élatl‘%fie{alhﬂﬁ'é ft&fn'aﬁée' c@ﬂ-p&'ﬂlﬁ&a of @etllefﬁgion,w @0\&9 %ur@%@n and
5,563, 055, each I ncorporated her ein by reference); by P% medi at ed

t r ansf or rggnérater ofn grediceing ot morelhigh pevear gadio-figguendy pgsesahat cambe appdise, 500,

P upt o BRAERR air DELRLAY THE TREERERkhey P kah 66 Bl BRLARD: Bidd e el ot ed
applied energy of the field to contain more than one Fourier component and is efficient in
inducing cell poration or fusion, as indicated in U.S. Patent 4,822,470, which is herby
incorporated by reference. However, heating of the tissues may result, therefore adaptation of
the current pulse controller system of the present inventions would allow one to monitor the
impedance of tissue between the electrodes and adjust the radio frequency accordingly to
prevent heating of tissue between electrodes.

[0087] An electrode assembly with a more uniform energy distribution is devised
can be achieved as follows:

10088] When voltage is imposed on electrodes in a conductive medium, as shown
in Figure 9, the maximal current intensities are found at point that lie on the line joining the
electrodes. Points at a distance L from the line experience current intensities that are

inversely proportional to L. Thus, at some distance L the current at point B is one half of the

intensity at point A.
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such nmet hods used in conjunction with constant-current el ectroporation.

[ 0084] Anot her enbodi nent of the invention is to performan el ectrofusion
of drug-woadethovesi cl es to a specific tissue in a subjectcTisugodseaded
vesicles are introduced into a specific tissue in the center of a
plurality of needle electrodes, a constant-current pulse is then used to
create a dielectric breakdown of a specific tissue surface form ng passage

through whi Cfi?]és'@f_ drigad@nsch SRS eldétRodkS B s8&afld ohtlifed ih FRuNSSERlte'S
through into the tissue. The constant-current pul se woul d be generated by

utilizi ngna differgntzamaretyl distdhmtion profenl Eer exammie sither #7q Raifs ofjqlsctrodess er t he
- Y | . i f
constant - GHEj ?19% lsap H.ﬁl% ?nscps%ng%’l\%gg b%g ms{a\q@e 2L eCthk 04GR fenetr%eat pBln¥ Baelqhéliy hg

needl e el’'ectro mnimze an | npedafice bet ween
el ect r odebatafigoiptr &)\esshovoein|Figieath Thisissimile tot theigne UFkd © obtaihaneleattidall al so

t ake adv age.of, the electro fusi.on. qf .m cr.ob drugs and
genes acr 3 t‘thé' ﬂsame]s;éo&ée,?ygtélg%er-g%ndng lﬂ)lglsvél f‘i}rclll#)‘glﬂﬁ%aﬁ(gf%é%gch%%m and, if
desi rabl e, sulje@gyentTiel@aiehopar bd exaended t® anynnienbey iofiglectrodes.u&igufd0B5] | t

shoul d al so be understood th uner Qqus change nd nodi fication f the
el ect rodéﬁa‘g%ﬂ‘fﬁe‘ ?‘?cfrggq “T“%?E“b Stﬁ%ﬁ?i‘ ‘? Fhosed tﬁﬁtf S{Hffrg)éi{é‘bég? Xalrt@o‘?“rfgm t he

spirit angohdidhirdoFaRe afpoiktne AMEHrdcOUIRS, (@b 2B 3 And Réo €), PHiRBB Hadr
exanmpl e, anot her enbodinent, the invention provides a nethod for delivery
of a macrespivedaumuiagvedesgequal fthet ¢hgRBt p t he bl ood vessel walls or

sinmply cells idgogﬁg' t UL Ethe WitnBei B Eduoats MR afrdlard SR aBe £ HRCLEQRR @I r ay
could 21 WO 03/076006 PCT/US03/06833 be conveérted into a catheter

el ect r odencagssary tq yiald ajupiformmensegyedisttibutidndeeamas ppenotroaatebydprger.cuken® pul se
troll . i i .ef n b
cont 1 ol | &, B0 RRURL SHRRN B SIdSRE DER DR Shey HiSaRATHAL BF bl be

pl aced inside’a od vesse macr could
directly dredte dulbenvafsdetirodualalgreater ivbiumiernd tissue oasthecenteropassent pr ot ocol s

descri bed herej whi.ch woul d not qverheat or destro t he | I t he
bl ood vessel . eil?‘ﬁ’é]con CQREM ldwpg’ﬁrto(%ﬁﬁi;%@%mfe&%aédﬁ%%‘glpﬁ[}’gdg\@?eﬁﬁi?i zing a
pr ogr amrahieridl 46 beidnsRuled endIRov fa0 ktliedispdit bétwlebn injerfisd &1d dldtroporation.
constant-current pul se between any two el ectrodes, of the plural |“€ of

%hg. Such

needl e el ectrd0®B] THPRe 35B¢% G thi prieseak inyention) ip aguoduiar girstrode sysigny

an appar ahisaviig iietddfleciR! b S ofhof el 48R nikRESPMnE THeRomPbAdaklof and
nore regul ated delivery of macronol ecules into the blood stream_ 100861 The

const ant -tbeisystam inslids @ Phuplity &f aeedls elactipdeymawedhPea SURPOEHrugiuTesiith a

configuration for penetrating the selected tissue. In a preferred embodiment, the
macromolecule are injected into the selected tissue with a syringe. Together the plurality of
needle electrodes and support structure form a needle electrode assembly that can be mounted
on a handle. The handle also contains an electrical connector from the needle electrode
assembly to a constant-current pulse generator subsystem. The handle is designed to provide
a user an easy means for implanting the needle electrode assembly into a selected tissue. The
utilization of disposable needle assembly and snap-on mounts on the handle allows a user to
quickly attach and detach the needle electrode assembly.

