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[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 (" ) between the electrodes.

| E=V/d |
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formul ating el ectroporation protocols for the delivery of a drug or
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[ 0008] Broa art teaches t nmetalliC el ectrodes are placed in
cont actbepween current (“I 1, voltage (“V"), and resistance (“R").

R=V/I

[0006]  Theresistance in the tissue befween 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=FRt

-{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




ti ssues and short pul ses of predeterm ned voltages are inposed on the

el ectrodes initiating the cells to transiently open nehiapimbepdpes. The
protocols currently described for electroporation are defined in terns of
the resulting field intensities E, which are dependent on short pul ses of
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exa
deposi tearbepcusielpfeserbed inderms of chargs (1€ ). Wélcbtsélﬂf'cf‘&lfﬁ‘tﬁﬁ )t"m‘é) elMgctrical charge
(the cq qrg)ggg&,dm rggmew;ﬁulgharge as defined above, is of inportance. A
certain ni mumvol tage nust be present to generate a current, but the
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vol tage. Correspondingly, the quantity of charged particles delivered to
celI's in anpei@ct rpmRcatRf is AtRonsB@t, adie i edst Bsiof frdéledtiaforedsi@ge i mposed on
t he el ectrodes [ 0011] . Al.t hough el ectroporation.is. w del sed for
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optinmization schemes for |ack of methods to [l))redl ct el ectroporation's
ef f ect «fefine 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 jons 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 .
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_ 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 ¢lectroporate 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
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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 celis in the inter-
electrode space by precisely controlling the ionic flux that impinges on the conduits in the cell

membranes.
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| uer ? onetric flq gtlon of a Ey pader m c nﬁedle or ot her

sui tabIS‘én gk ‘F%ﬂﬁ? geB‘ﬁe‘f‘ﬁ%’n AR SYTigge of phct suliable wyectiopevist o r i er can t hen
be att afiie@dnlkOend of el dagier.Cc @hd adrlﬁﬂrmgtyﬁ:ﬁi’theﬂﬁ:cQﬁ aGtdneésrd tust brafphe® perfusate and
égp:‘nglegedle%cconﬂg tfio%t@tf.l eyp%(rilegi%lﬁngedfeo otl?ersuitnﬁ berou&eoutfeg) flush all of the

e goc%
ecu e contal ner 1Tnto |V|ng |ssue [ 0021]
The el etthe ader.skhs tanercar thel beattachgddy adyriags coraginlhambnelm ptheswiaplal se ener gy

. 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] The electrode system for electroporation may have uniform pulse energy .

distribution.

According to a first aspect of the present invention, there is provided a
modular 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 a constant-current pulse generator subsystem in
electrical communication with the plurality of needle electrodes, wherein the constani-current
puise generator subsystem is capable of applying a decentralized constant-current pulse
between any piuraiity of electrodes and; a programmable constant-current pulse controller
having an impedance meter in electrical communication with the plurality of needle electrodes

and the constant-current pulse generator subsystem, wherein the programmable constant-




di stribution. According to a first aspect of the present invention, there
is provided a nodul ar el ectrode system for faciIitallrﬁﬁQHmyﬂKﬁQQQQUCtlon
of a macronolecule into a cell of a selected tissue in a body or plant,
conprising: a plurality of needle electrodes for penetrating the selected
tissue, the plurality of needle el ectrodes being nmounted on a support
structure and arranged in a spaced rel ationship, and a constant-current
pul se generator subsystemin electrical communication with the plurality
of needl e el ectrodes, wherein the constant-current pul se generator

subsys @k BUlseaonEllsr isfcarabls|of mulapietet 96 EEY I@ém@eah? ®rrent pul se

bet wee E\es@ﬁi{ceI@hdﬁ@@iﬂltﬁe}éel&fwd&isﬁﬁHﬁrﬂ@ e RAiralBedoR@hRERRRIpaIsE ONst ant - cur r ent
pul se controller h wﬁglgan ITTF a ce nmeter in electrical, gom‘runl cation
CretrT

with the plurality of°CHEsH e @preéﬁ?ﬂn‘feﬁ'é‘m FEERAYYEar rent pul se

gener atmdulaieksysit emenmahceliitﬁtinglﬂxeupﬁomg:tlamfalnlaeromakaaﬂeamba c@lofa- - - - - T

Sept eanecteglotggue uquar or an e Corrﬂs'%nr Ol ! ?lll’ral o% aQe%e eqecg'gdeg%{uﬁgal ning a

const ant - current en en P P eS8 Change ih e selected

t i ssuehrhodérmig nteme fdemeqmautmlthe@eldct@dns@ahﬁtpl@dﬁy@fmedtmlesteodes bameording to a

second ,AsRERd: a Slpp B@&u%ﬁ%%aﬁéaxﬁws%géhreﬁtmﬁﬁﬁp efierBh a\éhﬂ,@@rﬁc modul ar

el ectrode systemfor facilitatin e I ntroduction of a macronol ecule into

a cel | nggileds utdigpdofor g Pypese e’émleﬁrmg neiRolsrulsst arlectricd)ipppnedteiibat a plurality of

- need| ep@kfﬁestaraﬁle@ua@monhypﬂwommemaﬂu Slurk Bty opﬁé’éelbreﬁt:tl'dﬂ& khe sel ect ed
tissue, tﬂ Elg}ﬂs of needl e el ectrodqs bei ng %f’ 3 a support
‘st r uct QYEFPIRE Jegapi é‘%&qsﬁ“&gé‘ﬁ%t@'&f'cﬁ‘fﬁé BREWEH Wé’re e hypoderni c

needl ethea)luﬁlitj' bzeddlé ekecticlies afnﬂu I’ap:ﬁﬁﬂlt piilsd conedler &g:uh’ﬂhdf onehiemisees; an

el ectrigcal connector that conductd | pul se
cont r OF %’0]1 rcucuqﬁavn}gu pe%lan er?e eﬁgegqpewnéglaé)c 5€ 0 aonstant cugentfr?rﬁrﬁgng mechani sm

- for trammqengthaswmhmmcham&nnmalpuhmgald@temémdawtanmneﬂtectrodes of

the pl whdly h&quQIiuréH%ﬁgtlanI%h LI Dl tﬁé’k‘ﬂm@mi&{xﬁé ShitonBekSRicRbio!l | er circuit;

t he current pul se control ﬁgr circult having an I npedance neter for
appl yi ﬁﬁmﬁmﬁamsécwtaletsmqnalﬁ@apwﬁmeﬁetnyrfistﬁmewbangw\mselgféﬁlrt@@et o the

- SWi tChHﬁl&glﬁﬁ@&%ﬁk&ﬁlﬂéd%&@taﬁﬁduﬂ&ﬁbﬂée%dan Hpaastided: phaemmAREogivdl - cur r ent
t hroughout the &Lératl on of a tine he'gul se V\/nerel n the current pul se

“cont r oFfaCRopdrdinsiructigns o fhe surrepipulse PRl PERYIta const ant cur r ent
i ndependent of any A@Sﬂdﬁlgmmmr&daﬁdagﬂ‘thetpre‘smlns&hacuﬁﬁk1stpr6x&cleea during the

deC ent ral I'IOI%O eCl eonéllg%i?)-ﬂlt C'g%r ({g ‘%GC% Ef ?ﬁ' (?086 ?OH%CHQH. On O rﬁres%n1lze8r pr Ogr anmm ng a

| ogi cafnacsequenc curre se controller
Ci r cui macrémalequtts ingp ody ar plimt rainpaisipg @tplastic doh@inprreg®en thai m@m then, there is

provi d?:ﬂgi@dose concentration of presterilized macromolecules, and a presterilized hollow sharp
needle 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.
According to a fourth aspect of the present invention, there is provided 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, anda ﬁonable constant-current pulse generator subsystemn in
electrical communication with the plurality of needle electrodes, wherein the portable
constant-current pulse generator subsystem is capable of applying a decentralized.
constant-current pulse between any plurality of electrodes and; a programmable constant-
current pulse controller having an impedance meter in electrical communication with the
plurality of needle electrodes and the portable constant-current pulse generator subsystem,

wherein the programmable constant-current pulse controlier is capable of maintaining a
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macronol ecul e injection cartridge for delivering a single dose
concentration of presterilized nmacronolecules in a bodSapterphea @06
conprising: a plastic container portion that contains the single dose
concentration of presterilized macronol ecul es, and a presterilized hollow
sharp needle extending fromthe plastic container portion that will convey
fluids fromwithin the container out through the tip of the-hollow needle
when the needle is inserted into the body or plant. According to a fourth
aspect c&fstahh&n}%ﬁtﬁﬁ&?&nd’eﬂ‘b?@ﬁ)! RBistahdd@hsngk S AF MbdAdisthe difthd @) € el ectrode
systemfor facilitating the introduction of a macronolecule into a cell of
a sel deqcatplizpdepgetantquenppdse- or pl ant, conprising: a plurality of needle

Sl ectrodes RPNk e HSELEFLEAbI ASHE o BBl aAl Y, of need! e

el ectrodes Del ng nounted on a support stru uretan arranged in a spaced
rel at i eyvshifor facikfaring thedutrodusttian ef@rrackempeleeuls intoellsplip selecigdiitsyedndr subsystemin
el ect r b@lor PANTTHRInfoAh QR IIE ysleRGnah bothisé 4 puliity Beedic 18k &Hed; hodes, wherein
the portahle,  constant-current pul se generator subsystemis capabl e of

appl yi Bgpeaerarisc aseileapn slegirical fanesint thaty braviies gutwdechet e Ao®ng plurality of
el ect r pbemmaiably céhsipiit@Gi N BEdR| cOntflBSH idtplurslity sfaRédlddMcGadesaal kol | er havi ng an
i npedance _neter_in electrical. communi,gatj o .t h. the lurality of needle
elrrgct r BYES “Ah Of%tgm%%lg UISPT SRR P*"éaﬁiyvc\%fffds}eeeleﬁg‘ﬁlgsrrﬁ?y%? subsyst em
wher ei motuiies] quraggrrarsaisiue withrestoafiguration foepenetpatihsibe sboted 6dsberln s capabl e of
mai nt ajnj ; : { A pendent of any
resist %Eegrg%ﬂrg)r?@glé%ht t &e&ds;% glg'fg%gﬁlﬁcggglzo urlleﬁggt{sﬁlgkvggg%ﬁtgggl i zed

const ahpgedar the wturahity of acediepdezrpdenged smprytistivenne fom ¢ predipelssiende | nventi on

pert ai REeditly alTRidWedhouRle® b laABB-coMaive Mufd TiRClahdit 8lal RGust R 1 ntroduction
of a macronplecule into cells of a selected tissue in a body or plant. The
modul af'e@ett r ode system nmay conprise a plurality of needle el ectrodes; a
hypoderm ¢ needl e; an el ectrical connector that provides a conductive |ink
froma programmabl e constant-current pulse controller to the plurality of
needl e el ectrodes; and a power source of alternating current or direct
current. The plurality of needle el ectrodes maybe [ nounted on a support
structure with a configuration for penetrating the selected tissue. In a
preferred enbodi nent, the macronol ecule are injected into the sel ected
tissue wth a syringe. Together the plurality of needl e el ectrodes and
support structure forma needle el ectrode assenbly that can be nounted on
a non-conductive handl e. The handl e nay house an '
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el ectrical 6b 7 Septenber 2006 connector fromthe needl e el ectrode
assenbly to a constant-current pul se generator subsystehbepfimbendfdi e nmay be
designed to provide a user an easy neans for inplanting the needle

el ectrode assenbly into a selected tissue. The utilization of disposable
needl e el ectrode assenbly, a single dose nmacronol ecule injection cartridge
with needl e, and quick-release nounts on the handle may all ow the user to
qgui ckly attach and detach the needl e el ectrode assenbly. [00231 The

const apbmestér B6th (AUh&R10Q0HA NseBBIP Y St SR RS %&ta%u@@ St - CUr r ent
pul ses het ween ah | east any two el ectrodes of the needle el ectrode

assenbFYPsysife b6 @’f“ér‘ﬁa}’b‘éﬂﬁ“ﬁé‘f’i‘tm%Wé‘éa‘&érﬁé%??’a}em?%é%}glﬁfé’ﬁg@ﬁn del i ver a
decent meddlemdnﬁ@memmmteuﬁdlee&ﬂ tifatl. The itilizaA0n SdBPosaild neddld dicsGade such t hat
el ectroporati on overl ap points.to, .not d vel, urt ernDre t he
Gt 1 o R P g S PRl i eca e e B G RERG oo over pri o
art, omnmuasvatht Radle n2@ bihgy the ditc@duitElgbital amiddtashine adpdirBlectet@lat h of t he
electro orﬁted tissue. A further enbodi ment of the present invention
al | ows P8 ¥€ntire nodul ar el ectrode systemto be portable and operated via
a battery DMQB][0OBmé]:on@taﬂIch&!htlﬁﬁbgbdermﬁbsﬁkfeniﬂﬁﬁnd%@mtcui'rélit6nti onis a

nmet hod _f.or .facili n & JyLa ort. o cule |nto cells of a
" ‘sel ect gdlsﬁslbgtgﬁeenatfea é"qg"a‘g‘: e r}gﬁ’t eedgeecg?msse%ﬁgoﬁlgrc% 8P can grasp the
- pl ur al Funenipulspgachter ssbsygem méﬁlwtvabceaw@ZMMdcwmtaulm@ma structure and

firmyqf m&rute saéaethatwarbﬂa}a%ﬁ *aeerﬁslp@ﬁxtsetg ol 8&Hp . '}"uﬁhm%l eﬁ{E plant. The

_n'acrom)lecu es are then delivered via e|njec |0n nee Into the
“sel ect Bligptiangia conia- cura"%@vléﬁﬁmﬂverabaéﬂwmwermnpém oprAdsEtagent rol l er is

