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LOCALIZED MODULATION OF TISSUES AND CELLS TO ENHANCE

THERAPEUTIC EFFECTS INCLUDING RENAL DENERVATION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No. 61/548,822, filed

October 19, 201 1, which application is incorporated herein by reference in its entirety.

BACKGROUND AND SUMMARY OF THE INVENTION

[0002] Pharmaceutical and biotherapeutic agents interact with cells differently depending on the

local physiologic conditions of the tissue in which they are delivered or taken up. For example,

pH changes can lead to differences in the uptake of drugs into cells due to membrane

permeability or polarization of the pharmaceutical agent, among other reasons.

SUMMARY OF THE INVENTION

[0003] While it has been published that pH differences may alter drug effects in cell culture

assays, the localized or regionalized modification of pH within the body to enable more rapid

drug uptake, more rapid clearance, or improved effect has not been attempted.

[0004] Provided herein are compositions, methods, devices, and systems that generate this

effect by local administration of the pharmaceutical agent guanethidine monosulfate which is

also known as 2-(Octahydro-l-azocinyl)ethyl guanidine sulphate; Heptamethylenimine, l-(2-

guanidinoethyl)-; N-(2-Perhydroazocin-l-ylethyl)guanidine; Azocine, l-((2-

(aminoiminomethyl)amino)ethyl)octahydro-; (2-(Hexahydro-(2H)-azocin- 1-

yl)ethyl)guanidinium sulphate;Azocine, l-(2-guanidinoethyl)octahydro-; Guanidine, [2-

(hexahydro-l(2H)-azocinyl)- ethyl]-,sulfate ( 1:l);2-[2-(azocan-l-yl)ethyl]guanidine; Abapresin;

Oktadin; Dopom; N-(2-Guanidino ethyl)heptamethylenimine sulfate; Eutensol; Esimil;

Dopam;2-( 1-N,N-Heptamethyleneimino)ethylguanidine; Guanidine, (2-(hexahydro- 1(2H)-

azocinyl)ethyl)-, sulfate (1:1); Guanethidinum [INN-Latin]; Oktatenzin; Oktatensin;

Ismelin(TM); Guanidine, (2-(hexahydro-l(2H)-azocinyl)ethyl)-; Guanetidina [INN-Spanish];

Octatensine; (2-(Hexahydro-l(2H)-azocinyl)ethyl) guanidine hydrogen sulfate; Sanotensin; 2-

[2-(azocan-l-yl)ethyl]guanidine; sulfuric acid; 2-(l-Azacyclooctyl)ethylguanidine; Ismelin

sulfate; Guanethidine sulfate; (2-(Octahydro-l-azocinyl)ethyl)guanidine; Ismelin; or (2-

(Hexahydro-l(2H)-azocinyl)ethyl)guanidine sulfate (1:1), with the chemical formula

CioH22N4 H 20 4S and molecular structure displayed in Fig. 16. Provided herein are also



compositions, methods, devices, and systems that generate this effect by local administration of

the pharmaceutical agent guanethidine hemisulfate.

[0005] The present invention relates generally to pharmaceutical preparations, systems

including medical devices and diagnostic or therapeutic agents, and methods to treat disease.

More particularly, an embodiment of the present invention relates to modification of local tissue

environment to modulate the therapeutic index of locally or systemically delivered therapeutic or

diagnostic agents. Even more particularly, an embodiment of the present invention relates to

improved ability to reduce sympathetic nerve activity in the adventitia and perivascular tissues

around arteries and veins in the body.

[0006] A particular aspect of the present invention is the ability to modulate the local tissue

environment around a renal artery to enable more effective denervation with pharmaceutical

agents in order to treat hypertension, heart failure, sleep apnea, insulin resistance, or

inflammation.

[0007] Provided herein are methods, systems and compositions for the practice of inventions

described in U.S. Patent Application Numbers 12/765,708 and 12/765,720, the full disclosures

of which are incorporated by reference.

[0008] A method for improving pharmaceutical therapy is presented herein. In general,

embodiments of the methods include improvements in drug therapeutic index with the

modulation of physiologic tissue conditions. In particular, embodiments of the methods

comprise modulation of pH in local tissues with local drug or buffer delivery in order to enhance

the therapeutic index of agents delivered into tissues or in order to have direct therapeutic effect

by virtue of modulating tissue pH locally.

[0009] Provided herein are methods including specific improvements to guanethidine

neurodegeneration in conditions of elevated pH and the methods with which to create such

conditions. These methods are particularly useful in the degeneration of the renal nerves located

in the adventitia and perivascular tissue surrounding the renal arteries. These nerves are seminal

to the initiation and maintenance of the hypertensive state and the denervation of the renal

arteries has shown beneficial effect with respect to reductions in blood pressure, improvements

in heart failure, reductions in insulin resistance and sleep apnea, and even speculated

improvements in vascular inflammatory diseases.

[00010] Guanethidine in vitro studies have described cell culture conditions by which

guanethidine monosulfate has been cytotoxic to harvested and cultured rat superior cervical

ganglia neurons. (Johnson EM and Aloe L. Suppression of the in vitro and in vivo cytotoxic

effects of guanethidine in sympathetic neurons by nerve growthfactor, Brain Research



1974;81:519-532; Wakshull E, Johnson MI, Burton H. Persistence of an amine uptake system in

cultured rat sympathetic neurons which use acetylcholine as their transmitter, J . Cell Biology

1978;79:121-131). The experiments by Johnson, Wakshull and others found that guanethidine

has weak cytotoxic activity at pH of 7.0 to 7.2 and strong cytotoxic activity at pH of 8.0 when

exposed to 100 µΜ concentrations of guanethidine for 40 to 48 hours.

[00011] In-vivo testing of guanethidine ' s neuronal cytotoxicity has shown that perivascular

injection of guanethidine hemisulfate in concentrations of 8.3 mg/mL and pH of 8.5 to 9.5

produces a renal denervation in pigs, while perivascular injection of 8.3 mg/mL guanethidine

monosulfate at pH of 5.5 to 6.5 does not produce the same denervation.

[00012] With injection into the perivascular and adventitial space, injectable agents are tracked

by the methods described in U.S. Patent 7,744,584, incorporated herein by reference, and agents

are preferably injected by catheters similar to those described in U.S. Patent 7,691,080,

incorporated herein by reference. It is recognized, however, that other catheters or needles could

be used to inject agents locally within tissues to accomplish similar effects to those described

herein.

[00013] Provided herein are compositions, devices, systems, and methods that locally modulate

of physiologic pH by injection or other means (it is known, for example, that in the presence of

electrical signals or certain metallic substances, for example, local pH can be modulated). In

some embodiments, the method comprises injecting a composition that exists at pH around 9

into the tissues surrounding nerves that are the target of denervation, during, before, or after the

delivery of the therapeutic agent guanethidine monosulfate. The injection or infusion of this

composition into the tissue surrounding renal arteries (see FIG. 11 below) displaces interstitial

fluids that have neutral physiologic pH of around 7.3 to 7.4.