[0094] Another embodiment of the present invention is a method for introducing
macromolecules into one or more cells of a selected tissue in a living body or plant, which
utilizes the modular electrode system described herein. In a preferred embodiment of this
invention, the modular electrode system and method allows an operator to grasp the handle of
the constant-current pulse generator subsystem, attach the needle electrode assembly, and
firmly insert the needle electrodes into the selected tissue. The macromolecules are then

delivered into the selected tissue of an animal or plant. A syringe with a specially designed
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controller transfers the constant-current pul se between any two el ectrodes
of the plurality of needle electrodes wthout heating the tissues. It is
further uwoesst@od t hat the use of any form of el ectrona@gaaitiso3/oads ati on
that is capable of electroporation of cells can also generate heat. One
skilled in the art will appreciate the ability to slightly nodify the
programmabl e current pulse controller to other forns of el ectronmagnetic
radiati Ognémézcﬁﬁolé&ﬁe fRiRAbA eﬁ%fqag@'c%béugéa_ delidringt ' 6infle WdsABGckdiiadin Beat i ng i's
mnimze en using a controller circuit as descrrbed in herein and in
figure 4.préteriliesdmpiremoleenlesidabdedyasiplanpesmnristig. bya preferred epgbashiment this gh power

functi on o 0enenALe

C Eggpﬁ - I  radi 0- ncy
pul ses that can Be é‘ﬁ%f’?’g ?(ggrgﬁns?%grﬁgz{gﬁcﬁ Q%ﬂggg%}gct r%ld@ge. &?{?ﬁeﬁqﬂg
r adi o- f r eijighndoge parcemratian obpresterdtzeth macroswolectles lshdapresthrlized ppllaveshagmer gy of
the field tq contai n.nore than one. Fourier.caonponent and is efficient in
i nduci ng n(‘?‘é‘ﬁ? e’ﬁS‘?‘g‘Eg gﬁméﬁe plastic spniaiger Hoﬁtbqnctohl?tenﬂicﬁnﬁy éﬁ“‘gaéfoéﬁlufvlthl,n%kez, 470,
which is | d&ﬁﬂhfﬁﬁr out Pﬁ@l@@lﬁﬁi;ﬁd’tﬁb}hdl&?f ﬁédﬂmehh enliesvRydiE is ilveaed ing thd bddyer t i ssues
may result, therefore adaptation the current pulse.controller system of
the presdinti HFSRt Y208 OhidE PePSEaT BRI g R ﬁ‘i’”tt?S’lugrt‘ﬁ‘il ISP RAGO0YaYT i ssue
bet ween thges! QedfiQUgnIsend @eipnshlith W8 deadle RIdctrogideqiel tht GO dsbemtedlved O
prevent heating of tissue between el ectrodes. [00871 An el ectrode assenbly
With a melestroparptinngvereicgyrs di ai aed Whers iojcongragit SEEiroRosHioBO Ve RVEY as

fol 1 ous: k00RRITIVRANLBYPOPYE Sl TS S OPURLARNERHAS BB GARAUSEL V°

medium as s e maximal current Intehsities are found at
poi nt t hand theemaeromhlecile pee dedivereddnto He cel|of the sudest witlhdutoyerheatiag dindt ance L
fromthe |ine experjience current intensiti hat.are .. i nv .
proport i oJri?g’laglflgt e.ceq’ﬁﬂtés‘,su%it"{‘ gucgﬁlgr e(’i‘llrbso?1 3‘?\%%0{‘%? ﬁrg&élﬁlr%y gnrﬁonésttﬁ%)gﬁ%méyi s one
hal f of tdi¢he cofidt@iiuirynt plilsp génatatoh sutRPstOtABAILHGANE tdRETize i eHE8BSfor [ 0089]
The addition gf rlgrzl el ectrodes é‘f tlhe scenari o ogjtlined in Figure 9
resul ts e % 1B field oAt agerss Yi ugt LanRIR PEWCISPBICF [S4iangerQus Of WAHEMhhen t wo
pairs of electrodes are placed side by side and separated by a distance 2
x L, the 1] 1 i that of point A as shown in
Fi gure 10é§1§r' F&?é‘ﬁ‘?ﬁ@?’é’ﬂﬁoﬁéﬁﬂgﬁt o obtain an electrical filter
with a flat r¢eshse,Diffgreat maggks hdvadiffecent tisdueredsiaice duerto diffesntidl musgeak
;FZE? ng lg %ensaw' %a(%%%? in Irt]de coﬁgge%% ﬁtetﬁ, asc?aedis%églﬁ%%?a%dttﬁclgl% S. [}nge%l o?f

injected plasmid expression is dependent on the tissue resistance. Ifthe injected muscle suffer

considerable damage, the level of plasmid expression drops. In the following example, all
animals were injected using the 6 needle array electroporation system/200V/cm, 6 pulses,
variable orientation.

[0096] Secreted embryonic alkaline phosphatase (“SEAP”) values in pigs injected
with 500 mcg synthetic promoter — SEAP (“SP-SEAP”) construct into different skeletal

muscles are shown in Figure 12.

EXAMPLE 4 - ELECTROPORATION ON PIGS USING 5- AND 6- NEEDLE
ARRAY ELECTRODE

[0097] Five hundred micrograms SP-SEAP was injected into the sternocranialis
muscle of young pigs. The injection was followed by electroporation using either the 6-
needle (“6N”) voltage-based electroporation system (at different time points after the
injection) or the constant-current electroporation system of the present invention, using the 5-

needle (“SN”) electrodes (Figure 13). The condition used for each individual group are listed.
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shows a three-electrode array. The distance L is chosen so that the energy
intensity at point B is one third of that at point A After three pul ses,
(1 to 2, wotw/noand 3 to 1), point B has received a cunulpatriuses/osse equal
to that of point A [0091] As the nunber of electrodes in the array are

i ncreased, the distance L necessary to yield a uniformenergy distribution
becomes proportionately longer. L = k x n where n is the nunmber of

el ectrodes, angodg)i S Senith QRABILS \Qé}elcbﬁeeteg%ﬁ;r@ﬂ{e injdd68 and¥t SRIELI A9 2
greater nunber of electrodes a greater volunme of "ti ssue can be enconpassed.
[0092] Tmpsquqcmn Weighisrweané resprded ptole sanehidse Roiftsy Sﬁéﬁeﬁm@ﬁnm@cvm une of
t he

i nj ect| o gsa e eg&%&g&z@&g& ¢t a?tgld%%wg&t 1“:5%@?“ o] h%q geﬁtg?he%g{r?t I nvention
is a m)dLdoastamLoau'emt@mhetregmatmmswcm|gmes odube wg)rmmndﬂmllééhﬁ witagsbasedne or
nore ce I an.animal or plant. The conponents of the systeminclude a
plurali tye%cgroﬂ%rémrbsyéﬁe@(:t rodes nounted on a support structure with a
configuration for penetrating the selected tissue. In a preferred