- acti vat,aﬁig 2dA0ced SN2 Nnd Gubse@idht @a&c&fr m@@iectrdaulla&e tisfueaPR! ikt 0 the
plurali of ne gll e el ectrodes ied constant-current electrical

pul se F’ﬁ%‘?dlmi‘et“éf’ © PrrEent H’tVFIHlTﬂ(?p?‘%&BF““FﬁE‘OH‘&?r%?FHP@C?YF*@ml B6 the cel
bet V\eeportaIbEaﬁdweaﬂtddtv;aam‘attergbﬁmrodes Cell death due to overheating of

cells is prﬁ/@r‘l ed kegﬁ‘ﬁ‘a&w g%g(%nsttant curren bel ow a certain
critical 68 AR P PR BB RREFPIUSE 68833 BRI EF
DESCRI mhﬁm\dp@ﬂhﬁcﬁﬁmmmo[cam;; seldcgtfiguelin Hlabvsy caplagl Beitfiypde array of the
prior & %pelfla or' n Sg}'a)s(p S’l ?ural%((j & neeﬁlle electrodes that are mounted on a support
- structure and firmly insert the them into the selected tissue in a body or plant. The
macromolecules are then delivered via the injection needle into the selected tissue. The
programmable constant-current pulse controller is activated and constant-current electrical
puise 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.




three opposed pairs. It further depicts a single centralized

el ectroporation overlap point, which is the center poihBepémbdr@086t eri sk
pattern illustrated; [0026] Figure 2 shows one el ectrode array of the
present invention using five electrodes. It further depicts how a

symet rW¥@&¥%%%4r r anged needl e el ectrode array wit houPCT/B{88€Bhg pairs can
produce a decentralized pattern during an el ectroporation event in an area
where no congruent el ectroporation overlap points devel op and how an area
of the decentralized pattern resenbles a pentagon; [0027] Figure 3 shows
one el ectrode assenbly array with needle mounting bracket, and sliding

needl e gui de; [ 00283RIFIONESCHIPTIONDPTHE DRESWN(@si on of an el ectri cal
connector handl e assenbly wth a nount structure for needl e electrode

assenbl y, SY. Thi s re a ndicates th | ectrical

comnont | onaliizd > HEa shovhan abrEbtt frd o e prO IS HE B P Ba | o

assenblree bipdskAlpaird. gl fitther Geplews singll eentkalideédrgdécatpavition opsriag peinarabl e

constant-current pul.se ircuit in ectrjcal comunication with the needl e
b il

el ect r JYHchIsbefvfey PARLPE henstask natiep Elusatadyn30] Figure 6 shows a flow chart
of the Iogl 0036} € PSFis @ ROAGW DR efeetrodbeh@/mne lﬁl'fssenttlhﬁnﬁdmfnglﬁnﬁm e

consta rent pul se controller; ﬁﬂ(ﬁ)%lé gﬂ ﬁ %POW the front panel of
an XEP ‘{3 o Pigts AgH & fyppetica eeleropds A P ithsy st em
pr ot ot msosmkgﬁs?s%lm prodlice @de%elﬁ:hmawpMdm@@dﬁpraﬁ@fbvmintaaaea pul se causes

an increase in the current flowng through a ci ne rruscl tissue during
the durdiErorP sInerysat plggtwroration overp PULE dﬁg‘ﬂ%é"{%’a w aprearf ®ource actual ly

mai nt ald&&nﬁalﬁ&{ﬁh@fﬂtresﬁxﬁbléﬁﬁenﬁﬁﬁnoUgh a porcine nmuscle tissue; [0033]
Figure 9 shows the vol taa19 nposed on el ectrodes_ in a conductive nmedium
W 0B

10034] Fi gult82Ap SFigyse 3 ¢ tledade pasppbly agpy) with peedlemountiagar at ed by
di staanackggndglme& £ 11 shows a three-electode array, where distance
L=k xn, nis the nunber of electrode and k is a proportlonallty

co nst ant ; 8[W23$e pt Eigwred shooe 8 repspgontimef e ricd vonoetes hgdis asgembly

with a mount structure for needle electrode assembly, and a syringe. This figure also

indicates the electrical connections from the programmable circuit to the needle electrode
assembly; |
[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-cutrent pulse controlier;
[0031] Figure 7 shdw 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,andnis.

the number of electrode and k is a proportionality constant; -




[ 0036] Figure 12 shows SEAP values in pigs injected wwth 5000 ntg SP- SEAP
construct into different skeletal mnuscles; and [0037] H Septenis 286ws SEAP
values in pigs injected with 55 ntg SP-SEAP into the sternocranialis
nmuscl e of young pigs. 9 7 Septenber 2006 WD 03/076006 PCT/ US03/ 06833

DETAI LBRORESEEeRPTI ON OF PREFERRED EMBODI MENTS 10038] POHESM3&6833 " current” as
used herein refers to the flowor rate of flow of electric charge in a
conductor or medi um between two points having a difference in potential,
general ly expressed in anperes [00391 The term "anpere” as used herein
refers to tfoe3gt arfigurd 12ishotvs EBAP nalees it pigainjedtdiovitit 060wt SHSEAR el ectric
currenté rate otﬁflombﬁflchar%e i,n a conductor or conducting nedium of one
coul onfopshpctine diffgrents w89 v coul onb” as used herein refers to the
met er - Ki | og[oasFs e gdte 138holvs SEARRYahES inipys (fjudted witeSfundg SPrSEARde t ude to the
charge of 6.28 x.1018 e}ectrons; charge transported through a conductor by
a cur r $StepiocBRBISAYSEE 8T YQUBSPIEY) f or one second 100411 The term "vol t age” as
used herein refers to the electronotive force, or difference in electrical
potential, expressed in volts, which are the practical units of

el ectronotive force or difference in potential between two points in an
electric field that requires one joule of work to nove a positive charge
of one coulonb fromthe point of Ilower potential to the point of higher
potential. [00421 The term "power" as used herein refers to a source of
physi cal or mechanical force or energy; force or energy that is at, or can
be put to, work, "electric power waterpower"” [00431 The term "i npedance"
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 conbination of resistance and reactance and is neasured in ohnms. [00441
The term "field" as used herein refers to physical quantity specified at

poi nts throughout a region of space. [00451 The term "qui ck-rel ease
mechani sm' as used herein refers to any connector nechanismthat allows"
the plurality of needle electrodes to be fastened securely and rel eased




qui ckly fromthe constant-current pul se generator subsystem When the
needl e el ectrodes are fastened securely, the quick rel%e3enterneasB8#t sm al so
mai ntai ns el ectrical communication with the constant-current pul se
generator subsystem Many different types of quick-rel ease nechanisns are
wel | knS@@3474006he art of engi neering. [0046] The ter BCTHMIHOBYde" as used
herein refers to the extrene range of a fluctuating quantity, as an
alternating current or the swing of a pendulum generally neasured 10 7
Sept enber 2006 WO 03/ 076006 PCT/ US03/06833 fromthe average or nean to the
extrene. It is the quality of being anple or the anmount or degree to which
a thi ngD?‘i‘l\ﬂ!ﬂ?DEé@ﬁﬁ’ﬁoﬁﬁPﬁEPEﬁﬁEg‘EMﬁ@ﬁfMENTssed herein refers to the
0

nunber periodic_ oscillations, vibrations, or waves pef@ ucgit of tine:
W

V .
“usual |y expl®38led The teray fourrentterampd hesen fedrrio-thaaBows Aot s used herein
refers 4ouRusdifa @hnlithic? BAHEMESSetweeR WA RRirfshavihé PdiffsrencBingbRitiabbl es (e. g.
drug-| oaded vesicles), and pharnmaceuticals [00491 The present invention
r el at eseengrally exprgispin amperes r ode systemfor facilitating the introduction of

‘a macr ool egisqy | MR 1&hlhifipddd” afussEh?Gh Rebrd th §:2 idndard ufit RPE¥as@lngP! ant . The
nodul ar el ectrode system conprises a plurality of needle el eCtrodes; a

need| e; thewireagtioefian pletic cugrentyate pfftow of ghargsrina sogdustoporcprslyeiag modivmi nk from a

progr angrhl SueiStabingur rent pulse controller to the plurality of needle
el ectrodes; and power source, either alternating current C AC') or

di rect cur r &d0]( " Dbe)term) “goworply"a ayed berelaneferd iorthhneterkilogmmpeeosdnt i nventi on,
an operat.or ] WAl olde 8f £ghe x8loBGid.RaRS hipat are nount ed
on a sﬁ%‘%oo?telegﬁgﬁ%gﬁﬁgugl%ﬁﬂ#‘iﬁp ?t?{ensgrrgta%t ﬁe txhem I r?t 0 at(ilerégel ected tissue
i N a bowmpsporteqyhrengh a cPhdcton by aenstericnd prssamapers flowingdornt begended vi a t he needl e
into the se ed 4y e ) {'k[m - Clrr pul se
controller :[@ggct i%/ﬂgf%gq gﬂl g’o%;‘%gé] - cu?érfg%ﬁ’qgf‘gg‘{yﬁngae %%F’soé is applied to
the pl ulifférerioy imfelectriead gloentdl.eoipresstd sn volis veliighl dre dhec prasticalnenite Lofr ent _
oot ol o 8 i T, b TSR Sl Bl B TRRIORR! coul © Tt

" over heatkquigs @k jaube off otk o poe\agosite chargedfiohé coulogb fomithgyedtaofideveret er bui | t
into the, '.ﬁg‘{%mmty ghi geonstlgnt-current pul se controller. As the inpedance
rises i PPIPHE LRy RO UERL I liring a  constant-current pul se, the power is
reduced acc@od2jngl Thet ermirépovicd! as ased diominarfer<tor £ anrce afhphysioal g@r event cel |
deat h due,t heating. Thus, the.utilizati f tant - t pul
et e A Fie Syt ol da B P, S 2RSS ~current. pul se

water power"

=

[0043]  Theterm “impedance” as used herein refers to the total opposition offered
by an electric circuit to the flow of an altemating 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]  Theterm “quick-release mechanism™ as used herein refers to any connector
mechanism that aliows 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 2 pendulum, generally measured -
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- 100501 The underlyi ng phenonmenon of el ectroporation is believed to be the
same in all cases, but the exact mechani smresponsi bl € Septembes 288G er ved
effects has not been el ucidated. Al t hough not wanting to be bound by
theory, the overt manifestation of the electroporative effect is that cell
menbr ari¥8 WHEEWe transiently perneable to | arge nol eBGI/E803/06883t er the cells
have been exposed to electric pulses. There are conduits through cell
wal I's, which under normal circunstances, maintain a resting transnenbrane
potential of ca. 90 nvV by allow ng bi-directional ionic mgration. [0051]
Al t houdionmthé awerage bngeammo the eltrenedit imth¢ fuabtyyof behpatplogahemoont omakes use of
.the sa stru tur forC|ng a high ionic flux through these structures
and op ﬁ‘?ﬁ ¢ égﬁ%gﬁ'ﬁﬁ‘ the conduits. In prior art, nmetallic el ectrodes
are pl aced {0047 ONt Eie:ttermi Tﬁtqﬁéna)s’tassmealriﬂreim&fe?s Getbéﬂmﬂﬂm o2f6dic WO 03/ 076006
PCTI US03/.06833 edet erm ned vo ort 1.0 to the distance

fii RS e BB

bet weerfSHHAUORY WRERHON & Wayes DELANEQ repped Mbe¥ocol s used for
el ect ropor afip48) arEhedemi“medomsledukzl mSﬁfheieheetbxemhélmagndfsb@bxfbes,i ntensities,
accordin tothefor | a E= "E'),i.s the field, ("N) is the
|rrposed’ S5y Hnidie migrepu n%jblﬁs(fgﬁé“gtlﬂgqgv?fc&ﬁ)cé’kdég‘%ﬁ?tfﬂse el ectrodes. 100521
me e:c eCtrIm{)th]el drhelpteeémnt:aml&n’amsﬂaemdaax\ewcf uodehmtbfrtf&iﬁcﬂitﬁlnglfe |ndpri or art
en ectro tion ols for .t ivery of a drug or
o ondrab eIt g s TEHETRERTE P CrRL 8 dope st B BB YR 1B s poss bl e to
“cal ?:ul aﬁdﬂulall‘\élﬁc&bﬁb%rfterﬁ cdérh}ﬁ{sék alplllrﬂdﬂﬁbflfn)éecﬁ@éleohﬁ'odééﬁd headly; aﬂEle@ﬁ@ll ocol s lﬁy
applyin ul se o redet er,m vol t age t roportio to the
df St andREEbT e PreYidts 4 stV Bl Gem 2 Sgape pansfngng P@E%ct ric field
can be cgeffeas e plufilisy ofhéeﬂli'éﬁctl@d&shaddﬁ%bﬂva{sﬁﬂc@blﬂﬁizﬂ@fﬁ@t&g(chm'&it fl ow of ions
i's not neé:ﬁss ry to cre 15,’3 an el tr|c field Al t hough not wanting to be

bound KyA& habdiect surept"PH. g pre ef% ﬁalfodir%enh%té%grawt Wﬁm%e'e;essf ul
el ectr QP&E@M&@ @raﬂﬂhe ﬁlhﬁﬁttyrofﬁee&lb 8lbhoR&iha® Sre nlolftePdn FpPoRGr@IngEt r oporati on,

t he hea Produce roduct of the interelectrode inpedance, the

squar e 284 fignhwingettthed selaeddigsus & ahgdwenpbnt. Thempcrpmolegulstitited  duri ng

el ectr (ﬂ{?:ﬁrd@ﬁdeféﬁ vialthd he%aue &fo aae 1SR 3% IEhd MEgtafinabld SonRbMiednt OF t he
inter-el ectrode current, voltage and pul se duration. The protocols

cur r entpiije epateller isaetivaigd and|caastapioiyeens eleetricab plse isrpplieddelthe plurlieg of t he
resul t inBliidleeldhet. ¥ YSlibd s tﬁr.cwfynﬁékcﬂfcapqewaﬂa&&trﬁgm&feﬁ dnoyol tage pulses

of unknown current. cor resi stance or heat generated in a
ti ssueﬂ@ammm%@uledetpéhwﬂrﬂelvﬂﬂe@m thetpluralityl of eloctrodes. edelkdesthedis tovi t h di f f er ent

pul sed OVQLJaal%f gélﬁ Yst]fr&gﬁ&ﬁ'}y' uﬂﬁmg an impedance meter built into the programmable

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.