[00014] Other methods of the current invention involve the modulation of local tonicity or

osmolarity to achieve enhanced cellular uptake of pharmaceutical agents in formulation with or

delivered before or after the agents that modulate local tonicity or osmolarity. For example,

delivery of a hypertonic saline causes, through osmosis, the release of liquid by cells. Similarly,

delivery of hypotonic solutions can cause cells to swell while they take up additional liquid from

their surroundings. Agents instilled into the interestium around cells can potentially have

improved uptake depending on the local tissue tonicity. This behavior varies from one

therapeutic agent to the next, due to ability for agents to bind membrane receptor proteins or

enter cells through channels or pores.

[00015] Additional methods of the current invention do not involve application of therapeutic

agents in concert with local modification of tissue physiology, but rely directly on the local



modulation to accomplish therapeutic goals. For example, hypertonic saline, detergents, solvents

such as ethanol, strong acids and strong bases can each lead to cell damage, alteration or

destruction with the local modulation of physiology. The delivery of these agents by the

methods described in this invention are also useful for accomplishing goals set out here such as

localized nerve destruction. Modulation of pH in solutions can be accomplished with alkaline or

acidic buffer agents. Buffer agents include but are not limited to sodium hydroxide, sodium

bicarbonate, magnesium hydroxide, sulfuric acid, hydrochloric acid, citric acid, acetic acid,

sodium citrate, sodium acetate, boric acid, potassium dihydrogen phosphate, diethyl barbituric

acid, 3-{[tris(hydroxymethyl)methyl]amino}propanesulfonic acid, N,N-bis(2-

hydroxyethyl)glycine, tris(hydroxymethyl)aminomethane, N-tris(hydroxymethyl)methylglycine,

2-[Bis(2-hydroxyethyl)amino]-2-(hydroxymethyl)- 1,3-propanediol, 3-[N-

Tris(hydroxymethyl)methylamino]-2-hydroxypropanesulfonic acid, 4-2-hydroxyethyl- 1-

piperazineethanesulfonic acid, 2-{[tris(hydroxymethyl)methyl]amino}ethanesulfonic acid, 3-(N-

morpholino)propanesulfonic acid, piperazine-N,N'-bis(2-ethanesulfonic acid), dimethylarsinic

acid, saline sodium citrate, 2-(N-morpholino)ethanesulfonic acid, or glycine.

[00016] In yet another aspect to this invention, a novel composition is described. In improving

the performance of guanethidine in local tissue delivery, a pH adjustment may be required.

Compositions of the present invention include the formulation of guanethidine in concentrations

ranging from 1 µg/mL to 50 mg/mL at pH of greater than 7 . In particular aspects of this

invention, concentration of a formulation is between 1 and 30 mg/mL, sodium chloride content

is between 0.7% and 0.9%, though greater or lesser concentrations may also be used, and pH is

adjusted to about 9.5 but at least between 8 and 11 by buffering with an alkaline buffer such as

sodium hydroxide or other buffers described above, until the desirable pH is reached and can be

maintained over time.

[00017] In addition to the agents described in U.S. Pat. Application No. 10/765,720, additional

agents are useful when delivered with the methods presented in 10/765,720 as well as in this

invention. These agents include toxins entering cells through sodium channels, including

tetrodotoxin and batrachotoxin, toxins entering cells through potassium channels, including

maurotoxin, agitoxin, charybdotoxin, margatoxin, slotoxin, sycllatoxin and hefutoxin, and toxins

entering cells through calcium channels, including calciseptine, taicatoxin, calcicludine and

PhTx3.

[00018] Other agents that benefit from the methods described here and in referenced patent

applications include adrenergic blockers and stimulators (e.g., doxazosin,

guanadrel, guanethidine, pheoxybenzamine, prazosin plus polythiazide, terazosin, methyldopa,



clonidine, guanabenz, guanfacine); Alpha-/beta-adrenergic blockers (e.g., Labetalol);

angiotensin converting enzyme (ACE) inhibitors (e.g., benazepril, catopril, enalapril, enalaprilat,

fosinopril, lisinopril, moexipril, quinapril, ramipril, and combinations with calcium channel

blockers and diuretics; ACE-receptor antagonists (e.g., losartan); Beta blockers (e.g., acebutolol,

atenolol, betaxolol, bisoprolol, carteolol, esmolol, fimolol, pindolol, propranolol, penbatolol,

metoprolol, nadolol, sotalol); Calcium channel blockers (e.g., Amiloride, amlodipine, bepridil,

diltiazem, isradipine, nifedipine, verapamil, felodipine, nicardipine, nimodipine);

Antiarrythmics, groups I-IV (e.g., bretylium, disopyramide, encainide, flecainide, lidocaine,

mexiletine, moricizine, propafenone, procainamide, quinidine, tocainide, esmolol, propranolol,

acebutolol, amiodarone, sotalol, verapamil, diltiazem, pindolol, bupranolol hydrochloride,

trichlormethiazide, furosemide, prazosin hydrochloride, metoprolol tartrate, carteolol

hydrochloride, oxprenolol hydrochloride, and propranolol hydrochloride); and miscellaneous

antiarrythmics and cardiotonics (e.g., adenosine, digoxin; metildigoxin, caffeine, dopamine

hydrochloride, dobutamine hydrochloride, octopamine hydrochloride, diprophylline,

ubidecarenon, digitalis), and sensory denervation agents including capsaicin.

[00019] Other agents have been shown to create partial or complete sympathectomy as well,

and may be used as the therapeutic agent as described herein. These include an

immunosympathectomy agent such as anti-nerve growth factor (anti-NGF); auto-immune

sympathectomy agents such as anti-dopamine beta-hydroxylase (anti-D.beta.H) and anti-

acetylcholinesterase (anti-AChe); chemical sympathectomy agents such as 6-hydroxyldopamine

(6-OHDA), bretylium tosylate, guanacline, and N-(2-chloroethyl)-N-ethyl-2-bromobenzylamine

(DSP4); and immunotoxin sympathectomy agents such as OX7-SAP, 192-SAP, anti-dopamine

beta-hydroxylase saporin (DBH-SAP), and anti-dopamine beta-hydroxylase immunotoxin

(DHIT). A full description of these agents is found in Picklo M J, J AutonomNerv Sys 1997;

62: 111-125. Phenol and ethanol have also been used to produce chemical sympathectomy and

are also useful in the methods of this invention. Other sympatholytic agents include alphas-

agonists such as clonidine, guanfacine, methyldopa, guanidine derivatives like betanidine,

guanethidine, guanoxan, debrisoquine, guanoclor, guanazodine, guanoxabenz and the like;

imadazoline receptor agonists such as moxonidine, relmenidine and the like; ganglion-blocking

or nicotinic antagonists such as mecamylamine, trimethaphan and the like; MAOI inhibitors

such as pargyline and the like; adrenergic uptake inhibitors such as rescinnamine, reserpine and

the like; tyrosine hydroxylase inhibitors such as metirosine and the like; alpha- 1 blockers such

as prazosin, indoramin, trimazosin, doxazosin, urapidil and the like; non-selective alpha blockers



such as phentolamine and the like; serotonin antagonists such as ketanserin and the like; and

endothelin antagonists such as bosentan, ambrisentan, sitaxentan, and the like.