enbodi ment, the macronolecule are injected into the selected tissue with a
syringe. Together the plurality of needle electrodes and support structure
forma needl e el ectrode assenbly that can be nmounted on a handle. The
handl e al so contains an electrical connector fromthe needl e el ectrode
assenbly to a constant-current pul se generator subsystem The handle is
designed to provide a user an easy neans for inplanting the needle

el ectrode assenbly into a selected tissue. The wutilization of disposable
needl e assenbly and snap-on nounts on the handle allows a user to quickly
attach and detach the needl e el ectrode assenbly. [0094] Anot her enbodi nent
of the present invention is a nethod for introducing nmnacronolecules into
one or nore cells of a selected tissue in a |living body or plant, which
utilizes the nodul ar el ectrode system described herein. In a preferred
enbodi nent of this invention, the nodul ar el ectrode system and net hod
allows an operator to grasp the handle of the constant-current pulse
generator subsystem attach the needle el ectrode assenbly, and firmy
insert the needle electrodes into the selected tissue. The nacronol ecul es
are then delivered into the selected tissue of an animal or plant. A
syringe with a specially designed 23 WO 03/076006 PCT/ US03/ 06833
macr onol ecul e i njection cartridge can be used delivering a single dose
concentration of
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presterilized macronol ecules in a body or plant conprising. In a preferred
enbodi nent this nmacronol ecule injection cartridge conprises a plastic
cont ai nerwpasrene t hat contains the single dose concentr &Crarsos06833
presterilized macronol ecul es, and a presterilized hollow sharp needle
extending fromthe plastic container portion that will convey fluids from
within the container out through the tip of the holl ow needl e when the
needl e isw'rlgﬁgrcfaﬁged:nto the body or plant. The activation of the
programuabl e current pulse controller will distribute a constant- current
el ectrical pulse to the plurality of needle el ectrodes such that a
decentralized electroporation event occurs in an area where no congruent
el ectroporati dn ovér Inplupoi elestrodd esysteop. foll hiacibiating athiel ittsodudtionhef cael |'s i n
t he area of decentr.alize ?I eclt ro torat.i ori)oidncrﬁaneso and the macronol ecul e
are del i VEFEINY'HUS TIPS Ee19 2 87 TS dcP Wt hidti “OFEPEat i ng and

damagi ng the cell @) tispluglitydvfihséddeéctoaitadt penstratii thdweleptee ek, thearvent i on
is the portability of the constant-current. gul se gener at or subsys%emthat
allows one to utilize bRPFHMP B%F%[}s"I?CHPdCS?I?B QURHECTE SUPRPTHBIE A ess and
use of a plug in power sPIEELIniaSpstRdQ4tRIAShip andNCcoNveni ent. EXAVPLE 3 -
ELECTROPORATI ON ON PI GS. [0095] Different nuscles have different tissue
resi stance due to differential nuscle fiber densi tés’ysf at protein i’:\nd

col I agen content, f%sci& QPStANF-EHITENDNPUISH dSINeTaN N SURSYSHE e Rlgotife

injected plasmd expr es%&ﬂuﬂi&aﬁ@ﬁ‘%ﬂ@l%ﬁlu@ﬂtytd?ﬁeédlééé@roﬂ@ﬁfbﬁpﬂﬁ?a I'f the
i njected nmuscle suffer considerable danmage, the | evel of plasm

expression drops. |n theonS@nt-@wienigoudsg Rapsean any pluralityj abglestrogss.e i nj ect ed
using the 6 needle array el ectroporation systenf 200V/cm 6 pul ses,
vari able orientation. [0096] Secreted enbryonic al kaline phosphat ase

(" SEAP") values in.pigs,i,necte it h.500 ) het Q r .- SEAP
(" SP-SEAP") ¢ hstr$§? '%loflllflglje?lcirf’éejersg\#fmgﬁéﬁlg% g}:“%errfcyunsqh %Lec%(riggsg ovz\f? 09)6 Fi gure
12. EXAVRbnpéses nusEIETIREIRORATI ON ON PI GS USI NG 5- AND 6- NEEDLE ARRAY
ELECTRODE [ 0097] Five hundred m crograns SP-SEAP was injected into the

sternocranialis nuscle of young pigs. The injection was followed by

el ect ropor ati 8n usiThg medplae elegtrase Gystera o ickaim I Nrhproyp the phealisy o apeedle

el ectropqyat.| i j i Nl {on) or

t he cons% ée%%r%’@%r@%%#gg}ﬂgﬁgr%syfgLEpl(B gﬁ géil;(llgfo e%%oé} Et ng{h%&rqéeeg yr%?ecinjﬁ{i/gggfo?ﬁon, usi ng
t he 5- néeddieg bs thdlpluraiteof neodle sleftFadgs penctrps thekelectehishisvé.on used for each

i ndi vi dual group are |isted.

4, The modular electrode system of claim 1, wherein the plurality of needle

electrodes are constructed from a material that will make galvanic contact with the tissues.

5. The modular electrode system of claim 4, wherein the plurality of needle

electrodes are metallic or non-metallic materials.

6. The modular electrode system of claim 1, wherein the plurality of needle

electrodes are non-symmetrically arranged around a center point.

7. The modular electrode system of claim 1, wherein the plurality of needle

electrodes are symmetrically arranged in a circular configuration.

8. The modular electrode system of claim 7, further comprising a hypodermic
needle located in an area between the plurality of needle electrodes for the purpose of

injecting macromolecules.
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24 WO 03/ 076006 PCT/ US03/06833 [0098] Serum sanples were collected before
the injection and at 5 and 13 days post injection. \Wights were recorded at
the sane womsop@pats. SEAP is immunogenic in pigs, and tipeTasps/emss on

di sappears after day 7-10 post-injection. The results show that the
constant-current el ectroporation systemgives 3-8 the expression | evel of

t he vol tage-based el ectroporation system 25 WO 03/076006 PCT/ US03/ 06833
Vhat is clai mgd: 1Thénmﬁ&le?erctrséef‘s%téﬂféeclﬁm m&ﬁ&hefcﬂ@mhﬂ dodfiguRstichlBe
introduction of a mnacronolecule into a cel a selected tissue in a body
or pl ant theplntitysifmgedlq elyctepdpd are aymmyméallymag@ veithout QRPQEIRE PYFS- penet r at i ng
the sel ected tlssue t he pIurallty of needl e el ectrodes being nounted on a