[6050]  The underlying phenomenon of electroporation is believed to be the same
in al] cases, but the exact mechanism responsible for the observed effects has not been
clucidated. 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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protocols with predeterm ned voltages. The ability to limt heating of
cells across electrodes can increase the effectiveness Sptamber gdien

el ectroporation voltage pul sing protocol. For exanple, prior art teaches
the utilization of an array of six needle electrodes utilizing a

pr edet ¥@03FA0060l t age pul se across opposi ng el ect r odeCIBI0848683hi s sit uati on
sets up a centralized pattern during an electroporation event in an area
where congruent and intersecting overlap points devel op, and can be
visualized as an asterisk pattern as shown in Figure 1. Excessive heating
of cel Ipedaeeminedwitages pmportitabottheodisanme bawesp ditcielepirddes ¢ inpotedencel | s, and
limt the effectivenes f . Of | I |y arranged
needl e tpeé?‘gltctﬁp&f °§%vﬂsf’i%’gf '°%%§%’§§ﬁ‘gg’g§f"?“§ﬁg‘\gﬁ°¥‘§r %%@%ggg‘ghg%gght ralized

pat t er rintdhiities,rocindingto et forambar Bt H/d rwheres(RE™ Y iisthafield, ('84) whler imposdcongr uent

el ectraoporati ver | 0] n | op. One exanple of such symetry

S shom‘ﬁi’ﬂ?ﬁ? aﬂﬁ?g‘fiﬁés '%e 9‘&?‘1‘?’8#&@%83\% etlﬁgrgac%'cent ralized pattern area of

fe:_ ect lr3 ot)or agoosez] t P"Bltedeteesieififihéxﬁenaityp&hasa@e{n yeiypiﬁiﬁdﬁa;nﬁmluerhlohdi@lag ':1 het curr e][lt
ow between ectrodes 0 o, det er e e relati.ve heating o

cel I's. it Smmppiedepporprafpeofit heui o Mbeor bgmbladlans "5

Sept emakg cel 3the sudjertD Réddrdnip06it BEddsibEiS cAaBBEany eltdcfiddietemsitg foh any gi ven

pul sin rot pcol nd nat the valtage acro t he.el ectrodes Pr edet er mi ned
Dol ¢ agdeitg ofiBiois S el e detdheoF peAmatH SSRel B SR docs not

.pro¥i ?Qiis@anﬂ@ﬁt\ﬁeﬁhﬂedﬁﬂﬁrflbmd, hﬁw@a\t@ﬂhatd@élﬁgﬁ: fiefd canlber geindratedihiac h Ihi mts the
useful ngess qf ,the .technique, Thus, .controlling an maintai.ni.ng the current
in the YF€) “b‘&lﬂﬁg@]ﬁc"l"aﬁ%eﬂ' Bewy P§8 S ot Aerarsay t‘?ﬂ?aéesq’i‘(?be&“ﬁ/iﬁf%pal | ow one to
vary t heliheugtsRt watgs loibe Beind bpdleti s, ietht clifai thAi g ne@taaifor suaessfuicel | deat h,

and i ncQrporate nacyono ules into cells nore efficiently when conpared to
pr edet é?%ﬁ?@@tWBP?tQ&@bhﬁg%?e'[00551 One enbodi ment of the present

i nvention t osyer Comgt AectBRAMBNPRIRD hedh prbducel Vit PdiRt NgTams t o _
effectively control the dosage of electricity delivered tg the cells in

t he i ntigferelepiEde frapedangs, the square ofthe eyreeat, gnd thrpusg fyratien. Heabis pedpeeds | ux t hat

1 P NYERrAN oleRpGAAUD tiSsues! AAd LAEbL RIved RITRE BOARt of hY fter blR6rdde €CI S€ dosage
of electri Clt?/ Po ti ssues can be cal culated as _the product of the current

| evel , oupent;ygltage anciwise fpretion. Thearatenlssnmestly daseribed foplpatipparation a®n or der  to
| Mpl eMefakingiyh benfls SRS ketiMing Gl ifihsitk¥ 3 GMMlch 3R dB)enlidnt O ShoRRBRIgRL US (@S shown

in Figure 3 and 4) connected to a spécially designed circuit (as shown in
Fi gur e PBlseyaignkngwun eusigrt deqordinglyl the swistayeer hpakgenesptedimatispresampibei nvention to

provi d%e%nﬂiﬁ@tﬂ hich 168) to/Gried BRcess with different pulsed voltage 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
¢lectroporation 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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el ectroporative current to a volune of tissue along a plurality of paths

wi t hout, causing excessive concentration of cunul ati ve/ Saptengwtr 2006 any one

| ocation, thereby avoiding cell death ow ng to overheating of the tissue.
For exanple, the maxi mal energy delivery froma particular pulse wuld
occur WOAYIIANE| ne t hat connects two el ectrodes. PriBeT/ESB0¢dhches t hat

the el ectrodes are present in pairs and that the voltage pul ses are
delivered to the paired electrodes of opposed polarity. Accordingly, the
maxi mal energy delivery froma particular pulse would occur along a line

t hat coaffectiveress ofoang| given rpptiag. prémcod xadmoethe fvoltdge acroey thy elededdessery pat hway in
a prior el e | L1 e f IL.al..el ectrodes with
a centpéggeépggﬁéiéag, scllosn%éé;urcig %rg%keglﬁ%:%&ecﬁérﬁ ’g@pl{-lﬁra&idaéﬁ?‘%p .wdg di stribution
of the mermgyo detersdesthatexact lesage of enrreptp iwhich dimitshtbe esefidiesodethe whi ch may

| ead t nnecessar at i ng..and. rease | [ 00571 The
el ect rgace 98t elﬁﬁsec%'ﬁ@gucﬁ %le'%"%%l?’ ng ﬁ'g C'brgegtslghhtcﬁ%%iéex\glegg&%éi%hg%rs anged in a
radi al vade astyesheld wilcdlowane @warylthetpulsetdnllicionsy reduce egll heatingacreatedess r odes are odd

nunbered, .and npt in opposin ai.rs I quI e.-2) . | iverin n electric
il 6. 1i6h SRR e ey PE PRFRRPRARB RS el Snflicyiieh SR B0 of at or
resul t prédatemnipaitvoRdgapilest i s best described as a polygon. Tracing this

pattern wou esuylt i five-point.star wth a pentagon gf electrical
Pl ses- sur r MISH; moPtesbomppraf b enatationls o dropreEEaRiTEp ey e
concentbypidvivingaisahsac efftivdlpedagolttlieaiosdge of ebedtricRy dulivart@sithe celihhough not

wanting, t.o be bound by theory, it is not fhe odd.nunber of . el ectrodes, per
oM e Rresicinapacs Brreoy AU N R B D ces o |
di f ; er dnthe pelhuér?umest. IRus] kﬂegeetcislé)dbsagﬁ ofél&ltmty tc23buep ednlbs calddldtdd ab he ] _
confirguyati on riaQqr rt, t.he ul se nerate a rrent that asses
- r ousheaEoting pisnbyed thepuBe g i mober BseedsgEt O ¢ ho heat) ng
- effect b smplRNEH K ScnfBRAiER EREM, ih ddBokPhR4s (Wb Slowh IEFigpes | pheral dose
falling off rapidly. Wth the "five-painted star' arrangenent, the dose is
spr ead 3BHEOBRESET (P 2 sperally desisnpdeifcul) G sfhewrn MEEBUTE hTRT Be confidsrefa | ect r odes

are arrangegosd) aronegcabyf AE phdsit® ieRfoh 10 PRVidetd RV 16 agivel @bt be
sequentially applied to electrodes 1 and 3, then 3 and 5, then 5 and 2,

then 2 elgHoperatiyn,aprent tgdqvoluma.gf fisyisalong 8 phirlity ehiaths widhost, 5@¥iREen t he

el ect r QelESsiteTombeHibiIEr chARMAtN Aent A afyht ﬁbdﬁoﬁ‘ﬂfefeﬁﬂﬁvoidﬂ{g%ﬂﬁdeﬁtﬂ exi sts al ong
paral l el lines, weakening as the distance fromthe center |ine increases.
The curfizg fovwerbeating of Bie tigsuse dige meampleg the pugxirea epesgy) deliyenyfrom Aore uni form
distri i fse L | L yar &S fefi88s1 Ng the

pr obabitﬂdlltttc@‘r&tpﬁg% Pﬁ%&%@{ﬁﬁgﬁﬁ:ﬁ%ﬁﬁgﬁe %&QEF%(%:‘??;%%F%? ed actually survive
the 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
a radial 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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procedure. 10058] Referring to Figure 3, a needle electrode assenbly in
accordance with one enbodinent of the invention is il |4LSeptentesd200the

el ectrode assenbly conprises a plurality needle electrodes 3 that are
supported by a nmounting bracket for the needle electrodes 1, and a sliding
needl e WoIDaEe®s I n the center of the circular array PET/UR880ds888 el ectrodes i s
a syringe 2 for injecting nmacronol ecules into the tissue and is not

el ectrically connected to the programmable current pul se controller 5.
Each needl e electrode is electrically connected to 4 to the programuable

CUr I enfkhaPihices a GFRICHEY, bﬁﬁraéﬁediﬁé@?@lﬁ'tﬁecﬂﬁ&ﬂbﬁ?ﬂ“ﬁﬂﬂf@ﬁhﬁﬁgtﬂﬁtﬁnaﬂj ust ed L 0 aE
appropriate penetration dept or a parti ar tissue e unti ng bracket
i s gr adpeidrisalidhe prlssygeaerate éE‘{rWBtdEf’éPaéFeé%‘?ﬁgﬁ?éﬁ‘t‘?rﬂﬁge ?#’F&’t"gfr B'E%?r ti ssue. To
pr evenicuhiifed 6] Ee. Theehdatipderfect & Wbreffi Rehoeats ih ik eaREMithythd S pressed into
the tissue a sliding need|e %’lljllflﬂtgclfﬁ used. The needl e . electrodes 1 are in

el ect r ipeiherabdase Mlling afoupidivt VSPOMRASEY cArangemet thE GP€dS control ler 5.

A sui t 3fks HdtaNehtyYovef a BRETQMRIcE PoHeREnE, & thd WidRtr6lRE hré B Rgedifat he tissue in
the center of the  needle electrode array through the c nnu%sa 2. 10059] It
be g

“i's knowreypf e electrades, thepuses mightbs sequentigy appliedje,tiecigdes b ardsathe ener at ed

s detgd SRS sWhdENBeN Bl £ 1h 4 hhd B URowdvEE b&dad® 1RftishidBetiebmad €d tissue and
di stance between electrodes. It is desirable that the | tage pul se be as

homoge siseEdas isfoaumg eondyiprot carigin cugTshty IBfeRsity Fpists 2lge PaEbE et ve fi el d

str engmaﬁeﬁﬁgﬁtﬁe diflardol forth ¥R cihbr Ple if@lab S, TGN AR c Bl cPWabdgBlnde Strength
results 1n reduced effi caqé of el ectroporation. Prior art inventions utilize
t he di of avleas resylts jped moeq wifors distibutioncef] the ereray dativered ©cthe 1igsues, o) d strengt h
and pr ' A L Blch@ily sufvibeSthd €1 1 ance on
know ng&%%gﬁ%ﬁhgﬁgr?@ﬁ%gﬁgg#%ﬁ%é%%éﬁ? ?%hgﬁblg?m t at 1iﬁ’osn to the design of

el ect r pthsedureBecause t he programmabl e current pul se controller will

det erm ne S §E@tq : GAs3nd he i npedance
in a vol urreﬂjglésj i s?ﬂ% ﬁ}é‘éﬁ‘@? Wo el%gc%(gg%,@mml{agﬁgﬁ%ce bgt ween

el ect r cohbediment ofithe inventiantis Blastrafed.c The el¢atodeiessembly ermpgisas Iy opri at e

el ectri f : r i Laent of the
needl e "e‘iadlleeé3 er%{ééfgp%trhf&ayessg%og Fg@yﬁo"&lﬁgtllﬁgpd%eg@ﬁg? &Iﬁlg }éﬁ%uﬁﬂégg%hﬁ%t rical. In

addi t i clidingueedie kuillé &dnithe ceiter ofithe cioautar amaygif needizriectmdndies sysigsdii t abl e

symet rj cal and non- t.rical ..needle.el ectr I t do not deviate
£1 om ¢ Diseiie mAGoAES intg ift s R ?"gn".lecﬁiﬁgu’gé‘;p"?@egf B3k 10, o S

el ect r @ebgraniniablerudent pulseayntmiiet 5i Bachinezdleaesirade b elccsisally cowedtall thb varied with

compar %3 tlhee pri)graslgnln%ﬁé cdnrént%)gxgxle ;[;olngcr;her %;{cle Qlll feedle Jelggl'ttoldé)srz]a.resald-]I usted t]; A

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 assemnbly 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]  Itis 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 elecirodes. Because the programmable current pulse controller will determine
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t he macronol ecul es could be added to the needle el ectrode array. [0060] The
needl e el ectrode assenblies, as descri bed above, enabl & Sdpteniber D8
positioning of electrodes in or adjacent to tunors without the need to
determ ne the distance between el ectrodes for the purpose of cal cul ating
el ect r iwOfB/@I68P6or vol t age pul ses. Thus, another enbBAl/HEN306833 t he present
invention is sinplified electrochenot herapy. 10061] The current strength,
the pul se I ength and the nunmber of pul ses delivered can be determ ned by

t he operator and do not vary with the characteristics of different tissues
or var itidinpednefin 4 Vedunel of fidstidavcenredinraies, tedistasdetwocreistodeThus, owing to

the inherent .. .r atabj lity. of the constant- ffective

pr ot ocdt @tFB?tlcéﬁgcg?rrfgrﬁBtF l?{%'{hﬁ &H?f??&a‘eagééf%g‘}él‘%wpflfiﬁgg]ﬁ% a'(?met hod al so