[00020] Additionally, agents that sclerose nerves can be used to create neurolysis or

sympatholysis. Sclerosing agents that lead to the perivascular lesioning of nerves include

quinacrine, chloroquine, sodium tetradecyl sulfate, ethanolamine oleate, sodium morrhuate,

polidocanol, phenol, ethanol, or hypertonic solutions.

[00021] Such agents may be used for denervation in a variety of locations in a subject. While

much description herein is directed to renal denervation, the inventions herein are not meant to

be limited to this location or these nerves. Other target nerves are contemplated, such as

bronchial nerve denervation, or transbronchoscopic denervation, at least.

[00022] AGENT DELIVERY, MODULATOR DELIVERY (ANY ORDER): Provided

herein is a method of delivering a therapeutic agent to a subject that locally denervates nerves

comprising delivering the therapeutic agent to the subject and delivering a modulator or

composition that is effective to modulate the local pH of the tissue surrounding the nerves that

are the target of denervation. The delivery of the therapeutic agent and/or of the modulator or

composition may be transluminal using one or more device as described herein, for example.

Such delivery of said composition may be during, before, or after the delivery of the agent. The

therapeutic agent may be guanethidine, or another therapeutic agent noted herein. The

modulation may change the pH of the tissue to at least 7, to between 7 and 11, or between 8 and

10, or to between 8.5 and 9.5, for non-limiting example. In some embodiments, the modulator is

a buffer or a buffer agent. In some embodiment the composition comprises a buffer or a buffer

agent. In some embodiments, delivering the therapeutic agent and delivering the modulator or

composition is done simultaneously, concurrently, or sequentially, using the same injection

devices or using separate injection devices.

[00023] MODULATOR DELIVERY ALONE In another embodiment, the method comprises

delivery of a composition that locally modulates the pH of the tissue surrounding the nerves that

are the target of denervation without the need for a therapeutic agent. In such an embodiment,

the composition itself achieves the therapeutic goal of denervating the target nerves.

[00024] BUFFERED AGENT DELIVERY In another embodiment, the method comprises

delivery of a composition that has been pH-modulated prior to delivery to the tissue surrounding

the nerve. Such composition may comprise a pH modulator and the therapeutic agent. In some

embodiments, a composition comprises a therapeutic agent and a pH modulator. In some

embodiments, a composition comprises a therapeutic agent at a pH of at least 7, between 7 and

11, between 8 and 10, or between 8.5 and 9.5, for non-limiting example. In some embodiments



an aqueous solution comprising the therapeutic agent alone (without the modulator) is more

acidic than the composition comprising the aqueous solution of therapeutic agent and the

modulator. In some embodiments an aqueous solution comprising the therapeutic agent alone

(without the modulator) is more alkaline than the composition comprising the aqueous solution

of therapeutic agent and the modulator. The pH modulator may be a buffer, an alkaline buffer,

such as NaOH, or another buffer that adjusts the composition to a target pH, to at least 7, to

between 7 and 11, to between 8 and 10, or to between 8.5 and 9.5, for non-limiting example.

The pH modulator may be an acid, an acidic agent, or a salt of an acid or acidic agent. In such

embodiment, the composition comprises a therapeutic agent and a pH modulator that modulates

the pH of the composition to at least 7, to between 7 and 11, to between 8 and 10, or to between

8.5 and 9.5, for non-limiting example. Such composition may be delivered to the tissue

surrounding the nerves that are the target of denervation. A single injection of said composition,

in some embodiments, may be effective in denervating the target nerve or nerves. In some

embodiments, the therapeutic agent comprises guanethidine, guanethidine monosulfate, or

guanethidine hemisulfate, or any agent (i.e. therapeutic agent) noted elsewhere herein. In some

embodiments, the modulator is a buffer or a buffer agent. In some embodiments the buffer

comprises sodium hydroxide.

[00025] GUANETHIDINE HEMISULFATE AGENT DELIVERY In some embodiments,

the method comprises delivery of a composition comprising a therapeutic agent in an aqueous

solution having a pH that is alkaline. In some embodiments, the method comprises delivery of a

composition comprising a therapeutic agent in an aqueous solution having a pH that is acidic. In

such embodiments, a pH modulator is not necessary to achieve the pH that enhances the

effectiveness of the therapeutic agent in denervating a nerve in the tissue to which the

composition is delivered. Such a composition may comprise a therapeutic agent in an aqueous

solution having a pH of at least 7, between 7 and 11, between 8 and 10, or between 8.5 and 9.5,

for non-limiting example. Provided herein is a composition comprising a guanidine with pH>8.

In some embodiments, the guanidine is guanethidine. In some embodiments, the guanethidine

includes monosulfate. In some embodiments, the guanethidine includes hemisulfate in a solution

configured for denervation. In some embodiments, the guanethidine includes hemisulfate in a

solution suitable for denervation. In some embodiments, the pH>9. In some embodiments, the

pH>10.

[00026] In some embodiments, the composition further comprises an alkaline buffer. In some

embodiments, the alkaline buffer comprises NaOH. In some embodiments, the alkaline buffer

comprises NaOH in a molar ratio to the guanidine concentration of 50% or greater. In some



embodiments, the alkaline buffer comprises NaOH in an equimolar or greater concentration to

the guanidine.

[00027] In some embodiments, the composition further comprises a contrast medium. In some

embodiments, the composition further comprises sodium chloride. In some embodiments, the

sodium chloride is 0.7% to 0.9% of the solution. In some embodiments, the guanethidine

monosulfate is in concentration of 0.1 mg/mL to 50 mg/Mr. In some embodiments, the

guanethidine monosulfate is in concentration of 1 mg/mL to 20 mg/mL.