support struct ed in ced, r Iatl nship, .and (b

const ant - cur ré EF%‘@O@I% {que Y Efﬁ@fga@‘m? Tegbt ygﬁﬁdmcfgwffﬂﬂ{gﬁgti on
with the pﬂﬂrﬂl‘i@'dftnh!edl’é el@@ﬁfdkﬁwﬁh&ﬁ%@&ﬂ? e capplodiidtta deceft@dlizbdiPhttegir I ent

pul se between any plurality of electro 2. The nodul ar el ectrode system

of cl ai manringawelestrppprREoReNeatt ed ti ssue of a body conprises nuscle tissue.
3. The nodul ar el ect rode system of claim1, wherein the plurality of needle

el ectrodes conyaingua SLASLIGIAESA! 5, SRR Lol F WAeBE RoPESHSIA L e

needl e el ectro endln Iura nee odes
penet r at efectrbporsttdnasets fdins d&elo@ anE[Iae amdﬂtharde@heaiizeddatmysasarrblesfa claim1l,
wherein th lurality of needle electrodes are constructed froma materi al

t hat wil IP°&R® gal vanic contact with the tissues. 5. The nodul ar el ectrode
systemof claim4, wherein the plurality of needle electrodes are netallic

or non-metall b6 MAURL hidlidtar GectrblE sfRA bALa PALKRAR RVRIRIAbafHn 1
wherein the pl ural ity o Reedl e ectro es dare non-symetrically arranged
around a rme}etoeac143oplla5mld§ polynaclevtities aproteingcpaptides, pipttivasefs colwpositians, wher ei n

the plura Imé’ acufi chams flplds mimetcs, or pharmaceuticals in a fluid medium.

13.  The modular electrode system of claim 1, wherein the constant-current pulse
generator subsystem comprises:
(a) an electrical connector that provides a conductive link from a pulse

controller to the plurality of needle electrodes; and

(a) the programmable current pulse controller in electrical communication

with a power source.

14.  The modular electrode system of claim 13, wherein the electrical connector
comprises a handle designed with a mount structure for fastening the plurality of needle

electrodes to the handle.

15.  The modular electrode system of claim 14, wherein the handle contains a

protective electrical insulating material to protect an operator from an electrical shock.

16. The modular electrode system of claim 14, wherein the mount structure
positions the plurality of needle electrodes in a position that allows the handle to be used as a
pushing tool to aid in the penetration of the plurality of needle electrodes into the selected

tissue.
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el ectrodes are symretrically arranged in a circular configuration. 8. The
nodul ar el ectrode systemof claim 7, further conprising a hypodermc
needl e | owetms@7donc an area between the plurality of needl epelrasns/omsses f or
t he purpose of injecting macronol ecules. 26 WO 03/ 076006 PCT/ US03/ 06833
9. The nodul ar el ectrode systemof claim 7, wherein the circular
configuration of the plurality of needle electrodes are symmetrically

arranged wi thqyt OI?HQﬁioﬁglﬁoélie&&de 1Qend BECIHR 1k Afnealif e REtalISwThesaof cl ai m

9, wherein the symmetrically arranged plurality of needl e él ectrodes

Wi t hout mgstedasdaspenied to themopntodersteaseddy@etiokaeleasedngshanisn.n  duri ng an

el ectroporation event. 11. The nodul ar el ectrode system of claim 10,

wherei n no congruent eIectro&oration 0 e{lag pognts ﬂexel and an area of
13 f

the decentralilded pht Mofnlar eleeifade s¥stem of i di. whereint ARy Bct r ode

syst em OrgygreRitkht hiloWh &feBiser fNRitHRCHe BehRatlcBFe Palse 16 GheShdedRC1EtErod®! asmi ds,
pol ynucl eoti des, proteins, peptides, proteinaceous conpositions, amno

aci d chaiasssmbly.pi ds, ni neics, or pharmaceuticals in a fluid medium 13. The
nodul ar el ectrode systemof claim1, wherein the constant-current pul se

generator subsystem conprises: (a) an electrical connector that provides a
donduct rve 111K 1 1 b BoRreiinad s @R oEEFL I RersNeFostee Risufiel

el ect r odeth ipittvélage bi®lop-Gdfagepmidr ¢o the bfepfdmmabls eurtsanpuls doatrolien. el ectri cal
communi cation wth a power source. 14. The nodul ar el ectrode system of
claim 13, wherein the electrical connector conprises a handle designed
with a nount £0r uciThe enddylar felgstreds m@tetrm@fmlajmaﬁt yheseinnhe dlower spwee r odes to
Lgﬁdrgnggﬁpgﬁggaggge 'dular el ectrode systemof claim 14, wherein the
protective electrical insulating material to protect an
operator froman electrical shock. 16. The nodul ar el ectrode system of

claim 14, whengin tThemeBuaeldetbatslseR of BIamh 13, MRsrelntRe fbithmbrable c@ttenpeed! e
el ectrodes in a position that allows the handle to be used as a
pulse controller comprises:
(a) a switching mechanism for transferring a constant-current pulse
between any two electrodes of the plurality of needle electrodes and a

current pulse controller circuit;

) the current pulse controller circuit for applying a pulse of constant-
current from the power source to the switching mechanism and
maintaining a constant-current throughout the duration of a timed

pulse; and

(c) an input device for programming a logical sequence of coded

instructions to the current pulse controller circuit.

22.  The modular electrode system of claim 21, wherein the input device comprises:

a current level input; a pulse length input; and a pulse count input.

23.  The modular electrode system of claim 21, further comprising an impedance
meter for relaying impedance information between any two electrodes of the plurality of

needle electrodes and the current pulse controller circuit.
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pushing tool to aid in the penetration of the plurality of needle

el ectrodes into the selected tissue. 27 WD 03/076006 PCT/US03/06833 17.
The nodul wo sloe@bs ode system of claim 14, wherein the pl urattitsygs/odssneedl e
el ectrodes fastened to the nount are rel eased by a qui ck-rel ease nechani sm
18. The nodul ar el ectrode system of claim 14, wherein the handl e contains a
swtch that allows the user to initiate the constant-current pulse to the

needl e el ectrode %@%@&mel&&gd%}@mﬂw%ﬁﬁ2@%@&{&5@@@&&%@%&&@ m 13,

wherein the power source provides™ both high-voltage and | ow voltage power
to the privdpesantdlergensratestcopiinsueniprise ingg patipbetwasnanybie Flsptredeact r ode
system of claim 13, wherein the power source conprises a battery. 21. The