- pr ovi deferdatbic Epibedineans teatcedle tlectridaiangy tdsign tvenficeadnartat ishewat i on of the

~tissues exposgd lao the puls The product aof the ”%%PH{?O' nter-el ectrode
'S

i mpedafFEmetng (fibon, cone ﬁgiﬁﬁchfnr 2 PREG LT puqltgftjaledur ation is a

geas ur %yﬁﬁuleﬁaﬂ and Iﬁm%%k'mﬁaﬁéﬂ yeede lel'em?)'de é;ay?kh:aﬁdo(wedwiiate)fromalm spiit (t; 0 nVﬁr ted to
egr ees siys, .when the volupe of .. the tissues.enconmpassed by the

el ectr 88&008?1 ﬂleﬁ‘é’egtfz?éc?’ﬁdép‘hggg;mtb‘f‘d‘f’ﬂ%ﬁf]ie%@a% ﬁlﬁ?@'ﬁ?ﬁng n %Sr ' exanpl e

- the ri @sited tibshSSUR bk @HRE with inafabit tesulfseinStidition, msttiplbidjettidabitk fonce ("R,

ohms), current Anperes), | th of pu] se seconds), and the conversion
fact or WoPaREMRPlccy ?@yﬁ)%adﬁagqtg??%@eeieﬁmﬂ?a@E R/ 1tK [00631 At the noment

- of el ectrop@pgd]i ONThetnB&IlLIchEd asdeRbli@AFARsdriBedtabpve, Biablitic in $st €M Where a
pr edet er m_ned vol ta%e _has been i rrposqu)on t he_ el ect r'OthS ..omng to the fact
that i meptepiRgpf eleptrodesdn pradiapent to gy ithout thenced todptermips hedigafpedance. This

- .may | eagyetn B18ctroBCHS i \HrpbRIGTREREINI dldciR, fiel ©SWolthgtCpulsts. Tdld, death. For
exanple, utilizing values comon for ~ c¢onventiqgnal el ectroporators, and

assuni @gothergmbedimen; of thepresepidnisation ipgimphifisdeslectrpchsMet8eaRy. one  cubi ¢

centineter gt NerRREednt dfendit e dﬂfse fehgih hldSRdREbESOf GAIRS Belfveredni Ly, the
tenperature rise owng to one 50 n5 pulse with an average current of 5
Anper e$anbedsteamiged byjheopsratprsad do patpay gtk the gharapssrigtieref differcattispues ¢ Thi s

~ poi nt 36)8251}%% L detirbde iHpedaRREHdnh BRe B e CAHA dvingltd tife mRGéeTOEr 2006 WD

03/ 076 06833 del ay between successive pul ses, to allow the
subj ectrepeatabibity| of thsropnsiaptseuaentisiystenn rpbivesive peotagpls foseleetroparatiopegantpe cunul ati ve
terrperadtebgk%e&i se will not result in destruction of the tissues being

el ectropor at ed.

: [0062] The method also provides a simple means for determining the temperature

elevation of the tissues exposed to the pulses. The product of the measured inter-electrode
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=RFiK.
[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 fowers 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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[ 0064] The advantage of a constant-current is that it can be prevented from
attaining an anplitude at which the cells are destroyed Séptenabep28¢fet er mi ned
vol tage system the current can attain a destructive intensity, and the
operator can not prevent that from happening. In a constant-current

syst emWoORs6r ent i s preset under a threshol d | evePCuhigmsoesitel | deat h
does not occur. The exact setting of the current is dependent of the

el ectrode configuration, and it must be determ ned experinentally.

However, once the proper level has been determ ned, cell survival is

assur edielal b@wecnaseessioe pulses, to {IRAGHR] subjecpdenlatbiysysias togamebeenoughii t was

~considered, and is outlined in_.Figyre 5 .. an escrjbed bel.ow. Although the
“bui | di ﬁﬁatﬁ? B’Etlfge Ct‘}f"“@ﬂ@'ferﬁpe&tWE ﬂ?et‘%ﬂﬁ?{ reghlt 1“%‘%3%%"5# ﬁwesﬁgg& nol ogy known
to any epeteRmteaki | led in the art of electronics, the block design Figure 5
“required to I ver, a . constapt-current taq an el ectroporat,i on apparat us
requires in!sq(ag‘{']t t eﬁ&\‘i@“”@?@??ﬁf’?ﬁ@h?“fr@’ﬁt%%@f fté’@?%?ip&vﬂ'&dc M s. [0066] In
Fi gur e gaaininp &n Shptiedde aehi @SBESHS Me dedtrbyed CRADAAEGEhifed vORIge 6fs@in, SW t Ch 26,
which is connects the electrqdes, to q? meter 28 in an}/ s&guence, as

di r ect 4B BYTERSAR AR 2 destrugfive dtprsity, ands the Qperafpioesn 19hPrE¥Ent A ect r odes to

cur r enthagpshing.Nin 3 donsithi-Gibrepl@ldtne fife chrddint B Beset MtlebLAirekiibld 0@ @hk€t rodes from
constant-current source_42. The vol é@ge required topgﬁerate

const arfell €At dast nsrEe Tho oxast Hiing phife Ut 1idgRendadf PR cdiSpt y 48, and the
vol t agQohRaikibE thditmusPRUeRiAinddRp&RIBAEID). [HRWeveP, oBQIIRI pRépRfleRbnat OW VoI t age
supply 24. The energy is being delivered to both supplies by battery 52.
[ 0067) WI"S‘EJP?%F)?“'&‘“’{VHBWa’"dé‘@il’cf@g“’ﬁsf,m%e-and 38 provide neans for the user
. to specifyppbg cug %\ﬁ&hlg) RVighed cirBift W b SRidbRNAhDisBNMindd 8 FRMIeSE count,
respectively, The ENABL button 56 initiates the operation of the device
by di r é8¢ daseribedieelovs rtlthgnghdhe huglding blacks of suphea girquibgan be replemes8d by npedance when
the el AAGEE SnéWiiEto! drio skifl¥d 18 Gilel MR bIBGrofids, MeHIdRR dedidnGtihke 5 Wi ch - al | ows
pul si ng&g’p&be n Vo ally Dirson gkitdd i the a2t i's préssed. [Q('J%'s) Pul sing activity
i s i ndireqiredfo geliverpconstanipirregt to in ghegirenoration Fpaws pquiras isighidy hevhr onous
acti vata.on: | : 66. [0069] The ENABLED state or PULSING state
can be e?egiﬁg?iﬁraeﬂ?g étﬁwg%géhtmi me by pressing RESET button 60. This action
deact i vat es006d punEigng S, g elpawgdd askemblyl 22 Dxcognpeted 1, seletor syiieh 26udi bl e al arm 66
and resgats, : I L0 bé al 1| state is not
interr ﬁ%‘dg&@%&g}%%Fegé&ﬁég(??@&%s&%glr%?gaeﬁé@%ed H%ntr?&%%g}t%@é&% and current
swi t ch 4825witeh @6 kamvadso codr@ctzbéSe extiredds ¢r cu@@@Bwitch 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 FULSING 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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WO 03/ 076006 PCTI US03/ 06833 current pulses to el ectrodes 22 of an
intensity, duration and. count, as determined by the Sketaptemjwr3006 nput
devices 36, 38 and 34. [00701 The buil ding-blocks in Figure 5 can be

i npl emented by state-of-the-art technol ogy, known to any person skilled in
t he ar tWQP3/EpWet r oni cs. For exanple Controller 46 CcBET/EEI6833e a

m croprocessor, a mcrocontroller or discrete integrated circuits.
Simlarly, the selector switch 26 and current switch 37 may conprise

el ectromechani cal switches or sem conductor sw tches. Constant-current
sour ce cdiZentrpuylses ongledtodesd 2o e irkensityrduméont and otountnas defefminédebysthel f  Appl i cati on

Speci fi I nt ASIC'). A marked drop with tissue i npendence

occur s qu8gﬁ%ﬁ'§d Y‘“é?@%&?%%. on pul se, which requires the current to be

I ncreased. [00M@1] ’Fherbuﬂd)m-bloctks inaligabb ean @ iepeoxstediey dafe-ofithaethi evi ng a

desire rc e I r supplies 24

and 42?‘?‘?&?5 ngF'ﬂLaaI"y BYs@ é’\XH]%dHP h'aa&l?ttelﬁgggql‘f)sgg&ng%n?qlee&&% g?ﬁy use gel -cell

- or it leanbempaise ahlﬁabmbdsgyy, alxrnmﬂomdc&mm%or&émtegﬁtedmtmtﬁ&mﬂmw thenpri se

potenti meters o i tal r eadabl ontr.ol I er 46 The '

P vent P 26 and s SWlih T aex R e bRl s %61 1 om about

0. 005 kvermeorﬂtmwswftwés COdﬂm-adfemgommlnﬁy B@ﬂﬂmeﬂc&ﬁcﬁﬁﬂﬁmﬂsﬁ@mbl y 22 may
conpris | ural it | e d.to be i.nserted into

Tt S'suegﬁ“tﬁfé{gﬁ#@@maﬁ “$P8ﬁ?ﬁ&‘f Fid?c ?&gs}%@e‘g 985‘?83’ PEHake gal vanic

cont acimp¥niidhcd BEcusK Fallowidig cbdcR6of60e pulse] apiiicid rdgtirdsethe Rowdnt @lbé Nt 0 cont ai ners

holding mnaterial to be treated. [00721 Figure 6 shows the sequence that

oper at b‘]“efiﬁﬂut is processed by the controller. Qher sequences and

pr eldgt erm n[e?bupar a&fﬁhﬁfeﬁ%fv&%ﬁs ﬁScdnblﬂerEl% ﬂﬁﬁﬁﬂléﬁ@ra\dadire@&h\é@@ﬁlset he E)p(; :\/;EE B
cou e inmplemented within_ the scogpe of the present invent.ion. -
PRGrGr%FEh%‘FEE@F FFenerpmRie, t)xmbowmmﬁwé and g2 Fpgycupe %N@f of %‘?ﬁliﬁ One enbodi ment

of thetd@ﬁr%&%?tBét&Y)eﬁm%msé el bdiFor MRARH ioXERhnbiyy ipheklicapaytaad prototype. |t
has an _i nput power of 117 volts and an oqut put voltage that is selectable

from 1é§>m@bcozwoswwowtfrﬁoré?laﬂﬁi@wdﬁ&rf'éfiabéqmtcewoﬂ%tﬁ Beentigle accuracy of

- plus Oke ﬂas%%elf%u ries)thé%an Re Ol ERd omrﬁ%mutfo@osmhtosab@l&wwe is 8 anperes
|ntoa2q50 hm | oad. The output current fuse is a 15 eres slow bl ow. The

~ pul si ngerendingsikgnepd Et!ecrqzde weth%@aqb%ﬂl@@semwétmofélé%dl% oswodéls, A maxi mum
| eakag SdpHl rt@ﬁ\“.t mQJneé lrﬁﬁuéﬂauﬂnaam& QY RS- mERkE MdcRddet aésﬁghed Bagkdent al

exposure. e pulse configuration I s six sequentlal pul ses of alternating
pol ari gglvamc 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 voitage acuuracy' 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 pA should prevent potential fatal

accidental exposure. The pulse configuration is six sequential pulses of alternating polarity.
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~ - congr uélsetrigd spameeproigriedh thay gravides pspndpdivg diple lqulat SPHIEeHFORIN

17 7 Septenber 2006 WD 03/076006 PCT[ US03/06533 The prototype has
di mensions of 15 x 30.5 x 34 cm with a weight of 6.2 KiSepitmeberi200¢ e
device is encased in a shock resistant waterti ght case. [0074] The XEP-100
prototype for a nodul ar el ectroporation systemused for facilitating the
i Nt r odWO0HWHE a nacronol ecule into cells of a sel eBEBHSBI03Ee i n a body
or plant has been constructed and a protocol for the working operation of
the prototype is described below Initially a needle electrode assenbly is
connected to a constant-current pul se generator subsystem Figure 7. The
needl e Tht pﬁﬁdt@daamaamtbhyoi(ﬁa 3nHua4 cin, witlgaweigld)of 62 kgadhpewike t o del i ver the
macrongl ecul es throu needl e, and deliver a constant- current
el ectma gYpe 18 Ecassd g gwﬁesﬁ“&‘ﬁﬁ%{&lﬁﬁ“&f needl e el ectrodes to the sel ected
ti ssue. An. [petgct r‘]rheadEPCIO)Olp&ﬂdtﬁie fola giodutard)ectidpatatipr ystedasedaforonduct i ve | i nk
formthe.pul se controlle Figyre 7) tq,the needle electrodes is
constr Eﬁlgﬁmﬁéhe ntgpey Eoé?]ﬁg‘ir%’%‘g‘é%'fed‘%\t&‘fakd’ 65%‘?“?"9 URHE M 2 PIRE eed e
el ect r@dﬁt R REMEonistrucIde afd™d 'tdmnfor fhe viddng 6pefation ofthe protdyperis a human

operat g han firmy. insert. the nmounted needle
el ectrd nﬁ@?@ﬁm %PQE@ Rerdle sleritads atpemyly issqaesd 1O fCOnFH ST The
o maf:r ) ?@hﬁfgﬂn&ﬁtoﬁdﬁfﬁsyh&ﬁ Flgdﬁhl Ylﬁd’rﬁéﬁlé’dléi:trbc%&sﬁ&h‘l @ksrsrmm mﬂgﬂb 8) ut,-) Int o the t
sel ecte I SS (6] a Su ecC |ono rarma e curren
" pul se é‘%ﬂ’f ‘#leg?’er t%n}apmerplgwﬁqsga?@%a&wa ‘é‘lf‘?ﬁaﬁ‘ tal pulse to
the pl yirddnt bl¥ct@idal PERAhBugdl ae;g.sramsi@ﬁneeiﬂaelecmssstbamsewea fifdhe. €Aectri cal pul se

is a decentralized el ectroporation event that occ rs.in an1 ea where no
@9\5 t he

Macr onpkiggt rfo the ﬁeelﬂﬂ ele&ﬁﬂ@i Iﬁébn‘stﬂic&dtam&@b hndQé deh@ﬁéd%’&lsx%o&ﬁ t hout
overheating and damaging the cell or tissue, as described above in Figures

1 and Sherpgstierifctrode asspabli One embg@méntpfth% Weenfiph VISIONSAUGIN PRAIOB| ect r opor at i on

event ﬂ?theﬂ!n&l@ aﬂdﬁ‘ﬁﬁfyﬁﬁs@ﬂthfc Hﬁuﬁl&ﬁﬁbzﬁe &éc%ﬁ&éa@s@ﬁb@%ﬁ@ﬁ@éelé ctefld the desired
macronol ecul es 1nto a nuscle tissue of a subject. The VOLTAGE SELECTI ON

SW TCHtigsuy ofshe subject XEmmagomeleenlesapqshen delivesedwiaithe hypedemig paedl infey| tage, either
- 100 or tl?ecggl\!ctsd#s?ﬁe Jf%%:b?e?l’?ﬁ a&ﬂaﬁ&%fftﬁé rdgfEnntBRe ¢ Eﬁ&t phsoRidiRE 1S turned on,

and the lit confl mpovver perator will need to
wai t 5 wilk dismitiute ¢ eonstantewrertt eleetrieat pylesio thealurdlity efneedie @@mdqa Zbe During this

|nterv rator is read
eﬂra 1188 6k I y
%{) S(taah?ﬁlgteﬁ%&l BF %B%eé lk?%és st ﬁ%@kﬁ%ﬁ%ut to n%?%)gg The orange
L ED ( 8 wheielnb cdngrueitiele¢troporathatioyeriap pointatevsleb.svhich alews thetngacromolecule
10 be inserted into the cell of the subject without overheating and damaging the cell or tissue,

as described above in Figures } and 2,

[0075]  Asshown 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 S 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.