[00028] Provided herein is a method for modulating local tissue physiology comprising the

delivery of preparation comprising a liquid, gel, or semisolid into the tissue. In some

embodiments, the preparation buffers the local tissue physiology by raising or lowering the pH

of the local tissue. In some embodiments, the preparation comprises a therapeutic agent that has

its index effect at a physiological condition modulated by the delivery of such preparation, but

not having an index effect at neutral physiological condition. In some embodiments, the

preparation further includes a therapeutic agent that has additional or enhanced index effect at a

physiological condition modulated by the delivery of such preparation, but not having such

additional or enhanced index effect at neutral physiological condition. In some embodiments,

the gel comprises a hydrogel. In some embodiments, the hydrogel consumes protons as it

resorbs in the tissue. In some embodiments, the hydrogel is alkaline. In some embodiments, the

preparation includes guanethidine monosulfate. In some embodiments, the preparation has a

pH>8. In some embodiments, the preparation includes a contrast medium.

[00029] Provided herein is a method of creating renal denervation comprising the localized

delivery of an acid or base with sufficiently low or high pH to create localized nerve damage or

destruction.

[00030] Provided herein is a method of creating renal denervation comprising the localized

delivery of a non-isotonic or non-isoosmolar solution that creates neuronal destruction while

sparing other local tissues.

[00031] Provided herein is a method of treating hypertension comprising the delivery of a

preparation of guanethidine monosulfate at pH>8 or guanethidine hemisulfate at pH>8 into the

renal artery adventitia and perivascular tissues.

[00032] In some embodiments, the method further comprises delivery from an intravascular

aspect.

[00033] Provided herein is a method of treating heart failure comprising the delivery of a

preparation of guanethidine monosulfate at pH>8 or guanethidine hemisulfate at pH>8 into the

renal artery adventitia and perivascular tissues.



[00034] Provided herein is a method of treating insulin resistance comprising the delivery of a

preparation of guanethidine monosulfate at pH>8 or guanethidine hemisulfate at pH>8 into the

renal artery adventitia and perivascular tissues.

[00035] Provided herein is a method of treating systemic inflammation comprising the delivery

of a preparation of guanethidine monosulfate at pH>8 or guanethidine hemisulfate at pH>8 into

the renal artery adventitia and perivascular tissues.

[00036] Provided herein is a method of treating sleep apnea comprising the delivery of a

preparation of guanethidine monosulfate at pH>8 or guanethidine hemisulfate at pH>8 into the

renal artery adventitia and perivascular tissues.

[00037] Provided herein is a method of creating renal denervation comprising the localized

delivery of an agent chosen from the following: a hypertonic saline, a detergent, a solvent,

ethanol, a strong acid, a strong base, a buffer agent, an alkaline buffer agent, an acidic buffer

agent, a composition having a sodium chloride content between 0.7% and 0.9%>, a composition

having pH of about 9.5, a composition having pH that is adjusted to about 9.5 by buffering with

an alkaline buffer agent, a composition having pH that is adjusted to about 9.5 by buffering with

sodium hydroxide, or a composition having pH of between 8 and 11.

[00038] In some embodiments, the buffer agent comprises one or more of sodium hydroxide,

sodium bicarbonate, magnesium hydroxide, sulfuric acid, hydrochloric acid, citric acid, acetic

acid, sodium citrate, sodium acetate, boric acid, potassium dihydrogen phosphate, diethyl

barbituric acid, 3-{[tris(hydroxymethyl)methyl]amino}propanesulfonic acid, N,N-bis(2-

hydroxyethyl)glycine, tris(hydroxymethyl)aminomethane, N-tris(hydroxymethyl)methylglycine,

2-[Bis(2-hydroxyethyl)amino]-2-(hydroxymethyl)- 1,3-propanediol, 3-[N-

Tris(hydroxymethyl)methylamino]-2-hydroxypropanesulfonic acid, 4-2-hydroxyethyl- 1-

piperazineethanesulfonic acid, 2-{[tris(hydroxymethyl)methyl]amino}ethanesulfonic acid, 3-(N-

morpholino)propanesulfonic acid, piperazine-N,N'-bis(2-ethanesulfonic acid), dimethylarsinic

acid, saline sodium citrate, 2-(N-morpholino)ethanesulfonic acid, and glycine.

[00039] Provided herein is a method of creating renal denervation comprising the localized

delivery of an agent chosen from the following: guanethidine in a concentration ranging from 1

µg/mL to 50 mg/mL at pH of greater than 7, guanethidine in a concentration ranging from 1

mg/mL to 30 mg/mL at pH of greater than 7, a composition comprising guanethidine having a

sodium chloride content between 0.7%> and 0.9%>, a composition comprising guanethidine

having pH of about 9.5, a composition comprising guanethidine having pH that is adjusted to

about 9.5 by buffering with an alkaline buffer agent, a composition comprising guanethidine



having H that is adjusted to about 9.5 by buffering with sodium hydroxide, or a composition

comprising guanethidine having pH of between 8 and 11.

[00040] Provided herein is a method of creating renal denervation comprising the localized

delivery of a first toxin entering cells through sodium channels, wherein such first toxin

comprises one or more of: tetrodotoxin and batrachotoxin, a second toxin entering cells through

potassium channels, wherein such second toxin comprises one or more of: aurotoxin, agitoxin,

charybdotoxin, margatoxin, slotoxin, sycllatoxin and hefutoxin, and/or a third toxin entering

cells through calcium channels, wherein such third toxin comprises one or more of: calciseptine,

taicatoxin, calcicludine and PhTx3.

[00041] Provided herein is a method of creating renal denervation comprising the localized

delivery of an agent comprising an adrenergic blocker, an androgenic inhibitor, an adrenergic

stimulator, an Alpha-/beta-adrenergic blocker, an angiotensin converting enzyme (ACE)

inhibitor, an ACE-receptor antagonist, a Beta blocker, a calcium channel blocker, an

antiarrythmic of groups I-IV, an antiarrythmic, a cardiotonic, an alpha-2-agonists, a guanidine

derivative, an imadazoline receptor agonist, a ganglion-blocking agent, nicotinic antagonist,

ganglion-blocking agents, nicotinic antagonist, a MAOI inhibitor, an adrenergic uptake

inhibitor, a tyrosine hydroxylase inhibitors, an alpha- 1 blocker, a non-selective alpha blocker, a

serotonin antagonist, an endothelin antagonist, a sclerosing agent, or a sensory denervation

agent.