nodul ar el ectrqde stem.of claim13 er ej he. pr ogr amah current

pul se control Ier ¢ %W?@%ﬁelwydﬁeﬁ@m%f%bﬁ@’&*ﬁ%ﬁéﬁff’%‘rﬂmﬁah%%wi ng a
const ant -gulelc8hidrol RH k&ifRratdd @S0 oA ¥r thie hedhesiwe eidio fdqubly pallses thlai dry  Of
needl e el ectrodes and a current pulse controller circuit; (b) the current

pul se corfPPbd g pathrketyeenpy e Rleqiiofdes- a pul se of constant- current fromthe
power source to the switching nmechani smand maintaining a constant-current

t hroughout t hez]dj“.r al ilgg'du?gr gle&jr dg%sg%lasﬁ)} ?a[@gltz{t(ﬁ O?}r{sé ii%%'{&tﬁct%%\/io?eaf or

programr ng a‘logi Cal Sequencé o i nstruc e current pul se
cont r ol | ahaccomeledue inRPa cellhud aseldetbdtissed mct bodger plgstt enmmfsingt ai m 21, wherein

t he i nput device c rises: ..a current |evel input.: ul se | ength input;
and a pul se count ?‘ﬁgut?P‘;‘?‘“ﬁ?f e?fgﬁlglle%{?(’%gﬁ %&P?%E%ﬁ@g{)%ebﬁcqu“@f itﬁ‘? 21,
further conprising an i pRpetdanaecdi®dl&strol@being hidvhte@on MuppatitRcturfagd mat i on

bet ween any two el ectrodes of .the pluraljty of needle el ectrodes and the
current pul se controll efrranggd iff ¢ spasggd relationship, wherein a hypodermic needle is

utilized for the purpose of injecting macromolecules;

(b)  an electrical connector that provides a conductive link from a pulse

controller to the plurality of needle electrodes;

(c) a switching mechanism for transferring a constant-current pulse
between any two electrodes of the plurality of needle electrodes and a

current pulse controller circuit;

(d)  the current pulse controller circuit for applying a pulse of constant-
current from the power source to the switching mechanism and
maintaining a constant-current throughout the duration of a timed

pulse; and

(e) an input device for programming a logical sequence of coded

instructions to the current pulse controller circuit

27.  The modular electrode system of claim 26, wherein the selected tissue of a

body comprises muscle tissue.

28.  The modular electrode system of claim 26, wherein the plurality of needle

electrodes are non-symmetrically arranged around a center point.
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WO 03/ 076006 PCT/ US03/06833 24. The nodul ar el ectrode system of claim 21,
wherei n the progranmabl e current pul se controller generates a

const ant -worisemoopul se in a path between any two el ect r odesT/USBS0683he
nodul ar el ectrode system of claim 21, wherein the programmbl e current

pul se controll er generates generate one or nore high power radio frequency
pul ses that are applied in a path between any two el ectrodes. 26. A

modul ar el ect pgde ’i"b{éﬁﬁﬁlﬁ%le&ﬁﬁé Ly stedtt Bﬁ&aifrrh%,i\fﬁef&ﬂjHﬁi{jhﬁﬂli@fof%eedle
ce 0 d b

macronol ecule into a _ a sel’ected tissue in a body or plant,
conpri si elpetrédep are symmegiigally agangad i eircalag eerfiggeation.or penetrating the
selected tissue, the plurality of needle el ectrodes being nounted on a

support structure d rranged.in a space el ati gnshi wherein a

hypoder mi ¢ neéﬁ-l e ?Ee mﬂ‘?‘fl’l‘riegegﬂoqeé?'s‘?‘ﬂg%ﬁ‘ s@’lh?melgﬂ? Cé?ﬁaﬁ@onﬁﬁﬁtrag?fbl ecul es;
(b) an eIoeqierﬂhs:raﬂity%@ﬂ&ace_taéctrbb@tardxgﬂﬂhéﬂ@@n@ BRI Glithve: dpb&ding i) @ pul se
controller to the plurality of needle electrodes; (c) a swtching nechani sm

for transferring a constant-current pul se between any two el ectrodes of
the plurality3bf n&bkehedudreletirald eystenanef ckaim dwherein theidysanatrgally adrdnged ci rcui t ;

(d) the current .pulse controller circuit for appl.yin I f.. constant -
current fpﬁg?ﬁy r?£ ﬁ%@%?le(gﬁoﬁlf%gltﬁ%m CRBOSEWH R4 icﬁ%B }rgr)éi%:{??a%fj%ﬁ&gar%%gd ﬁ%tfen aining a
const ant datihg enéledtivpotagboettent.he duration of a timed pulse; and (e) an

i nput device for progranmng a | ogical sequence of coded instructions to
the current pulse controller circuit 27. The nodul ar el ectrode system of

cl ai m 26, wheBéi n The medulart el¢ctrqdsseivstani &f clapaly3 bompeicte fontaNNENt | ssue.

28, The TRl A RhEREARNRIRY 8RB Ghd Gh gﬂfmgr?@g r‘?‘é% 24 PGPl AbE Y O

needl e odes are non-symme ar ou a center point. 29
WO 03/ 07 polgokCT/ USO03/ 06833 29. The nodul ar el ectrode system of cl ai m 26,
wherein the plurality of needle

33.  The modular electrode system or claim 26, wherein the macromolecules are
nucleic acids, plasmids, polynucleotides, proteins, peptides, proteinaceous compositions,

amino acid chains, lipids, mimetics, or pharmaceuticals in a fluid medium.

34.  The modular electrode system of claim 26, wherein the electrical connector
comprises a handle designed with a mount structure for fastening the plurality of needle

electrodes to the handle.

35.  The modular electrode system of claim 34, wherein the mount structure
positions the plurality of needle electrodes in a position that allows the handle to be used as a
pushing tool to aid in the penetration of the plurality of needle electrodes into the selected

tissue.

36.  The modular electrode system of claim 26, wherein the input device comprises:

a current level input; a pulse length input; and a pulse count input.

37.  The modular electrode system of claim 26, wherein the user settable input

devices comprise: a current level; a pulse length; and a pulse count.