{00771  2) Press the 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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[0077] 2) Press the START button (2) to initiate pulsing. A flashing blue
LED marks each pulse. After 6 pulses, both the orange 7 &em&uED2006D and
the blue "PULSING' LED are extinguished. 18 7 Septenber 2006 WD 03/076006
PCT/1JS03/ 06833 [00781 The procedure can be interrupted at any tinme by
pressi MO HEEed RESET button (0). After a resettinBCT/BS88BIhds nust pass
before normal operation can be resuned. Because the pul ses occur at
one-second intervals, the START button may have to be held down as |ong as
one second to allow pulsing to be synchronized with the internal clock.
When t he el [@818] opdhapwredus caubesnterrupiter abanty tise by axgssingrthave@RESET el ect r ode pin

I's broken abpor mal |. I gh vol t age ' se counter to
i scouﬁl’t?dn‘l(??r gﬁ%%e%lé‘%g’?@ﬁ%"&ﬁ%‘ﬂ“@a%’?"g&s‘g?%S’EW’S g@?rbgﬁefs @%ﬂg (0) before
nor mal Be@micathd pilses Scoea wneskconbhntervalsgher START Buttor coy Havede bé edd peri od before
t he uniit can be enabled,again. [0079] An 20t a | n inherently
danger 8?1@“ Wen@?gc%s,onﬁﬁ%fog‘;ﬁ’r@ﬂg pé‘&{?tgit% ¥ Sy?r%hgf%he "@‘@3@%‘?‘@@“&1 & cgh using it.
Ther e aVien iy éléctupadtohia Zalsels withait a ddadpbrdwlza ayi eletrodeppic iif bokenat t enti on. For

exanpl e, hi Vol t ages are present at the needl e .e|l ectrpdes {hat can cause
sever e 2oM5TRLLY; ek, yagr ke "%ai‘\’icﬁ“s&sﬁet %‘ﬁie °831§ff?t8 .mlliﬁ?b'\%t\'/g 5 B'?ski n contact
does ogghidied bfysredsiny the RESBT Buttof (B béfore idviahapaihiti@dseatnddy Thikbiacwhock may resul t

in further ipjury. El ri ¢ sparks may. be .generated during nornal

oper at Pgr?"'ct‘)’f'&’ﬁ@%{?f"g&Orﬁegﬁﬁ‘éa&f?fean%ﬁaﬁaggan expl osi ve at nbsphere. Wen
~ the oper at qpo7p NP letcRBrehofit ihia inhventiakipehas derts, andlextemeciutiatles and ground,
~a "l eakag current" at th ower |.ine.freguen flows through the body.
 The madhPt Géer‘ﬂ?eﬁﬂa?f’%“%r‘? g‘???“’ia@ PW‘F@&W@@%%P'&RG%efbspﬁ‘i‘}é"?oanperes when
t he Unigftentién. FOLIxBILAC High VMR aRRDREGE 4t thefiEcdleRRIOEbdeAMINEIN chigd deddre  However, when
the unit is connected to an outlet with a faulty groundin in, the

cur r entuslf ageidspty skin gentachonsre  idawever; if Hdh cpRtagtiHass O ok, thrdav |1 bel ow t he
80 M ghBAdEVefchtthREA) e SHOS miEsult RHuGRer WY ERéHi@Epafks b%bd ation, care -

shoul d be taken not to touch a grounded operating table en using the
© i nst r uggsFateddwang nermahepergionef the dedpryhich cpuld ignfteexplpsiyRIMmIOSPRETS; | | t he

oper at-(Wheﬁh{a%e‘i’até’i‘%&ﬁplf%%n&fcﬁﬂﬁ%Eeﬁ%ehthe'élé&&ﬁés afiPhremd, AAfdlapd onal ly if two

el ectrodes t ouch, or e el ectrode assenbl ﬁhcont_acts a nmetallic object when
pul si nguest at theomesling Srequeneycliows thagnghibp bodyn Eheanagnityds gEdis giesntdpat t er i ng
ol t en Rk by deifh o HMamBHEEWRA IR it i biBBized R6h & pRIpesl @ﬁr@@houl d be taken
to av’oilgﬁtoJc elw% t he el egtrodes to 1m;,talg%zc obj egtsp. Y ) I\/_I%LE 2 -

" PREDET prRvr eyt dwweaaowivs, thagmidstanmec i RRERAtlet with a faulty grounding 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. Additionallyif
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
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[00801 In order to denonstrate the advantages between prior art and the
current invention, an electroporation experinent was copepiemlet 2066 a
porcine nmuscle. In a prior art systemwhere a predeterm ned voltage has
been inposed on the electrodes, the current increases at the nonent of

el ect r o804, Al t hough not wanting to be bound byPERERPESEhe current

I ncrease is due to an increased cell perneability that |owers the

interel ectrode inpedance. In one trail needl e-el ectrodes were inbedded in
the porcine nuscle and a 50 n§ 19 7 Septenber 2006 WD 03/076006

PCT/ US@8k& 688 dclivercd ¢o thagnudelé tissue, ewhichoresuited inuarcipproxinate & Ampiateeh resulted in

an apphig %%&%nai ?'.‘H?enmer @2{:&#@%&9 fsifie %&%@.&ﬂiise by o BOLGEAG, TUSCl € tissue

(Flgure an ex erature rise and results in
cel | deanperatuTm:aserardeesuhs inecet) dlea. uTke Gwnin benperhee tatted-aloylatediby | | zi ng val ues

commn IHZI 5‘?%&&1@%@% PJnvgnrnoxgaﬁ gn&'a?t AdcRARENS R %ﬁﬁe&?gﬁ% ng that the

vol une "enet 'S one Bi ¢ den and the specific
" heat ofvolnine emd]csedh;ahe dltredess end aobin mrﬂtnyn,etetdndtheepqadicaeanpfehertlsms owi ng to one

" pedaft e o bk e RpE g e e itePne o IR B BRRP ARG RO P O oo

S out "the necessity

- -of i ns Anipertg adidhs atiPizhladad maameémsms spmﬁﬁaﬂely'ES"ﬁJJ Irmemmti atal | ow t he
subjects circul atorr?/ system {bem)ve enough heat f t he cumul ati ve
"t enper Sledpessiity Ofingarying ap adequatcy COVEEDFUCSETSIYE PSR ‘B llq "t“ €8 es being

el ect r Qp&lAlre dystdnDOFdntorkeRnsugR héadsd thatltheccaflbdind REiBerfiiredis€ @NSdoNt - cur rent
systemis that the c %rent can be prevented fromattaining an anplitude at

whi ch tfalt ingdestructigneof thedispugs heis elegfforaiaénl e a 50 nS pulse in a

~.constant - CURDSIPt ST Sérdkdt] tRSddlvintagk Bf I @nfk-chriht §EA id RatMERBKGE 1 N the
porcine nuscle (Figure 8B). Accordin ltﬁlfg:t here is no _net increase in heat,

"~ whi ch agrshsmée«yel&qfrqmaéﬁmnlngmw}%deam elisagrisstroyed. FOraXpmPIEdr r ent because

- the cursp ﬁfStpulscSmFﬂrc&fsﬁht-ﬁﬁ-rcﬁ s&s&&frﬁ%sun@ﬁaen&%{ckeasedﬁahberdg@me tin@ccur. [00821
The above éexanples show the difference in current flowt ough a porcine

nuscl e musde (Figuwre BBl Ancprdinglyrthase is detnet inprease in lsat, ydich apgres ollylag e of
const akr k! PERing cAinGHiter tﬁ&m@ﬁm%ru%&%eﬁt@ﬁm&mawarmie cgipanges in

nmuscl e tissue as a pul se of predeterm ned voltage is passed through a
por ci ndeatiudees votiok@Eue. I n contrast, Figure 8B denpbnstrates that a constant-

current is @ﬁézga' l'DﬁeQ?dv@&ﬁhgﬁgshbﬁtﬁe%ﬁfe?éﬁﬁé:ﬂgur?cn%vﬁﬁogghp?oﬁﬂ@ﬂ ant - current

puI Se gener at e constant-current syst em of th esent invention.
Thus, mh:eclpmse@et‘manumeﬁmdmﬂmdw@lagn@dapulemfsmmt@cmmeﬁm$ﬁ ough tissues

and. prigQhoRirites I fie 0@tent @il th AR dosuedk Fhld of GBS IIRMN Gtage 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. Ineach 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 ¢lectrical 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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were conpl eted on bovine nuscle tissue and a saline solution sample. In
each experiment, all the results showed the same char atbept¢mldr@g06
Therefore, the current is not altered as it passes fromplus to mnus in a
selected tissue. The current traverses any and all obstacles provided that
t he preX¥9@#@6e)6 vol t age behind the current is |arge BEBURRPHwWever, shoul d
the el ectrode inpedance 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 wll
decr ease. TI(083Iwi | Althongit ewinge hinjeriians dellowkd din i yivb upanpiant-caaenbige, and
protect,the I i : tly, the

o1 cct r SHERShor TR e BRRBY Rbndd BB el AR mRISIED v "Cccurs

- when t wobject, ather eritallendthols fos macremclevleaistivey to a1 orgdnelimecalisd §sswdiarh a netal lic
operatin abl e nd o] A L] ; SeRLam 2006 WO

03/ 076(?8%”%@1?1%@3’/9008@@1?" c%%%]“w,&fnltnh%ﬁgﬁlé@er %g}é}alwi nj e%'?;?ge%u ol l owed by in
Vi vo cVigtalyanomethaiby whieh emberopalecie cambe istrodinsd ptarinorganelle;aselhad f or
delivering the macraoml ecul.es .intqg t | | 5. 0Of . | ot her suitable
et hod%‘s?%ror%’ 751701 %8 etfflgbegig‘?r?'\l}grra§wt‘@ﬁg%ﬁlg?%g’nog%F%,rdlg&%%ﬁﬁ?mg tissue or an
or gani s coald bbased npinbinsivh edih thetphesen ilyemiat.oSuch in viwas well &5 dclwizo cur r ent

i nventi o

 Virtual | et hod by whi ch be i ntroduced
|t o arPodaifefis Bt pl . ibeoltbictls S RN ACE R RRE, 02 Tt oo

—

U

..as woulwiold/ckép9und 93306008 US. PatkesatiNwar 3/619/042;15,320 78 3%563 068, 555088, be used i n

conbi natj i t yresent invention., Such in vivo as.wel|l as ex vivo
net hod&#ﬁ@?%@?ﬁ%&‘%@eﬁgfﬂc?fp?ﬁvl }bere[ublfyrﬂ?rgrf.cg)pl?yo 'PPY’&hmﬁllb"r?Bar dnent (PCT
- Appl i caiibie fNes. (KadpPleDd/ &19AIGD; ans. Perdnd BIbR &5,300)5%8 akeh5 @64, 765psach 5, 610, 042;

5,322,783 5,563, 055, 5,6 550,318, ,5,538,877 and 538, . -and each
i ncor de%f@EPt%‘i‘F'@ nyF@F%E%ﬁ&*@W eympdie i“B?F?‘W”f‘%"“gﬁ%' RE car bi de

- - fibers Ndsaspalab ard 5,568,055,1880incdddratePRiréi by NeBencd; BPEEGARdARG 5, 464, 765,

~ each i ncor por.ated herein reference); b [ cterium nedi at ed
st ARGy CiPsiopiss Ghs Pelesesch GG b 45300 Sf insa o c
| nCor PQeRiAS riak Rk by ikésitafirifisiton-méatdd DR AREHke bathny tnifieiorat i on of

protoplasts (U S. I?’at ent Nos, 4,684,611 and 4, 952, 500, each incorporated
her ei n sBSh etheds used i conjyyetigp With EOPSTABrEHTRK FIBTHOPYUAUMedi at ed DNA upt ake, and

any combi nagdoen Of AncHief EBBRIMALST S Bleritibn i‘sQ@?éJﬂﬁhiaﬁlale%dfﬁtidﬂQﬂSt ant - current
Il on. 100841 Anot her enbodi nent of the invention is to perform

glnegf o ciryesbisi gisichsto agpastic Hgsaeing sytiect. Qraglopdsd yesiclsaarp nfreduceddatie i n a
Subj eCty pDhftlsh AR o3 bFA Ay B héblle QHHFRAES b BliihanbufBRGUIb & L1 ssue 11 the
center of a plurality of needle electrodes, a constant-current pulse is
then used to create a diélectric 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
controtler 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. 7
[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