[00042] Provided herein is a method of creating renal denervation comprising the localized

delivery of an agent comprising doxazosin, guanadrel, guanethidine, pheoxybenzamine, prazosin

plus polythiazide, terazosin, methyldopa, clonidine, guanabenz, guanfacine, Labetalol,

benazepril, catopril, enalapril, enalaprilat, fosinopril, lisinopril, moexipril, quinapril, ramipril,

and combinations with calcium channel blockers and diuretics, losartan, acebutolol, atenolol,

betaxolol, bisoprolol, carteolol, esmolol, fimolol, pindolol, propranolol, penbatolol, metoprolol,

nadolol, sotalol, Amiloride, amlodipine, bepridil, diltiazem, isradipine, nifedipine, verapamil,

felodipine, nicardipine, nimodipine, bretylium, disopyramide, encainide, flecainide, lidocaine,

mexiletine, moricizine, propafenone, procainamide, quinidine, tocainide, esmolol, propranolol,

acebutolol, amiodarone, sotalol, verapamil, diltiazem, pindolol, bupranolol hydrochloride,

trichlormethiazide, furosemide, prazosin hydrochloride, metoprolol tartrate, carteolol

hydrochloride, oxprenolol hydrochloride, and propranolol hydrochloride, adenosine, digoxin;

metildigoxin, caffeine, dopamine hydrochloride, dobutamine hydrochloride, octopamine

hydrochloride, diprophylline, ubidecarenon, digitalis, capsaicin, anti-nerve growth factor, anti-

dopamine beta-hydroxylase, anti-acetylcholinesterase, 6-hydroxyldopamine (6-OHDA),



bretylium tosylate, guanacline, and N-(2-chloroethyl)-N-ethyl-2-bromobenzylamine (DSP4),

OX7-SAP, 192-SAP, anti-dopamine beta-hydroxylase saporin (DBH-SAP), and anti-dopamine

beta-hydroxylase immunotoxin (DHIT), phenol, ethanol, clonidine, guanfacine, methyldopa,

betanidine, guanoxan, debrisoquine, guanoclor, guanazodine, guanoxabenz, moxonidine,

relmenidine, mecamylamine, trimethaphan, pargyline, rescinnamine, reserpine, metirosine,

prazosin, indoramin, trimazosin, doxazosin, urapidil, phentolamine, ketanserin, bosentan,

ambrisentan, sitaxentan, quinacrine, chloroquine, sodium tetradecyl sulfate, ethanolamine oleate,

sodium morrhuate, polidocanol, or a hypertonic solution.

[00043] In some embodiments, the agent itself or a composition comprising such agent has a

pH of at least 7, a pH of at most 11, a pH of at least 7 and at most 11, a pH of at least 8 and at

most 10, a pH that is effective to denervate nerves to which such agent is delivered, or a pH that

is adjusted to a level that is effective to denervate nerves to which such agent is delivered.

[00044] Provided herein is a method for enhancing the uptake of therapeutic agents into tissue

comprising modulating pH of the tissue by creating a zone of the tissue having a center and an

outer edge, wherein the zone comprises a modulated pH as compared to a pre-modulation pH of

the tissue prior to modulation or as compared to a neutral pH, wherein zone comprises a gradient

of pH that is most modulated at the center of the zone and reduces to the pre-modulation pH of

the tissue or to neutral pH at the outer edge of the zone, and wherein enhanced uptake of a

therapeutic agent occurs in the zone as compared to uptake that would occur into tissue at the

pre-modulation pH or at neutral pH.

[00045] Provided herein is a method for enhancing the uptake of therapeutic agents into tissue

comprising - modulating pH of the tissue by creating a zone of the tissue having a center and an

outer edge, and - delivering a therapeutic agent into the zone; wherein the zone comprises a

modulated pH as compared to a pre-modulation pH of the tissue prior to modulation or as

compared to a neutral pH, wherein zone comprises a gradient of pH that is most modulated at

the center of the zone and reduces to the pre-modulation pH of the tissue or to neutral pH at the

outer edge of the zone, and wherein enhanced uptake of the therapeutic agent occurs in the zone

as compared to uptake that would occur into tissue at the pre-modulation pH or at neutral pH.

[00046] In some embodiments, the method comprises delivering the therapeutic agent into the

zone. In some embodiments, the therapeutic agent is delivered systemically and modulating the

tissue pH enhances a buildup of the therapeutic agent in the zone or improves a therapeutic

index in the zone.

[00047] In some embodiments, the enhanced uptake occurs within a portion of the zone having

the modulated pH that is modulated from the pre-modulation pH by a preselected amount. In



some embodiments, the enhanced uptake occurs within a portion of the zone having the

modulated pH that is modulated from a neutral pH by a preselected amount. In some

embodiments, the preselected amount is a difference of pH between the modulated pH and the

pre-modulation pH or between the modulated pH and the neutral pH of one or more of: 0.5, 1.0,

1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, -0.5, -1.0, -1.5, -2.0, -2.5, -3.0, -3.5,- 4.0,- 4.5, from 0.5 to 5.0,

from 1.5 to 4.5, from 2.0 to 4.0, about 0.5, , from -0.5 to -5.0, from -1.5 to -4.5, from -2.0 to -

4.0, about 0.5, about 1.0, about 1.5, about 2.0, about 2.5, about 3.0, about 3.5, about 4.0, about

4.5, about -0.5, about -1.0, about -1.5, about -2.0, about -2.5, about -3.0, about -3.5, about - 4.0,

and about - 4.5. In some embodiments, the modulated pH is a pH that is lower than the tissue

outside the zone, which is higher than the tissue outside the zone, that is lower than the pH of the

tissue prior to modulation, or that is higher than the pH of the tissue prior to modulation. In

some embodiments, the modulated pH is more acidic than the pH of tissue outside the zone, or is

more alkaline than the pH of tissue outside the zone. The method of Claim 42, wherein the

modulated pH at least 7, at most 11, at least 7 and at most 11, at least 8 and at most 10, or a

predetermined pH that is effective to denervate nerves to which such therapeutic agent is

delivered. In some embodiments, the therapeutic agent comprises guanethidine. In some

embodiments, the guanethidine includes monosulfate or hemisulfate. In some embodiments, the

modulated pH at least 7, at most 11, at least 7 and at most 11, at least 8 and at most 10, or a

predetermined pH that is effective to denervate nerves to which such therapeutic agent is

delivered.

INCORPORATION BY REFERENCE

[00048] All publications and patent applications mentioned in this specification are herein

incorporated by reference to the same extent as if each individual publication or patent

application was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[00049] A better understanding of the features and advantages of the compositions, systems,

devices, and methods provided will be obtained by reference to the following detailed

description that sets forth illustrative embodiments and the accompanying drawings of which:

[00050] FIG. 1A is a schematic, perspective view of an intraluminal injection catheter suitable

for use in the methods and systems of the present invention.

[00051] FIG. IB is a cross-sectional view along line IB-IB of FIG. 1A.

[00052] FIG. 1C is a cross-sectional view along line 1C-1C of FIG. 1A.



[00053] FIG. 2A is a schematic, perspective view of the catheter of FIGS. 1A-1C shown with

the injection needle deployed.

[00054] FIG. 2B is a cross-sectional view along line 2B-2B of FIG. 2A.