38.  The modular electrode system of claim 26, further comprising an ohm meter.
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el ectrodes are symetrically arranged in a circular configuration. 30. The
nodul ar el ectrode system of claim 29, wherein the circular configuration

of the plwpaBiotepo©f needl e el ectrodes are symmetrical | y ampcaniyestoasss hout
opposing pairs. 31. The nodul ar el ectrode system of claim 30, wherein the
symmetrically arranged plurality of needl e el ectrodes w thout opposing
pairs can produce a decentralized pattern during an el ectroporation event.
32. The nodul ap el ¢gt f08lRarRYeehdB 9hterh oRéimsTe, wHBIEIhd pro@afMasIE bttt

el ectroporati on overlap points devel op and an area of the decentralized
pattern mabseshitedlengengiatoy g const@s currant pulsriinlanathdickqcn ak g/ dedredes ¢l ai m 26,
wherei n the macronol ecul es are nucleic acids, plasm ds, polynucleotides,

proteins, peptides rot ei naceous conpqsitigns amino acid chains, |ipids,
m metics, or ﬁﬂar nghgﬂ?‘a‘ﬁ?;flegcfrﬁ&éy?t?‘ﬂiogaﬁ‘ﬂhj%Werﬁﬂ%ﬁm%gmﬁgfmﬁngct rode
syst em ofpufsk 3brRofiEs genbiieebrit dr Rreligehdvw et tddiCReielyPulsexbitardapgifedan Handl e
designed with a nount structure for fastening the plurality of needle

el ect r odath ketwaea apy AR dectredes. The nodul ar el ectrode system of cl ai m 34,
wherein the nmount structure positions the plurality of needle el ectrodes

in a position,hat.allows th dle.to be, use - [ to aid
in the penet rélﬁ’l onTg? n%q\rllaélaf)legercgg‘?et 557)%6 r?zéﬂ "?al %%’Z‘gl%e?edaggéi%ﬁggr :S'%)g)llysel ected
ti ssue. IOmpriks arvadetyaickel ect rode system of claim 26, wherein the input
device conprises: a current level input; a pulse length input; and a pul se
count input. 37. The nodul ar el ectrode system of claim 26, wherein the user
settabl e i nput2. deireassomealenyld iisetion caryrides far delixgeng a ingledasa consepiaion and a
pul se co . arolell] f.claim26, further

conpri si lrf’gﬁ’éeﬁég lzrﬁ-mrrlg%cer. é%?)es%gg%wgg?b%}ééP S%15'03/ 06833 39. The nodul ar
el ect rode system ofa)cl ai piast® conthinerpontiantbatgontging thewlsigls dose ¢anpentrgtios e
controller generates a ¢ ns&z%ﬁ].t -é:uirlcrrengleguqlssgnd n a path between any two

el ectrodes. 40. The nmodd"&r®erec?oae sysfém of claim 39, wherein the
programabl e current pulse controller generates one or nore high power

radi o frequency pultdes a hatstemilieedappllowecsharp acedle extending from the plastic

container portion that will convey fluids from within the container out
through the tip of the hollow needle when the needle is inserted into
the body or plant.

43, A portable electrode system for facilitating the introduction of a
macromolecule into a cell of a selected tissue in a body or plant, comprising:

(@) a plurality of needle electrodes for penetrating the selected tissue, the

plurality of needle electrodes being mounted on a support structure and

arranged in a spaced relationship, and

(b)  a portable constant-current pulse generator subsystem in electrical
communication with the plurality of needle electrodes for applying a

constant-current pulse between any two electrodes.

44, The portable electrode system of claim 43, wherein the selected tissue of a

body comprises muscle tissue.
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pat h between any two el ectrodes. 41. The nodul ar el ectrode systemof claim
28, wherein the power supply conprises a battery pack. 42. A macronol ecul e
i nj ecti orwoasréodge for delivering a single dose concentr 20Tarso3/ods33
presterilized macronol ecules in a body or plant conprising: (a) a plastic
contai ner portion that contains the single dose concentration of
presterilized macronol ecul es, and (b) a presterilized hollow sharp needl e

extendi ng fronpxthe [ j POLkihP beifMHe! NVeY nkdgwd ds from
wi thin the co%?'ai ngfr?é utdb&tﬂ%%g g}{gﬁeéntifo?nofJIBt’tﬁ)‘temhe(l)l?{vlmgvl\)/h%glexI enwhen t he

needl e i slechedestcentaing rolidingaetticiyuppprt ghigatto halp prevepothe phiralitioésesdile syst em
for faciljtating the i.ntroducti Lt of a
Bt B P s S AIB bR WLSRe Bl

sel ect ed " needl e
el ectrodes for penetrating the selected tissue, the plurality of needle

el ectrodes beijpg nNoHRLBHAKN cRctFAB RMtdm SF Elft U3 SyviRidn RMIAARYbf nbedle Spaced
rel ati onship, and (b) a portable constant-current pul se generator subsystem

i n el ect relegtipdes arsraonsirustedifiom sungtgrialiibat Will make galvasic epakagt with thedissusstes f or
applying a constant-current pul se between any two el ectrodes. 44. The

portabl e el ectrode st of. claim 43 erein the.sel ect ti.ssue of a
body conpri segs'nusgﬁ p‘?‘%@ku%?cgrﬁ% W%?%Q%‘Bb%&ﬁ@ﬁ%%/pg‘gg@§ Ofﬂgef(ﬁel'he
port abl e eglcg6dds Ackem &St @FhéH-methBic Madetialswherein the plurality of needle
el ectrodes contains a sliding needle support guide to help prevent the

plurality of needle electrodes frombending as the plurality of needle
el ectrodes ped8t r albg portableseltctrode systeans efidaim 4% whetpin heplugblity ofnerdle ode

system of ] Cl a.ersnafég’non- r%itx{i]catlggr{m\%ﬂg(? ?ljolﬁ%c{a 9Jnte{?§)§ﬂi.e el ectrodes are

const r uct®€d TT o/ a mareri a e galvanic contact wth the
tissues. 47. The portable el ectrode systemof claim46, wherein the

plurality of needl ghe pbrobld QetBSIRERIMRIBEIAINEAT) WHRRIN ERpArhit§ ofMat&lld al s.

electrodes are symmetrically arranged in a circular configuration.

50.  The portable electrode system of claim 43, further comprising a hypodermic
needle located in an area between the plurality of needle electrodes for the purpose of

injecting macromolecules.

51.  The portable electrode system of claim 43, wherein the circular configuration

of the plurality of needle electrodes are symmetrically arranged without opposing pairs.

52.  The portable electrode system of claim 51, wherein the symmetrically arranged
plurality of needle electrodes without opposing pairs can produce a decentralized pattern

during an electroporation event.

53.  The portable electrode system of claim 52, wherein no congruent

electroporation overlap points develop and an area of the decentralized pattern resembles a

polygon.