21




then used to create a dielectric breakdown of a specific tissue surface
form ng passage through which the drugs and genes are tSepteafilear28¢b f rom t he
vesicles through into the tissue. The constant-current pul se would be
generated by utilizing a programmable current pulse controller that wll

t ransf VOOHE6MONst ant - current pul se between any two BEEESIBEHEZ of the
plurality of needle electrodes. This nethod will mnimze an inpedance
between the el ectrodes and prevent cell death due to heating. This nethod
woul d al so take advantage of the electro fusion of m crobubbles to

t ransf de convans iatock gﬂnes eladrods srrayttbat duechaseeditd SwsemapgrapoblEbl y into the

bI d t d d bl | t der|

01000 AR e ok s IR R, ohEEIGAAYAL bR o under Vi g
modi fi dedeabibobfessel M_nm_bmntorco.des ca:ﬂémmﬂtqdeli\teeadkli’recﬁ}axyatobb_vmdeval;l herein w t hout
e abd QIR <R arbro RS kB REGP Gnh Wbl b WERGI A0ARy oI N0 0 he

cl ai ns. nven Ion prondes a net hod
for de Iti:eheﬂlyofmlfe toodaessandhe carstenttcorrant peid wouldiz genaited yputilibieg bl ood  vessel

wal I s or_si cells in cul d|f| 1 O dl e el ectrode
“array CPSW%%E}E W@éBﬁ‘lﬁ"iﬁ?@Wﬁfb@%{ w’%ﬁ% éﬂa‘ﬁfﬁf %ga‘%%gg% be convert ed
into a aﬁfatvd&eteetrodeé dfcliephaslitpdinesdleteleatrodes 'mmmelod will chuge tell deaginive  pr ogr ammabl e
current

ntroll er d desc i bed. h re| n, The catheter
Coul o tiehlSe ST Bpare SRRt Soud P R S B r BElade 1 Cen b
del i Verrﬂﬁletégtﬂﬁedde}ivérﬂbﬂnid&ﬁnol@&l‘aeinto\mdHloodtstredm zing a constant-current
pr ot ocol s d@ﬁ%l b here| n, ' woul d ot over he roy the wall

e
of the bloo E)'H"sef' SeéEfPF‘éﬁﬁlt ymrg%a%&tl%cuﬁrgn d’é’h‘érat ed by
utili zicostroBer tRNSIEH ﬂl@’ﬂ&h{aﬁt—&ﬂéxﬁt@ﬁﬁe&tﬂm‘&@ax@&iﬂé Eledtdogds olffhaplubﬂhtyloft ransfer the

~constant-current pul se between A s, of t plurality of
need| e"s?di%#qcsﬂisgwﬂwr@am%&% Irl?/‘s&'gﬁ%‘@n aqoﬁﬂ@&tpﬁusa Y8 heati ng. Such

an appajf akdtdm gﬁlﬂué@ﬂlm tHeR 14lcBhabie oFalecR¥fotttibR S celliRah ALY g%ﬁﬁr&ft@lieadl rect and

nore regul ated delivery of macronol ecules into the blo ag’g ream 100861 The

const a nﬁé‘ﬂuﬁ‘déﬁfheﬂﬁ%lbap@@ﬁ’é‘icé}’teéﬁhﬂw shigpthoged FRETHRR Bl se

cont rOlpluﬁEcotnfréﬂb?{o%ﬂﬁr fohss &ﬂ@&kﬂﬁ%ﬂeﬁé’{aﬂxﬁtﬁﬁn ubddl fSR1BRIPORAs satithd WO el ect r odes
of the t?l urality of need|e electrodes w thout heati nr% the tissues. It is

© f ur t hertherghampliydeheptingis miptmigedavhen usingp contioler cipuites deseroshin§51€Ri ¢ radi ati on

that i ﬁﬂ?%g}ee; For @ﬂaﬁt‘?f o RRRIES defPoRliof & chif ARREA, MifpodRFBhdog heat. One
skllle e art wl apprematethe ability to slightly modify the

progr amt@ caprogyse ongrer mese bigh povesr ragio-fresuenchi ewlses dhatgande applisd t r omagnet i ¢
radi at 'tﬁ@uélﬁfedpa rF elBdtfdGLs’ PRALAS- h@dﬁeﬁdﬁ‘bms& Bithe used because it allows the

applied energy of the field to contain more than one Fourier component and is efficient in

qc

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 resuit, 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]  Anelectrode assembly with a more uniform energy distribution is devised
can be achieved as follows:

|0088] 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 haif of the ..

intensity at point A.
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the high anplitude heating is mnimzed when using a controller circuit as
described in herein and in figure 4. For exanple, to ihSeptemiws200poration
or cell-fusion, a high power function generator can produce one or nore
hi gh power radi o-frequency pul ses that can be applied through the pair of
el ect r JH@EITHMWE r adi o-frequency pul se can be used beB@UBWNEEIH| | ows t he
applied energy of the field to contain nore than one Fourier conponent and
is efficient in inducing cell potation or fusion, as indicated in U S
- Patent 4,822,470, which is herby incorporated by reference. However,
heating of {0689]t i sBhwedditimno! mowsglectrodedte thesesnarioputipeddin Figwe dresultt he current
pul se t St p ' te : one to
o ¢ ot e e Bl bafe PR Gple VR B e e et ¢ he
“radi o fplaeeflsidechy sle et sdpanagtdbytaclistapeed e hithéweaitltapt gnasgy at peistfeedqyalt ween
el ectr 10Q8 . rgde . | - uni .t ener gy

BT Byt & G it 18 SR RAIRL S il oy KR Al BEER

di stributi an be achiev : en voltage is

i npos edilienwith &4t resphmse, bystaggeninoing indiveluatedcuitywith peakinesppnse ¢unveli gure 9, the

maxi mal cur infensities are f h Ot ot | ep: e line joining
the elect r@ggﬂé. ' B{g}er? réw%ftcag%ai%}ét?'gﬂéh@% %yf@%%&tﬁgnﬁor?g&g? e??gnce current
~-i-nt ensishévesn thraa¢leamode ariapVEhe gstaycelringosenisothal theeperky infEhsity at paint Bone  di st ance L

the current..a ing B.i,s ahal [ ' . DO A 227

Sept errﬂ%?nefb'ff%‘)ﬁ%a{}?f%%og%%Hg%éﬂgggﬁ)g’%g t{‘éﬁ@@} {#ﬂgﬁf}ggﬁ l[%% on of nore

- el ect r aeleied Dounhibative dnaedual tottat ofipeit An Figure 9 results in a different

o energy distpipytio rofile. .Eor_ exanple, when t pai.r | ectrodes are
pl aced si defoﬂgﬂsi d‘gs @ﬁaulgléeﬁgf-glfcér(gs?wnnﬁw érl?'ﬁf?_(':uécr%???’ ﬁ',e dfsﬁaggcr']gsul tant energy

fo [he one oot Ta b ety o el oy wi-th o LLat response, by

u I I R ol ) y
st agge™ R °f“H‘§F¥/&I§@ {fodgs, pad ks %pr\(z‘f?‘l”i‘f’"ﬂlétﬁﬁonF%gt&h‘?ebyéf}F&ég1.1 [ 0090] The
conceplgréannidbeL ¥t PiRbGTds & Sre@etwolitizloetissof caft beaicomptased. Fi gure 11 shows a

‘three-el ectrode array. The di stapce L is chosen so that the energy
intensity a[(}%gﬂi ntnBopti“anB\'fgbef?f?’EEF‘{S"Fs ?Fﬁ?mﬁfeﬁﬁﬁﬂ?é‘ﬂ’é‘ﬁ?gwet hree pul ses,
(1 to Znatetial 10 bdtraidfbcdd 4rd hd.farRdh BikpeRedBiweshagtivieshdiecigpulatib. ve dose equal
to that of point A  [0091] As the punber, of elﬂiagffi?()des i n tFOe array are

S

i ncreased, (0414 sPuermseect of the preseak yenfign J5 Lmgd Fese FYSEI%%y distribution
- beconesRyaRRRY thicPRddiRhds ih@R8Er moke dél1sofan ankifl bEplaht.| Fhe bétfipoRenidder of

el ectrodes, and k is_a proportionality constant. Thus, by selecting a
: the system include a plurality of needle electrodes mounted on a support structuré with 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 4 handle. The handle also contains an electrical connector from the needle electrode
assembly to a constant-cutrent 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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greater nunber of electrodes a greater volune of tissue can be enconpassed.
[0092] The optimal nunber of el ectrodes chosen nmay deperidSeptennbes 2000 une of
the material to be transfected and how far it is dispersed between

i njection and el ectroporation. [0093] One aspect of the present invention
i s a no¥APHP®Wect r ode system for introducing rracron%‘l:%ﬂﬁ‘@gs:”? nto one or
nore cells of an animal or plant. The conponents of the systeminclude a
plurality of needle el ectrodes nounted on a support structure with a
configuration for penetrating the selected tissue. In a preferred

embodi meatomotebule injestiomensiridge dan be peed; dsfivsing @ singlesloseponesairaliondf ti ssue with a
syring L ' Oflehodk port structure
form a$ﬁegt-e£§%a Eﬁgég%ggﬂﬁésg{s@g%ﬁ?%ﬁgﬁﬁ gghgblgkﬁ%%gt ed °g'§§3ﬁﬁgnd| e. The

- handl| e nmcomnolzore ijestiomneartdigeccomprisgh 2 Plastirerontamer pogtiant thas copidiny e el ect r ode
‘ass.enblség{e%os% cgﬁya@{‘aﬁgﬁ ét&%sfcﬁﬂ{ed%&%ﬁoﬂaﬁgf %ﬁgﬁeﬁb\lﬂﬁéﬁ&lﬁh sidip handle is
desi gne o provide a uUser an easy nmeans for i1nplanting the needle

el ect r aellcasgedibg from theplatice@htincrppridngkay will cineey fluidsifiomavithimthef  di sposabl e

2t 1 ach ARTAR AR RRLAPITRN Htufheh BE nbRRRIR Al T EC * Crvoc romt

. of t he phne Jbeictivatios of theprogrammabketulrent philes conmeliepdilldistriputepaens@nol ecul es i nto

one or nor | I : [ ' L Vi 0 -phant, which
utiliz&8"¥ 3fé§rt8 ulpgise ef z%t ﬁ%@g soytt/- s'{%gdrfngaig&or%‘#bge%ﬁ %F 2’ [ dr%?‘(en%h%h preferred
enbodi rdeotropofatibhevent deonreintan@rea where nooohgheent addceoptoratide oveylgp peintand net hod

~al l ows an,operator . grasp. 4 he.h f : nt pul se

" gener atd8Ye'1°§uE@?%%?ﬁ%ﬁlﬁ@gﬁeqsﬁ%mﬁg‘gg#t:degﬁng%ligggﬂg‘:%aéoé%@% Im%&%ﬁd firmy

i nsert ahd the needinelealle ak rdelilesdiimb thetcalh of the sulfjeetwithant onerhediing andicr onol ecul es
are then deljvered.int e selecte | ssue of an aninmal .or plant. A

oyt ngdmpdire e Sl BEisarh & rlr Sted S borheitestu yerfto Bk By 0 76006

PCT/ USQ81ho 6én3tant-cierent pilled geadsiter subisyeerh iharullows éreitigitizctmiterp packsfod del i vering a

single do_s&e(égﬁc%nt ration, of resterilized cronmpl ecul es. | pa body or

pl ant &&HP gvhetegecgss apd s P ARUEIRBOVAT SIS it FPESTOUSAIIPYAYIBY e i nj ection

cartridge conprises a plastic container portion that contains the single

dose c [ F A b‘la‘ij ronol ecul es, and a presterilized

hol | ow%@ﬁﬁ‘mﬁtﬁéé%@%‘g‘?ﬁféﬁgdﬂom% plastic container portion that will -

- convey fl ui [#895]r orPifferchtimusalésbave diffareas tivene resigtance Huedeidjfierenviel musple of t he hol.| ow
needl e " I S55.1.0S | .nt . 1ofhe activation

of the ﬁé@%‘%‘ﬂﬁ%‘@&gg’éﬁ‘ﬂ r ‘Zl#k&ﬁglqtg@& ?:%{r%td%(grhmg?&é}mﬁ?ﬁrl%ﬁgﬁ}?%?eo a constant -

cur r entinjedtedplasinGiakprpasios & demenddntonphatissilerasigtande. Iithe thjectedinusclesefiies such that a

decent rcgﬁskd%%gle 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”) coﬂstruct 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 (“5N™) electrodes (Figure 13). The condition used for each individual group are listed.
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el ectroporation event occurs in an area where no congruent el ectroporation
overlap points devel op. The perneability of the cells 7 Septdnebes2 of
decentralized el ectroporation increases. and the macronol ecule are
delivered into the cell of the subject w thout overheating and danagi ng
the cel VO ¥P%sye. A further enbodinent of the presER/UPRPEREi on is the
portability of the constant-current pul se generator subsystemthat all ows
one to utilize battery packs for wuse in the field where access and use of
a plug in power source is dangerous or inconvenient.  EXAWMPLE 3 -
ELECTROPORATI0O8 ONSeppncsamifles0es] cotipateddetorn thainicetionand ahoctndilf flgfent ti ssue
- resi St i dlifn! Werbhishieiiatdrit o8 Ghofs inhd B, AN nmirdkody @1 o1 1 and

nc ascl a and th

col | ag ntent, I'stribution, .and thickness. The |evel of

i nj ect edgspindshe eApression disappors plier dopk HupostinigeHionh Ehe respdts ghopdligt feance. 1 the