[00055] FIG. 3 is a schematic, perspective view of the intraluminal catheter of FIGS. 1A-1C

injecting therapeutic agents into an adventitial space surrounding a body lumen in accordance

with the methods of the present invention.

[00056] FIGS. 4A-4D are cross-sectional views of the inflation process of an intraluminal

injection catheter useful in the methods of the present invention.

[00057] FIGS. 5A-5C are cross-sectional views of the inflated intraluminal injection catheter

useful in the methods of the present invention, illustrating the ability to treat multiple lumen

diameters.

[00058] FIG. 6 is a perspective view of a needle injection catheter useful in the methods and

systems of the present invention.

[00059] FIG. 7 is a cross-sectional view of the catheter FIG. 6 shown with the injection needle

in a retracted configuration.

[00060] FIG. 8 is a cross-sectional view similar to FIG. 7, shown with the injection needle

laterally advanced into luminal tissue for the delivery of therapeutic or diagnostic agents

according to the present invention.

[00061] FIG. 9 is a schematic illustration of an artery together with surrounding tissue

illustrating the relationship between the perivascular tissue, the adventitia, and the blood vessel

wall components.

[00062] FIG. 10A is a schematic illustration of the kidney and arterial structure that brings

blood to the kidney.

[00063] FIG. 10B is a schematic illustration of FIG. 10A with sympathetic nerves shown

leading from the nerve plexi or ganglia proximate to the aorta around the renal artery and

terminating in the kidney.

[00064] FIG. IOC is a cross-sectional view along line 10C-10C of FIG. 10B.

[00065] FIGS. 1lA-1 1C are cross-sectional views similar to FIGS. 4A and 4D, shown with the

injection needle advanced into the adventitia for progressive delivery of agents to sympathetic

nerves according to the present invention.

[00066] FIG. 1ID is a cross-sectional view along line 1lD-1 ID of FIG. 11A.

[00067] FIG. 1IE is a cross-sectional view along line 1lE-1 IE of FIG. 1IB.

[00068] FIG. 1IF is a cross-sectional view along line 11F-1 1F of FIG. 11C.



[00069] FIG. 1 depicts an embodiment catheter that can be used to accomplish the methods of

the invention being deployed from a sheathed and deflated configuration in cross-section view to

an inflated and deployed configuration in cross-section view successively from top to bottom on

the left of the figure, and showing a picture of such embodiment in the right images of the

figure.

[00070] FIG. 13 depicts a cross-section of a vessel having an embodiment catheter deployed

through a lumen or vessel wall and shows an agent delivery into tissue and shows that in some

embodiments the drug concentration decreases and the pH of the agent delivered becomes more

neutral as the distance from the agent delivery location increases.

[00071] FIG. 14 depicts another embodiment view of how drug concentration may decrease

and pH may become more neutral as the distance from the point of agent delivery increases,

similar to that depicted in cross-section in FIG. 13.

[00072] FIG. 15 is a series of two plots at two times: time 1 (Tl) in the top plot, and time 2

(after time 1) in the bottom plot (T2) showing the normalized concentration and the pH as the

distance from the injection site increases along the x-axis, wherein the pH and the concentration

are both depicted on the y-axis, and depicting a therapeutic zone that exists where the

concentration is at least 0.25 of some maximal normalized concentration and a pH of at least 8.

[00073] FIG. 16 depicts the chemical structure of Guanethidine Sulfate.

[00074] FIGS. 1 A-1 L show the results of the viability testing run in triplicate by Alamar blue

in about 4 or 24 hours of incubation at 48 hours i.e.2 days (left column including FIG. 1 A, 1 C,

1 E, 1 G, 1 1 and 17K plots) and at 7 days (right column including FIG. 17B, 17D, 17F, 17H,

17J and 17L plots)

[00075] FIGS. 18A-18D depict the differences between guanethidine monosulfate in FIG. 18D

and guanethidine hemisulfate in FIG. 18C, the monosulate having a lower pH and found in

certain preclinical studies to have inconclusive or null results and the hemisulfate having a

higher pH and found in certain preclinical studies to have good preclinical results.

[00076] FIG. 19A provides in vitro confirmation of high-pH guanethidine effects showing the

LC50 levels for 48 hour guanethidine exposure in cell lines mimicking peripheral sympathetic

neurons, in the first column SH-SY5Y cells were tested at 4-hours at pH 6.3, in the second

column SH-SY5Y cells were tested at 4-hours at pH 9.3, in the third column PC-12 cells were

tested at 4-hours at pH 6.3, and in the fourth column PC-12 cells were tested at 4-hours at pH

9.3.

[00077] FIG. 19B provides in vitro confirmation of high-pH guanethidine effects showing the

LC50 levels for 48 hour guanethidine exposure in primary peripheral sympathetic neurons, in



the first column SCG cells were tested at a neutral pH, in the second column SCG cells were

tested at 1 hours at pH 9.3.

[00078] FIG 20A depicts an embodiment composition of guanethidine monosulfate in solution

that is buffered to increase the pH, for example to a pH level of guanethidine hemisulfate in

solution.

[00079] FIG. 20B depicts guanethidne monosulfate buffering that is possible to reach the pH of

guanethidine hemisulfate, wherein the NaOH-buffered guanethidine monosulfate (Ismelin)

lOmg/mL data is shown in the data having a diamond marker with dashed line (starting in the

bottom left of the chart), the NaOH-buffered guanethidine monosulfate (Ismelin) lOmg/mL data

with 17% isoVUE370 is shown in the data having a square marker with solid line (starting at

about 6.3 pH at the bottom left of the chart at the 0.0 on the x-axis), and the Na-OH buffered 10

mg/mL guanethidine hemisulfate in 0.9% saline is shown with the triangle marker and dashed

line starting above the 10 pH and at 1.0 along the x-axis, and wherein the Na-OH buffered 10

mg/mL guanethidine hemisulfate in 1 % IsoVUE 370 is shown with the circle marker and solid

line starting at about the 9.3 pH and at 1.0 along the x-axis.

DETAILED DESCRIPTION OF THE INVENTION

[00080] This application incorporates FIGS. 1-8 and all text from commonly owned prior

application 12/765,708, filed on April 22, 2010, and published as US 201 1/0104060, the full

disclosure of which is incorporated herein by reference. The description and FIGS. 1-8 below

provide three representative embodiments of catheters having microneedles suitable for the

delivery of a neuromodulating agent into a perivascular space or adventitial tissue. A more

complete description of the catheters and methods for their fabrication is provided in U.S. Pat.

Nos. 7,141,041; 6,547,803; 7,547,294; 7,666,163 and 7,691,080, the full disclosures of which

have been incorporated herein by reference.