54.  The portable electrode system or claim 43, wherein the macromolecules are
nucleic acids, plasmids, polynucleotides, proteins, peptides, proteinaceous compositions,

amino acid chains, lipids, mimetics, or pharmaceuticals in a fluid medium.
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48. The portable el ectrode systemof claim43, wherein the plurality of
needl e electrodes are non-symetrically arranged around a center point.
49. The pwotabi@oel ectrode system of cl aim 43, wherein thecplusoabdssy of
needl e electrodes are symetrically arranged in a circular configuration.
50. The portable el ectrode systemof claim43, further conprising a
hypoderm ¢ needle located in an area between the plurality of needle

el ectrodes forssg the”[ﬂb'?&@aiﬁe gEctrdder§§iémrwcmﬁﬁmgn@h&@lwtﬁ@ ortible doAgamor t abl e
el ectrode system of claim43, wherein the ci rcul ar confl guration of the

plurali tycuoﬁn&mléﬁlgen@at@rcwbm@gl edmpris¢smmret ri cal |y arranged without opposing
pairs. 52. The por :@b' eaﬁa{elg&h 6 ¥§’nee L ovﬁ}asaé E'axéécm)é’f]ﬁﬂ(%?n% flse

symmetrically arra uraltyo e electrodes wthout Opposing
pairs can produce a decemitnoaéntzatbmmhtemﬁneadterqlewgom, @idect r opor ati on event.
53. The portable el ectrode system of claim52, wherein no congruent

el ectroporat i on_oves)! AP Rl afRIEhaR gﬁ?sag{@hu%n o Otk oSIRENLBH 200

pattern resenbl es e systemor claim
43, wherein the macr ormbvﬁhalpewerasoarcenucl ei ¢ aci ds, pl asm ds,

pol ynucl eot i des proteins, peptides, proteinaceous conpositions, amno
aci d chains, pids, mnetics, or pharmaceuticals ina fluid nmedium 32 WO
03/ 076006 PCT/ 803/ 6833 5 porta e] ect rode SY stem of cl aim43,
wherein the poﬁgt ab|T8e poftAb{ey ?Ctr"gﬁwséeﬁ‘% ?l?egsgg’ EHEy 7 l§ffb‘§%}§f"é‘}ﬁ°'i96rrpr| ses:

(a) an el Qplphis&ad h&RRRSIAE] Wikt MEAY sG@surd fooRsteghs MR dlirakityfdfaRede pul se
controller to the plurality of needle electrodes, and (b) the programmable

current pisciredesgpthediapdle. in el ectrical communication with a power source.
56. The portabl e el ectrode system of cI ai m 55, wherein the el ect rical

connect or ndle d S ct Qr fast eni ng
the plurali ty 3@8 ngrt&’é 818ftfogigesgsq ?Aﬁ& §Rd]~§ere Y&Ie #‘ﬁn(ﬁepg e
el ectr OdeprabéSt'ﬁ\%fBld@frlc@ﬂ iasunatmg matdiai & plotedran bpardioe fronihaleosical shock

58.  The portable electrode system of claim 56, wherein the mount structure
positions the plurality of needle electrodes in a position that allows the handle to be used as a
pushing tool to aid in the penetration of the plurality of needle electrodes into the selected

tissue.

59.  The portable electrode system of claim 56, wherein the plurality of needle

electrodes fastened to the mount are released by a quick-release mechanism.

60.  The portable electrode system of claim 56, wherein the handle contains a
switch that allows the user to initiate the constant-current pulse to the needle electrode

assembly.

61.  Theportable electrode system of claim 55, wherein the power source provides

both high-voltage and low-voltage power to the programmable current pulse controller.

62.  The portable electrode system of claim 55, wherein the power source further

comprises a battery pack.

63.  The portable electrode system of claim 62, wherein the battery pack is worn by

a user.
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protective electrical insulating material to protect an operator from an

el ectrical shock. 58. The portable el ectrode system of claim56, wherein

t he mountwetmsoedons e positions the plurality of needl e el ectrusdessssh a
position that allows the handle to be used as a pushing tool to aid in the
penetration of the plurality of needle electrodes into the selected

tissue. 59. The portable el ectrode system of claimb56, wherein the
plurality of edl I f ; t 8 asrdt by a

qui ck-rel easeagr'ec hglrlﬁlgcJ rrrt:;;l G%Sgg%?g Sgsgérr?gﬁ(?aéﬁlglségtﬁ?%gﬁpﬁ%r%ﬁ%#l@cI ai m 56,
wher ei n tpolse hamdller wompria¢sns a switch that allows the user to initiate the
constant -current pulse . . e g T, ortabl e
el ectrode systemo al)cl afl} %ng?néj\ﬁn:e?ié&ﬁﬁ ﬁée:ll %%%Zermgg)ar %@L%rrlto‘&}ﬁ%tspﬁ%egt h

hi gh-vol t age and | ow voberaerm appiverel¢atrotdsef grepduralityrabieedle glecodes pnd s e
controller. 62. The portable electr ge system of claimb55, wherein the
power source further c%‘r‘i‘ﬁ?’i%‘$9§c8m5°j [ &M 'hack. 63. The portable el ectrode
system of claim62, wherein the battery pack is worn by a user. 33 WO

03/ 076006 PCT/ US03(K)683iBe ctirflent Pliee paitiolén @reeit éart applhyingsy pilgnofafonsthra m 55,
wherein the programmabl e current . pul se control ]l er prises:.(a

swi t chi ng mechani sm f or WAL EPBy the RPWET SBYSE é%t‘hecﬁ‘?ﬁ‘g‘ﬂ& Bﬁ%&a lsgrbé?(geen any
two el ectrodes of the phhihaliiig/a @bnsi@edheert tiadtghodetealntatidan ofurtied pul se
controller circuit; (b) the current pulse controller circuit for applying a
pul se of constant- cur ridfe f rom t he power source to the swi tching nmechani sm
and nmaintaining a constant-current throughout the duration of a tined

pul se, (c) an i npugc)devir enpub dediE® For2 BFoghanmink 04 i16gtal SRGUABE S dodedded
instructions to the current pulse controller circuit; and (d) an inpedance

meter for relaying i npelsteEonsIp herfaferipulse coptEiiensifeuit; and

(d an impedance meter for relaying impedance information between any
two electrodes of the needle electrode assembly and the current pulse

controller circuit.

65.  The portable electrode system of claim 64, wherein the input device comprises:

a current level input; a pulse length input; and a pulse count input.