- 1nj ect %nﬁﬂﬁ-ﬁﬁtﬁf&l‘:{c&ﬁ{o atﬁ? le%kqu%i@e@ h§ SionlIEVe] dralcloltste-tRéecas M d
expression drops. In ﬁe ol low ng exanple, all animals were injected

usi ng tdlestréporationibystear r ay el ect roporati on systeni 200/ cm 6 pul ses,

variabl e orientation. [0096] Secreted enbryonic al kaline phosphat ase

("SEAP") values in pigs injected with 500 ncg synthetic pronoter - SEAP

(" SP- SEAP") construct into different skeletal nuscles are shown in Figure

12. EXAMPLE 4 - ELECTROPORATI ON ON PI GS USI NG 5- AND 6- NEEDLE ARRAY

ELECTRODE 100971 Five hundred m crograns SP-SEAP was injected into the

stenocranialis nuscle of young pigs. The injection was followed by

el ectroporation using either the 6- needle ("6N') voltage-based

el ectroporation system(at different tine points after the injection) or

t he constant-current electroporation systemof the present invention, using

the 5- needle ("5N') electrodes (Figure 13). The condition used for each

i ndi vidual group are listed. 24 7 Septenber 2006 WO 03/076006

PCT/ US03/ 06833 [ 0098] Serum sanpl es were col |l ected before the injection and

at 5 and 13 days post injection. Wights were recorded at the sane tine

points. SEAP is imunogenic in pigs, and the expression di sappears after

day 7-10 post-injection. The results show that the constant-current

el ectroporation system gives 3-8 the expression |evel of the voltage-based

el ectroporation system { '
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25 7 Septenber 2006 CLAIMS: 1. A nodul ar el ectrode systemfor facilitating
the introduction of a macronolecule into a cell of a SkbeptenalebrZD8Gue in a
body or plant, conprising: a plurality of needle electrodes for penetrating
the selected tissue, the plurality of needl e el ectrodes being nounted on a
support structure and arranged in a spaced relationship, and a

const apt - rent pul se generator subsystemin electrical comunication

W th ?ﬂ@lgﬁgrallty of needl e el ectrodes, wherein the constant- current
pul se generator subsystemis capable of applying a decentralized

const antA awdylerriecyodesgstesn fopéasiitating thelinirodpdtion off macspreddeclsd@@aa and; a

progranqgﬁpr&ﬁg&h@g&egpg&ﬁwgr ﬁh n&gﬂhéoller havi ng an |npedance net er
mn

in electrical comrunication ality of needle electrodes and
t he constant - cuﬂﬂ@ﬁﬂﬁp@f§€ﬂ§Eﬂ@ﬁa@@ﬁb$H%§y§m@ﬁ%=“*ﬁ@ﬁéﬁﬁmiﬁ@ pr ogr ammabl e

constant-current pul faﬁlraﬁlWHfBSHde%TecﬁéﬁesG&P@H&ﬁte%n TRLAALRNRY a constant

current independent of ary resistance change in the sel ected tissue during
the decentralized ceéwbarmageddyp praged rplatienshipandThe nodul ar el ectrode system
of claim1l, wherein the selected tissue of a body conprises nuscle tissue.

3. The nodul ar %@rﬁ%ah@% Is@QEn@xfato@L@sﬁ&&;mﬁb@&%&l@o&ﬁ&u@iﬂﬁﬁa' ity of needle
el ectrodes contains a sl | needl e support guide to help prevent the

needl e el ectrodes" fr&W?tB%HEF alsnqels %Wupﬁﬁiﬁbﬂﬁﬂtﬁééﬂﬁ@mélectrodes
penetrates the sel ectggnt |p§§y%ene43torTQﬁ,S§,§§ggyIl@gaﬁ{,@cgfr Higystemof claiml,

wherein the plurality of needl’e el ectrodes are” constructed froma materi al
that will nake gal va#fentEdiagdaeqnsignttqyreniepuiseshetieaen agy piEdity®§ul ar el ectr ode
system of claim4, whggriasdnge plurality of needle electrodes are netallic
or non-netallic materials. 6. The nodul ar el ectrode systemof claim1,

wherein the plurality of needle electrodes are non-symetrically arranged
around a cent er agéqgmnunaia@ constant-current pulse controller having an impedance

meter in electrical communication with the plurality of needle
electrodes and the constant-current pulse generator subsystem,
wherein the programmable constant-current pulse controller is
capable of maintaining a constant current independent of any
resistance change in the selected tissue during the decentralized

constant-current pulse.

2. The modular electrode system of claim 1, wherein the selected tissue of a body

comprises muscle tissue.

3. The modular electrode system of claim 1, 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.

. 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. Themodular electrode system of claim 4, wherein the plurality of needle electrodes are

metallic or non-metallic materials.

6. Themodular electrode system of claim 1, wherein the plurality of needle electrodes are

non-symmetrically arranged around a center point.
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7 Septenber 2006 7. The nodul ar el ectrode systemof claim1, wherein the
plurality of needle electrodes are symmetrical |y arrandeteptamber 20G6cul ar
configuration. 8. The nodul ar el ectrode systemof claim7, further
conprising a hypodermc needle |ocated in an area between the plurality of
needl e el ectrodes for the purpose of injecting macronolecules. 9. The
nodul ar e ectrpode system of claim7, wherein the cjrcular configuration of
the uT'!équ‘E 36?1"9‘?8@%1%3’%16‘8PE@T‘?’&d@Eﬂ%‘P\A@"QW‘EPE‘;QlGI cxedestifed wi t hout
0ppoSi NQsyR@hdtfcallyl Brandddtin BeildilR Codleaatibnde system of claim 9, wherein the
symmetrically arranged plurality of needle el ectrodes w thout opposing
pairs can produce a decentralized pattern during an electroporation event.
11. Tife Hecmbdular glegicadespittens pE tleim &f fughegicpmpiisingehismedamnivonesdingr uent

el ectrop i i 0t J:-he. decentralized
pattern fr%éagéed F}Eaé%\ét’%%lc? y%gﬂmi@f?&\lfﬁfg%%% u?safrgmé?ﬁeuglt?ors g%lféﬁ ’E‘g‘é‘?em or claiml,
~ wher ei n mhmomelequéasol ecul es are nucleic acids, plasnids, polynucleotides,
proteins, peptides, proteinaceous conpositions, amno acid chains, |ipids,
m nmetics, or pharpaceuticals_ in a fluid medjum 13, The ul ar el ectrode
syst eth of P “ﬂﬁrfg‘g@w&?@tﬁ? phelaipohIrhsrrn b Freiiar °ﬁ‘lﬁg§’§“§%fr‘{’gtg‘8t or subsystem
conpr i seglurafliof AddRlcREtkddesat syERANEGIIP brrirgad willivéppesngpaionduct i ve |ink from
a pulse controller to the plurality of needle electrodes; and (b) the
programuabl e current pulse controller in electrical conmunication with a
power 18oliregendulirelectinde sreicin bialaimlOeeharainithe sypapetngally argdnggdniuadlity wher ei n t he

electric - I : i 1 t st t

_ ﬂﬂ%& (of0) _ nt structure
for fast@%?%g t egﬁ%ﬁf5ﬁ?§bﬁﬁﬁgﬂ%§5@ﬂ9§f£§§§% es fg%&?ﬁgmﬁggdle. 15. The
nmodul ar #l detropdeiosyembm of cl ai m 14, wherein the handl e contains a

protective electrical insulating material to protect an operator from an

el ectrical shock. 27 7 Septe r 2006, 16. The nodu| ar el ectrode system of
o ai miLaTheRed eleeiiede i Ogg’fa&ﬁtlﬂr ¥hEEE; 1O ‘i?ﬁ%f“?"r'iéleﬁ'ir‘tﬂ%t’f’?y of needle

el ect r od@grligpontP@stlbp A ahRech odiht Q¥nttdieedianeh eeséblbea pofR@nas a pushing
tool to aid in the penetration of the plurality of needle electrodes into

the selected tissue.
12. The modular electrode system or claim 1, wherein the macromolecules are nucleic

acids, plasmids, polynucleotides, proteins, peptides, proteinaceous compositions, amino

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

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

controller to the plurality of needle electrodes; and

{b) the programmable current pulse controfler 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 protectivé

electrical insulating material to protect an operator from an electrical shock.
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17. The nodul ar el ectrode system of claim 14, wherein the plurality of
needl e el ectrodes fastened to the nount are rel eased Hﬁeatamhec?@(}%l ease
mechani sm 18. The nodul ar el ectrode system of claim 14, wherein the handl e
contains a switch that allows the user to initiate the constant-current

pul se to the needle el ectrode assenbly. 19. The nodul ar el ectrode system
of claim13, erein the power soqurce provides both high-voltage and

| ow vt 3@@%@%@%@6&@%@&@%@? aRot sipdwe petdi%fer . 20. The
Lmdul ar nglﬁiﬁﬁr_rroﬁﬂ@dﬁgﬁfnﬁmbﬁﬁaﬁd)sft'ldglt}ﬂaBaHoW@ﬂlEﬁ#ﬂ’dleltth_Be ﬂ?&\ﬁhaﬁsﬁhﬁ@?e Cﬁﬁpri ses a
attery. . .The nodul ar e| ectrode system of cl ai : erein the

progr amTﬁ’Bhga’éH}tPWetﬁlﬁlP’% t %‘r‘ff‘lr‘téﬁf’?‘é?‘h%g?f‘ﬁf’i@é‘g. {pﬁsgwefleﬁ}“’hg mechani sm f or
transferring a constant-current pul se between any two el ectrodes of the

pl ur alizt . 3 : er circuit; the
Cur ok ShPeoREE el BRI EPHTRATE herbhl PRl o e B ot ant - curr ent

f rom t helaptenadrio the movpet arerclehesd by twtk-islgasvaadehanissm and mai ntaining a
constant-current throughout the duration of a tinmed pulse; and an input
devi ce f rogr ' a |l ogi cal sequenc f coded.instruyctions to the

currer: ﬁﬁ‘g‘%‘i)“%é%g’nt&%g&Ste&‘%léfﬁ‘Tﬁ’Zg‘?er @eﬁﬁ@fﬂ‘%ﬁf?ta’élﬁéé‘f”?‘g’d tsystem of claim
21, wher gligwstiiRQisériipinktiathilid ERstaDTPIrend fSlse 18 theGédlegléctiodyskenibhiput ; a pul se

| ength input; and a pul se count input. 23. The nodul ar el ectrode system of
claim 21, further conprising an inpedance neter for relaying inpedance

i nf or it Tenmpddanslspiralnpydens obtlaint Bowbereio thetfowep sagregiprawdep botheed| e

el ect rodgsy,. I, i | Sept enber 2006
24. The %%%Sﬁgﬁége@elg‘?rv 5%3%‘%@%@ %Ha%%%f?ﬁ%géﬁe?cﬁa?ﬂ%nprograrmabl e
current pulse controller generates a constant-current pulse in a path

bet ween. TRy mbiMlar &le@édeaggem of 2him ThHewtwRshithe potbeaiufcedempyss em of claim 21,
wherein the progranmmabl e current pulse controller generates generate one
or nore *power radio frequency pulses that are applied in a path

bet ween any two el ectrodes. 26. A nodul ar el ectrode systemfor facilitating

the i r ’?M&du%@ e@étro%e g?s%n? Qpélaﬁt(ﬁ"il?,?whé?&ﬂ i programmable current pulse

controller comprises:
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

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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cell of a selected tissue in a body or plant, conprising: a plurality of
needl e el ectrodes and a hypodermi ¢ needl e for penetr at i7T¥gptameber 280tk ct ed
tissue, the plurality of needle el ectrodes being nounted on a support
structure and arranged in a spaced rel ationship, wherein the hypodermc
needle is utilized for the purpose of injecting macronolecules; an

electric nec or that i.des a conductive link froma pul se
cont r 6 ﬁ‘e’fl ulgs & eﬁl"‘lﬁ’?éﬁ“t“@ %‘x aifg gd gvhereip dheArosgramable %%ﬁ‘i‘td’ﬂﬁﬁg mechani sm f or

transf er &dnliglld gERABEARbnsGA E12RAt sk Sfa REL MEBARn aBtwolcbr@lcgct rodes of the
plurality of needle electrodes and a current pulse controller circuit; the

current pulse controller circuit having an inpedance neter for applying a
pul se 25f Theonedudan eletnde systenf eigipim2é, whanen thequegrammabld dveregfpiuise hi ng mechani sm

and mai ”éo%irﬁ‘ﬂe{? e%ra&ﬁ%@&&it@&%%?ﬁopeqﬁ%{ I?d%Jer &Hfortgeg%%nlg% P{l&%‘ﬂﬁ%& the duration

of atime rein the curre er circuit is capable
of nalntﬁmhﬂhga@mb@mgwawmy©wrdgmp&mrndependent of any resistance change in
the selected tissue during the decentralized constant-current pulse; and
an in

i t device for progr i ; seq nce of coded i nstructions
to the 6 ﬁPF@ﬁ?’%ﬁ??@ﬂgﬁgP%ggkggmﬁgﬂ@%ﬁﬁﬁwﬁWHO P &ctrode system
of cl ai m&@faﬁél@fﬁltﬁiubhlﬁa&ﬁkeﬁﬁlgﬂ dot@ﬁsmgo; aI body cov\rr}ralrises mﬁsclfa |
ti ssue. 28. The ar ode system of .clai.m. 26 erein the plurality
of needl e el ect 8 “%?Qﬁﬁﬁﬁk %ﬂ%ﬁﬁ?n%??gﬁ é@mgﬁﬁﬂ%ﬁ a center point.
29 7 Septenber 2006 sa&:ted-ﬁlaﬁeﬁwblﬁr@ﬁtyef&@dléﬁdﬂo&aéﬁﬁﬂg’m@ﬁlteﬁbﬁl m 26, wherein

the plurality of needl e el ectrode mret ri cal | arra ed in a circul ar
configuration. 30. TﬁémﬁﬁﬁﬂFﬁpﬁﬁpgéFW@ﬁi BY°E gf " wherein the

circular configurati & 8bodeigic nebdls &l mtmed)forrtmeﬁur@oseloe@ﬂjédndgs are
symmetrical ly arranged \Mt{%c t opposing pairs. 31. The nodul ar el ectrode
system of claim30, WRELEP ‘#ﬁe symetrically arranged plurality of needle
el ectrodes w thout opposing pairs can produce a decentralized pattern
during an electrical connector that provides a conductive link from a pulse

controller to the plurality of needle electrodes;

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 having an impedance meter for applying
a pulse of constant-current from the power source to the switching
mechanism and maintaining a decentralized constant-current
throughout the duration of a timed puise, wherein the current pulse
controller circuit is capable of maintaining a constant current
independent of any resistance change in the selected tissue during

the decentralized constant-current pulse; and

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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an el ectroporation event. 32. The nodul ar el ect rode system of cl ai m 31,
wherein no congruent el ectroporation overlap points défspemban?0¥n area of
the decentralized pattern resenbles a polygon. 33. The nodul ar el ectrode
system or claim 26, wherein the nmacronol ecul es are nucl eic acids, plasmds,
pol ynucl eoti des, proteins, peptides, proteinaceous conpositions, am no
acid chains, lipids, mnetics, or harrraceutlcals inaflud medl um 34.