[00081] As shown in FIGS. 1A-2B, a microfabricated intraluminal catheter 10 includes an

actuator 12 having an actuator body 12a and central longitudinal axis 12b. The actuator body

more or less forms a U-shaped or C-shaped outline having an opening or slit 12d extending

substantially along its length. A microneedle 14 is located within the actuator body, as discussed

in more detail below, when the actuator is in its unactuated condition (furled state) (FIG. IB).

The microneedle is moved outside the actuator body when the actuator is operated to be in its

actuated condition (unfurled state) (FIG. 2B).

[00082] The actuator may be capped at its proximal end 12e and distal end 12f by a lead end 16

and a tip end 18, respectively, of a therapeutic catheter 20. The catheter tip end serves as a



means of locating the actuator inside a body lumen by use of a radio opaque coatings or

markers. The catheter tip also forms a seal at the distal end 12f of the actuator. The lead end of

the catheter provides the necessary interconnects (fluidic, mechanical, electrical or optical) at the

proximal end 12e of the actuator.

[00083] Retaining rings 22a and 22b are located at the distal and proximal ends, respectively, of

the actuator. The catheter tip is joined to the retaining ring 22a, while the catheter lead is joined

to retaining ring 22b. The retaining rings are made of a thin, on the order of 10 to 100 microns

(µιη), substantially flexible but relatively non-distensible material, such as Parylene (types C, D

or N), or a metal, for example, aluminum, stainless steel, gold, titanium or tungsten. The

retaining rings form a flexible but relatively non-distensible substantially "U"-shaped or "C"-

shaped structure at each end of the actuator. The catheter may be joined to the retaining rings by,

for example, a butt-weld, an ultra sonic weld, integral polymer encapsulation or an adhesive

such as an epoxy or cyanoacrylate.

[00084] The actuator body further comprises a central, expandable section 24 located between

retaining rings 22a and 22b. The expandable section 24 includes an interior open area 26 for

rapid expansion when an activating fluid is supplied to that area. The central section 24 is made

of a thin, semi-flexible but relatively non-distensible or flexible but relatively non-distensible,

expandable material, such as a polymer, for instance, Parylene (types C, D or N), silicone,

polyurethane or polyimide. The central section 24, upon actuation, is expandable somewhat like

a balloon-device.

[00085] The central section is capable of withstanding pressures of up to about 200 psi upon

application of the activating fluid to the open area 26. The material from which the central

section is made of is flexible but relatively non-distensible or semi-flexible but relatively non-

distensible in that the central section returns substantially to its original configuration and

orientation (the unactuated condition) when the activating fluid is removed from the open area

26. Thus, in this sense, the central section is very much unlike a balloon which has no inherently

stable structure.

[00086] The open area 26 of the actuator is connected to a delivery conduit, tube or fluid

pathway 28 that extends from the catheter's lead end to the actuator's proximal end. The

activating fluid is supplied to the open area via the delivery tube. The delivery tube may be

constructed of Teflon© or other inert plastics. The activating fluid may be a saline solution or a

radio-opaque dye.

[00087] The microneedle 14 may be located approximately in the middle of the central section

24. However, as discussed below, this is not necessary, especially when multiple microneedles



are used. The microneedle is affixed to an exterior surface 24a of the central section. The

microneedle is affixed to the surface 24a by an adhesive, such as cyanoacrylate. Alternatively,

the microneedle maybe joined to the surface 24a by a metallic or polymer mesh-like structure 30

(See FIG. 2A), which is itself affixed to the surface 24a by an adhesive. The mesh-like structure

may be-made of, for instance, steel or nylon.

[00088] The microneedle includes a sharp tip 14a and a shaft 14b. The microneedle tip can

provide an insertion edge or point. The shaft 14b can be hollow and the tip can have an outlet

port 14c, permitting the injection of a neuromodulating agent or drug into a patient. The

microneedle, however, does not need to be hollow, as it may be configured like a neural probe to

accomplish other tasks. As shown, the microneedle extends approximately perpendicularly from

surface 24a. Thus, as described, the microneedle will move substantially perpendicularly to an

axis of a lumen into which has been inserted, to allow direct puncture or breach of body lumen

walls.

[00089] The microneedle further includes a neuromodulating agent or drug supply conduit, tube

or fluid pathway 14d which places the microneedle in fluid communication with the appropriate

fluid interconnect at the catheter lead end. This supply tube may be formed integrally with the

shaft 14b, or it may be formed as a separate piece that is later joined to the shaft by, for example,

an adhesive such as an epoxy. The microneedle 14 may be bonded to the supply tube with, for

example, an adhesive such as cyanoacrylate.

[00090] The needle 14 may be a 30-gauge, or smaller, steel needle. Alternatively, the

microneedle may be micro fabricated from polymers, other metals, metal alloys or

semiconductor materials. The needle, for example, may be made of Parylene, silicon or glass.

Microneedles and methods of fabrication are described in U.S. application Ser. No. 09/877,653,

filed Jun. 8, 2001, entitled "Microfabricated Surgical Device", the entire disclosure of which is

incorporated herein by reference.

[00091] The catheter 20, in use, is inserted through an opening in the body (e.g. for bronchial or

sinus treatment) or through a percutaneous puncture site (e.g. for artery or venous treatment) and

moved within a patient's body passageways 32, until a specific, targeted region 34 is reached

(see FIG. 3). The targeted region 34 may be the site of tissue damage or more usually will be

adjacent the sites typically being within 100 mm or less to allow migration of the therapeutic or

diagnostic agent. As is well known in catheter-based interventional procedures, the catheter 20

may follow a guide wire 36 that has previously been inserted into the patient. Optionally, the

catheter 20 may also follow the path of a previously-inserted guide catheter (not shown) that



encompasses the guide wire or endoscope that has been inserted into the body through a natural

orifice.

[00092] During maneuvering of the catheter 20, well-known methods of x-ray fluoroscopy or

magnetic resonance imaging (MRI) can be used to image the catheter and assist in positioning

the actuator 1 and the microneedle 14 at the target region. As the catheter is guided inside the

patient's body, the microneedle remains furled or held inside the actuator body so that no trauma

is caused to the body lumen walls.

[00093] After being positioned at the target region 34, movement of the catheter is terminated

and the activating fluid is supplied to the open area 26 of the actuator, causing the expandable

section 24 to rapidly unfurl, moving the microneedle 14 in a substantially perpendicular

direction, relative to the longitudinal central axis 12b of the actuator body 12a, to puncture a

body lumen wall 32a. It may take only between approximately 100 milliseconds and five

seconds for the microneedle to move from its furled state to its unfurled state.

[00094] The microneedle aperture, may be designed to enter body lumen tissue 32b as well as

the adventitia, media, or intima surrounding body lumens. Additionally, since the actuator is

"parked" or stopped prior to actuation, more precise placement and control over penetration of

the body lumen wall are obtained.