66.  The portable electrode system of claim 64, wherein the impedance meter

comprises an ohm meter.

67.  The portable electrode system of claim 64, wherein the programmable current

pulse controller generates a constant-current pulse in a path between any two electrodes.

68.  The portable electrode system of claim 64, wherein the programmable current
pulse controller generates generate one or more high power radio frequency pulses that are

applied in a path between any two electrodes.

69.  The portable electrode system of claim 43, wherein the portable constant-

current pulse generator subsystem is encased in a water-tight container.
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two el ectrodes of the needl e el ectrode assenbly and the current pul se
controller circuit. 65. The portable el ectrode system of claim64, wherein
t he i nputwoagio@oconpri ses: a current |evel input; a pul PETIESng0ds33 nput ;
and a pul se count input. 66. The portable el ectrode system of clai m 64,
wherein the i npedance neter conprises an ohmneter. 67. The portable

el ectrode systemof claim64, wherein the programable current pulse

control | er gengrat at 2fe gorfaeﬁ%i&%ae%%t&%wclm 88 whretn B8 WatD RNty t WO
el ectrodes. rtabl e el ectrode system of claim 64, wherein the

progr ambnéewmwhewrwcbontrol | er generates generate one or nore high
power radi o frequency pulses that are applied in a path between any two

bortabl o conatint - TEEPIANE SeAioge Suds ot rmsAboy bt R PGl o
wat er - t i ghitrestQlsabBRFatordAbMNEeMIANG QORpSed A UHts) PAkPdwer Supplyne port ab' e

el ectrode system of claim69, wherein the water-tight container can be
worn on the users back. 71. The portable el ectrode system of claim 43,

wher ei n t he pdRt abllee patebteasitctrodeisystent ofuldize’ lgwhercan the baftdvy packepowietr t her
conprises a.batter wer supply. 72. The portable el ectrode system of
claim71® BH%F%IPW%lﬁgf@gt‘{)ng pack power supply conprises 12 DC volts. 73.
A nmethod for introducing a macronolecule into a cell of a selected tissue

in a body or 7l anhm&mm&s&mh{geuﬁ&c?&ﬁoleéuae lﬁ@)aoeﬁefsage@éctela%ssde@néel ect ed
tissue with a plurality of needle el ectrodes, wherein the plurality of

needl e elbedy popled, @I@rlamgéhfgﬁé@wﬁ a spaced reI ationship; (b) introducing
the macronol ecul e ééﬁg I‘Zﬁﬁlléqﬁé ?eqlectédstf‘sﬁf‘e' wfﬁp? Iptu(fght Phé’ég[&%l@ctrodes

const ant - current e ct r I'se to the plura nee el ectrodes.
74. The nethod of clai nwliemnvﬂmpbrahlt)t hﬁnmlcreiﬂmt)@swlr@srrmged rmug kprced aci ds,

relationship;

(b) introducing the macromolecule into the selected tissue; and

(©) applying a constant-current electrical pulse to the plurality of needle

electrodes.

74. The method of claim 73, wherein the macromolecules are nucleic acids,
plasmids, polynucleotides, proteins, peptides, proteinaceous compositions, amino acid chains,

lipids, mimetics, or pharmaceuticals.

75. The method of claim 73, wherein the cells of the subject are somatic cells, stem

cells, or germ cells.
76. The method of claim 73, wherein the selected tissue is muscle.

77.  The method of claim 73, wherein the plurality of needle electrodes contains a
sliding needle support guide to help prevent the needle electrodes from bending as the

plurality of needle electrodes penetrates the selected tissue.

78.  The method of claim 73, wherein the plurality of needle electrodes are

constructed from a material that will make galvanic contact with the tissues
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pl asm ds, pol ynucl eotides, proteins, peptides, proteinaceous conpositions,
am no acid chains, |lipids, mnetics, or pharmaceuticals. 75. The nethod of
cl ai m 73, wotwneaionc t he cells of the subject are somatic celplcy/usss/eisss cel | s,
or germcells. 76. The nethod of claim 73, wherein the selected tissue is
muscle. 77. The nethod of claim 73, wherein the plurality of needle

el ectrodes contains a sliding needle support guide to help prevent the

needl e el ectroges fihemdBRAGS 8GR I3 tWiereil tHerphlrhlity oPheddRAMcErogdsaed higHes
penetrates the selected tissue. 78. The nethod of claim 73, wherein the

pl ur al i t ySYBimstdeady arangst @royada et Po¥nst ructed froma material that will
make gal vanic contact with the tissues 35 WD 03/076006 PCT/US03/ 06833 79.
The net hod of gl ai m 73 rein. t al ty.of..needl I rodes are non-
symmetrically 855(\1)? r anr%lgd'h %{l\r{\é(;(ﬁﬂﬁdgn%ggt g'lrh gr%loni {r?ﬁphgﬁl.ltyﬁe}(ejner%}%lgheg%hcg Sct&im 73,
wher ei n tdymnpdtticallly iafrgngell ime eletutar ebeifuradides are symmetrically arranged in a
circular configuration. 81. The nethod of claim80, further conprising a
hypoderm c needle |located in an area between the plurality of needle

el ectrodes f or8li he Thamsthed obslaimfilefurthergompeisingdhmederasc needio locatpdingnt hod of

 ect rodes {orfl _i eipigom
Gyt i ] G bl o o LS PRl 3P Rl B ERERATE T T o2,

wherein the symmetrically arranged needl e el ectrodes w thout opposing

pairs can prodace Fhdaf@ndd af ickad FAtWIRKAN Ak icheulan caifigalatiop f dlcb@B event .
84. The thod of claim83, wherein no congruent el ectroporation overlap

poi nt's GFEPdss ahtymanettsally agpnger ViIOBEAPPPHNE BAUW- pattern resenbl es a
pol ygon. 85. The method of claim 73, wherein the nmacronol ecul es are

del i vered int g,t he ' [ yrdn nter _positi elative to
t he perineter %81‘ tg(lalggﬁgﬂlﬁgf)ﬁ%}%r%év&?eéggﬁt@%ﬁpgﬁgg aggnged hecdl electrtes
without opposing pairs can produce a decentralized pattern during an electroporation event.

84.  The method of claim 83, wherein no congruent electroporation overlap points

develop and an area of the decentralized pattern resembles a polygon.

85. The method of claim 73, wherein the macromolecules are delivered into the
subject via syringe at a center position relative to the perimeter of the plurality needle

electrodes.
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