The n@&u%ﬁm@“h’éﬂ%é@ system eheleim 26 ‘éhefﬁ%e plypley efingedlqrlecpdst¥F | cal connect or

conpri se§manett@fhfng&ish 908 McbFArafBNt structure for fastening the
plurality of needle electrodes to the handle. 35. The nodul ar el ectrode

system of claim 34, wherein the nount structure positions the plurality of
needl aoelpchoduthe slettroda sysosi ofi daimtZavhadih Gwsirttiie cosfiimikation of the used as a
pushi ng enet ra i on_of t ur al of needl e

el ectr od%lgrarht En?eﬁls e%ea‘i“’d%% %rﬁ golly ggansed witho ug?.ﬂpmm@%rét rode system of
claim 26, wherein the input deV| ce conprises: a current level input; a

pul se 4 emérﬂoduﬁpa&otmaé@stenefﬁleﬁls@%;emm%me@lzauymgemw el ectrode

system of claim 26, whérein the user settable |n{3 evices conprise: a
current plagedle el@“ﬂ@ﬂs§éh?%ﬁ@0ﬁmgaﬁﬁcﬁl$ﬁﬂ”§"ea lized gattepBUIRG qu| ar el ect r ode
system of;, GlcabfBrafn efdal.t her conprising an ohm meter. 39. The nodul ar

el ectrode system of claim 26, wherein the programrabl e current pul se
controller generates a constant-current pulse in a path between any two

el ect Bodeks: modiﬂar?eles&@deenybtem FCDGm 340whéﬁh‘m mochngment ellesgopoodien syst em of cl ai m

ﬁ|9 g hw;g\l;\gxlrer ?%%%39 {lievgl g%!a 331} area olfll:’he% a"flzede a&g Fésgggélgg a %&y@%ﬁ ates one or nore

ul'ses ath between any
two el ectrodes. 41. The rmdul ar el ectrode system of claim 28, wherein the

power 38 UPR Yod@RRIhRRS sftenPd dAM26PRfikein 2 mArdiRAdORPALRGHEIGCI Nj ecti on
cartridge for delivering a single dose concentration of presterilized

macr onol &adsi Ramids. pelsBel§otides, profene, REBifleh PolcHigecods SHMBRNtRS B8P ai ner porti on

that coniai ik hﬁmce | REHeBesIQ SRt RGBS Alal R AddiuRr est eri i zed
macronol ecul es, and a presterilized hol | ow sharp needl e extending fromthe

pl astic contai ner portion that will convey fluids fromwthin the
cont ai3deThetiddular 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 seftable 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.

39. The modular elecirode system of claim 26, wherein the programmable current pulse

controller generates a constant-current pulse in a path between any two electrodes.
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through the tip of the-hollow needle when the needle is inserted into the
body or plant. 43. A portable el ectrode system for faci’lSaptmibey29dte

i ntroduction of a nacronolecule into a cell of a selected tissue in a body
or plant, conprising: a plurality of needle electrodes for penetrating the
selected tissue, the plurality of needl e el ectrodes being nmounted on a
support structure, and arranged in a spaced rel ati nshiﬁt,p nd a portable

const &t Teympdiar efseireds systere phglgm By whsrein dhn Aroeramaehle F4g Snmuni cat i on

W th t hecgkiddlbdeyatRlond\ @ eibréhif RGef @86 Srequeh@ipaises thilere afticdiabl €
constant-current pul se generator subsystemis capable of applying a

decent r aP#b BYVEFH8Y IR AICHPYEnt pul se between any plurality of el ectrodes
and; a programabl e constant-current pul se controller having an inpedance

met er inrfl ﬁg%qliercezégtﬁg{éa@%{%%?tciaﬂﬂ 24 \Bﬁleréiﬁ‘ﬁleg%%@édpb% Bhpieedl € el ectrodes

and t he’ por -current pul se generator ubsystem wherein the
pr ogr ambdilesy pdnst ant - current pulse controller is capable of maintaining a
constant current independent of any resistance change in the sel ected
tissue during the decentralized cagstant-qurrent ul se. .31 7 Septenber

2006 4444 marEerpRiecplsgpiscianaRiEgg o5 VeSOt sipglg idRse. neqpiteioni s ¢ he sel ect ed
ti ssue Oﬁg@mﬂﬁgymgﬁamékﬁﬁﬁhﬂuﬁﬁy@rﬁhﬁ%&mmmﬁ@; The portabl e el ectrode system

of claim43, wherein the plurality of npeedle electrodes .contains a sliding
needl e support g'hﬂ?‘ﬁ@c ?‘B‘tﬁ‘l‘gqr B"rBP‘é&'étrﬁon'iaWé%BISH‘rggq qeoﬁi/coc?Fe“ﬁétécﬂ‘lo el ectr odes
from bendi ng as the prddtelitciynaefomdRedbcal ect rodes penetrates the sel ected

tissue. 46. The portable el ectrode system of claim43, wherein the
plurality of needle ekect

rqdes, are constructed frgm.a material that wll
make gal vani ¢ cSREED Wdtl}?ﬁ?‘ﬁéhaﬂ? g%eﬂésc?‘teﬁ ng g‘ﬁ‘ﬁﬂb"dﬁ?sgﬁlc%maé’iwéct rode system
of claim 46, wher ei n pohienphdtrvéllicoyvepfividefibie valhectheadasinaret netal lic or
non-metallic materials. 48, The.portable el ectrode stem of claim43,
wherei n the pIuraIitﬁagwiﬁ@%ﬂ?gwg?@§@W638 egﬁglgﬁBﬁ- W™l cal Iy arranged

around a center poi ntiato 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

a portable constant-current pulse generator subsystem in electrical
communication with the plurality of needle electrodes, wherein the
portable constant-current pulse generator subsystem is capable of
applying a decentralized constant-current pulse between any
plurality of electrodes and;

a programmable constant-current pulse controller having an impedance
meter in electrical communication with the plurality of needle
electrodes and the portable constant-current pulse generator
subsystem, wherein the programmable constant-current pulse;
controller is capable of maintaining a constant current independent
of any resistance change in the selected tissue during the

decentralized constant-current pulse.
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49. The portable el ectrode systemof claim43, wherein the plurality of
needl e el ectrodes are symmetrically arranged in a cirdweptemdsn29Qur at i on.
50. The portable el ectrode system of claim43, further conprising a
hypoderm c needle I|ocated in an area between the plurality of needle

el ectrodes for the purpose of injecting macronolecules. 51. The portable
el ectrode system of claim43, wherein the circul ar, configuration of the

pl ur aft Thegorialls glestrede swsierp @6 slaim 43.syhsran theosgiactpd é‘?ﬁ“ﬁﬁ&ég"’ﬁ\h hout opposi ng
pairs. Smplitg niesit akle el ectrode system of claim51, wherein the
symmetrically arranged plurality of needle el ectrodes w thout opposing
pairs can produce a decentralized pattern during an electroporation event.
53. TH& Perpodhblecledtedt sysdm of ylsine#d, stheinahaplolitywliascdielenwodsdngr uent

pat ter ok g Pt e PRpRR ol e R AR B e e A PO % B
43, wher om beridngrm the phindligoofinesllcanl extmdis Ipetietratas thel selectst dssue.ds

pol ynucl eoti des, proteins, peptides, proteinaceous conpositions, an no
acid chains, lipids, mnetics, or_pharnmaceuti "?lé’%{li naflud medium 32 7
Y,

Sept eftpe Fhoprygbleskctrofs sysiray efghsfra 43 vdhieteinger orleElegiofen3, wherein the

- por t abl ;g eiSinetd Tkt d @8k tHaSRilGRIRE bl Dlic GMRSWETHERs ANRr | ses:  an
el ectrical connector that provides a conductive link froma pul se

controller to the plurality of needle el ectrodes, and the programmuabl e
cur r eAt. Phelpseabdoaicrrodd sgsten of cilire 46, mhewin thephwrality cfacddinelecidetare power sour ce.

56. The Ig&gﬁiggrln%n_q}le%ﬁé"ﬁggrgﬁsyst em of claimb55, wherein the electrical
connector conprises a handl'é designed with a nmount structure for fastening

the plurality of needle electrodes to the handle. 57. The portable

el ect p@dthepyHittIRIRtrodd s¢itdh SIS hibleRtin tRepHkaARFb P&t Bt diss /e Pr Ot ect i ve
electrical insulating naterial to praotect an operator froman el ectrical

shock. S®n-symachispltyAveascd prusd HefBteEPittem of cl ai m 56, wherein the mount
structure positions the plurality of needle electrodes in a position that

al l owg,the h | 0. be us ' ' (o e penetration
of t\rll\%g'p 0P 8&?@?6?%#0%6@33& eg%ﬂ%ﬁf‘ i&glé%mtﬂn‘?%u@ﬁgl’fgé e%!egtcriédtg? &srgue. 59. The
port abl esyelnectcalbderasysitie avigfulac banfignidéon. wherei n the plurality of needle

el ect r odes

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 medinm.
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fastened to the nount are rel eased by a qui ck-rel ease nechanism 60. The
portabl e el ectrode system of claim56, wherein the handl%prtahea®® a switch
that allows the user to initiate the constant-current pulse to the needle
el ectrode assenbly. 61. The portable el ectrode system of claim55, wherein
t he power source provides both high-voltage and | ow vol tage power to the
progranmmabl e current pulse gcontraoller. 62. The portable el ectrode system
of cl émw,ortem%?@trﬁdﬂtsaf%terﬁaﬁfé?m’s“éu‘ﬂe%euﬁ@PPW@PEGB%&M-%@ pé"lSBat tery pack.
63. The gpaerhabhfsRiathmpdassystem of claim 62, wherein the battery pack is
worn by a user. 64. Tge portabl e el ectrode iést?g%of cl ai m 55, wherein the
progr ammmabl e cuPl &lfetrisH| wanecty that revades Axeapfnctixg link fom 2 ARG mechani sm for
transferring a const asdrofeth eRiphipalltpef eedlvaesiroda@yhdt wo el ectrodes of the
plurality of needle electrodes and a current pulse controller circuit; 33
7 Septenber 200 t he current | se control.ler circuit f.or. applying a pul se
of constant - cur rﬁrogr?m??lﬁé%%ﬁﬁﬁls%%%% T i SlppHcal SPPERTRE “Arechani sm and
mai nt ai ni ng a const ariithapowertoutcéir oughout the duration of a tinmed pulse,
an input device for progranm ng a | ogical sequence of coded instructions
to the current pulse controller circuit; and an inpedance neter for
r el ayiShAgThanoaehierdectpdesystern of dpimpatwhsesin theslectngel coapestor opwesesaf t he needl e
~ el ect r 00g, 3R SEARLY Wl mb R st fuF S0 fafdthlihe pRidHLy dThéeRle cfebfdiith - 65 The
portabl e el ectrode system of claim®64, "wherein the input device conprises:
a currehehindleel jnput; a pulse length input; and a pul se count input. 66.
The portabl e el ectrode system of claim 64, wherein the inpedance neter

conpri_ses, an hm neter. 67.. The _port abl | ectrode system of clai m 64,
Sher i Tidps Pahds Pt at e Shriaen Bl FeftpaErEie o
const ant eleditidabinfuldinp Satetifl tapostanptrapefion ay elemticablleck.r odes. 68. The

portabl e el ectrode system of claim 64, wherein the programabl e current

pul se control |l er generates generate one or nore high power radio frequency
pul se$8t Hetpogplde 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 inthe 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. The portable electrode system of claim 55, wherein the power source provides both

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

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.

64. The portable electrode system of claim 55, wherein the programmable current pulse
controller comprises: '
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; '
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applied in a path between any two el ectrodes. 69. The portable el ectrode
system of claim43, wherein the portable constant-curr @itepistibse200ener at or
subsystemis encased in a water-tight container. 70. The portabl e el ectrode
system of claim69, wherein the water-tight container can be worn on the
users back. 71. The portable el ectrode systemof claim43, wherein the
portabl e constant-current pul se _generator subsystemfurther conprises a

battery pack poWEcuaenypilse conigollergicuinor pupbying use P WAEAYYET® of cl ai m 71,
wherein the battery pagk (ROWSWerS Ry to GRITRKISRS: bdbch¥niswOlahd. 34

maintaining a constant-current throughout the duration of a timed

pulse,

an input device for programming a logical sequence of coded instructions

to the current pulse controller circuit; and

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.

70. The portable electrode system of claim 69, wherein the water-tight container can be

worn on the users back.

71. The portable electrode system of claim 43, wherein the portable constant-current pulse

generator subsystem further comprises a battery pack power supply.

© 72. The portable electrode system of claim 71, wherein the battery pack power supply

comprises 12 DC volts.
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