[00095] After actuation of the microneedle and delivery of the agents to the target region via

the microneedle, the activating fluid is exhausted from the open area 26 of the actuator, causing

the expandable section 24 to return to its original, furled state. This also causes the microneedle

to be withdrawn from the body lumen wall. The microneedle, being withdrawn, is once again

sheathed by the actuator.

[00096] Various microfabricated devices can be integrated into the needle, actuator and catheter

for metering flows, capturing samples of biological tissue, and measuring pH. The device 10, for

instance, could include electrical sensors for measuring the flow through the microneedle as well

as the pH of the neuromodulating agent being deployed. The device 10 could also include an

intravascular ultrasonic sensor (IVUS) for locating vessel walls, and fiber optics, as is well

known in the art, for viewing the target region. For such complete systems, high integrity

electrical, mechanical and fluid connections are provided to transfer power, energy, and

neuromodulating agents or biological agents with reliability.

[00097] By way of example, the microneedle may have an overall length of between about 200

and 3,000 microns (µ ι) . The interior cross-sectional dimension of the shaft 14b and supply tube

14d may be on the order of 20 to 250 µιη, while the tube's and shaft's exterior cross-sectional

dimension may be between about 100 and 500 µιη. The overall length of the actuator body may



be between about 5 and 50 millimeters (mm), while the exterior and interior cross-sectional

dimensions of the actuator body can be between about 0.4 and 4 mm, and 0.5 and 5 mm,

respectively. The gap or slit through which the central section of the actuator unfurls may have a

length of about 4-40 mm, and a cross-sectional dimension of about 50 µιη to 4 mm. The

diameter of the delivery tube for the activating fluid may be between 100 and 500 µιη. The

catheter size may be between 1.5 and 15 French (Fr).

[00098] Referring to FIGS. 4A-4D, an elastomeric component is integrated into the wall of the

intraluminal catheter of FIG. 1-3. In FIG. 4A-D, the progressive pressurization of such a

structure is displayed in order of increasing pressure. In FIG. 4A, the balloon is placed within a

body lumen L. The lumen wall W divides the lumen from periluminal tissue T, or adventitia A*,

depending on the anatomy of the particular lumen. The pressure is neutral, and the non-

distensible structure forms a U-shaped involuted balloon 12 similar to that in FIG. 1 in which a

needle 14 is sheathed. While a needle is displayed in this diagram, other working elements

including cutting blades, laser or fiber optic tips, radio frequency transmitters, or other structures

could be substituted for the needle. For all such structures, however, the elastomeric patch 400

will usually be disposed on the opposite side of the involuted balloon 12 from the needle 14.

[00099] Actuation of the balloon 12 occurs with positive pressurization. In FIG. 4B, pressure

(+∆Ρι ) is added, which begins to deform the flexible but relatively non-distensible structure,

causing the balloon involution to begin its reversal toward the lower energy state of a round

pressure vessel. At higher pressure +∆Ρ2 in FIG. 4C, the flexible but relatively non-distensible

balloon material has reached its rounded shape and the elastomeric patch has begun to stretch.

Finally, in FIG. 4D at still higher pressure +∆ Ρ 3, the elastomeric patch has stretched out to

accommodate the full lumen diameter, providing an opposing force to the needle tip and sliding

the needle through the lumen wall and into the adventitia A. Typical dimensions for the body

lumens contemplated in this figure are between 0 .1 mm and 50 mm, more often between 0.5 mm

and 20 mm, and most often between 1 mm and 10 mm. The thickness of the tissue between the

lumen and adventitia is typically between 0.001 mm and 5 mm, more often between 0.01 mm

and 2 mm and most often between 0.05 mm and 1 mm. The pressure +∆Ρ useful to cause

actuation of the balloon is typically in the range from 0.1 atmospheres to 20 atmospheres, more

typically in the range from 0.5 to 20 atmospheres, and often in the range from 1 to 10

atmospheres.

[000100] As illustrated in FIGS. 5A-5C, the dual modulus structure shown in FIGS. 4A-4D

provides for low-pressure (i.e., below pressures that may damage body tissues) actuation of an

intraluminal medical device to place working elements such as needles in contact with or



through lumen walls. By inflation of a constant pressure, and the elastomeric material will

conform to the lumen diameter to provide full apposition. Dual modulus balloon 1 is inflated to

a pressure +∆ Ρ 3 in three different lumen diameters in FIGS. 5A, 5B, and 5C for the

progressively larger inflation of patch 400 provides optimal apposition of the needle through the

vessel wall regardless of diameter. Thus, a variable diameter system is created in which the same

catheter may be employed in lumens throughout the body that are within a range of diameters.

This is useful because most medical products are limited to very tight constraints (typically

within 0.5 mm) in which lumens they may be used. A system as described in this invention may

accommodate several millimeters of variability in the luminal diameters for which they are

useful.

[000101] The above catheter designs and variations thereon, are described in published U.S. Pat.

Nos. 6,547,803; 6,860,867; 7,547,294; 7,666,163 and 7,691,080, the full disclosures of which

are incorporated herein by reference. Co-pending application Ser. No. 10/691,1 19, assigned to

the assignee of the present application, describes the ability of substances delivered by direct

injection into the adventitial and pericardial tissues of the heart to rapidly and evenly distribute

within the heart tissues, even to locations remote from the site of injection. The full disclosure of

that co-pending application is also incorporated herein by reference. An alternative needle

catheter design suitable for delivering the therapeutic or diagnostic agents of the present

invention will be described below. That particular catheter design is described and claimed in

U.S. Pat. No. 7,141,041, the full disclosure of which is incorporated herein by reference.

[000102] Referring now to FIG. 6, a needle injection catheter 310 constructed in accordance with

the principles of the present invention comprises a catheter body 312 having a distal end 314 and

a proximal 316. Usually, a guide wire lumen 313 will be provided in a distal nose 352 of the

catheter, although over-the-wire and embodiments which do not require guide wire placement

will also be within the scope of the present invention. A two-port hub 320 is attached to the

proximal end 316 of the catheter body 312 and includes a first port 322 for delivery of a

hydraulic fluid, e.g., using a syringe 324, and a second port 326 for delivering the

neuromodulating agent, e.g., using a syringe 328. A reciprocatable, deflectable needle 330 is

mounted near the distal end of the catheter body 312 and is shown in its laterally advanced

configuration in FIG. 6 .

[000103] Referring now to FIG. 7, the proximal end 314 of the catheter body 312 has a main

lumen 336 which holds the needle 330, a reciprocatable piston 338, and a hydraulic fluid

delivery tube 340. The piston 338 is mounted to slide over a rail 342 and is fixedly attached to

the needle 330. Thus, by delivering a pressurized hydraulic fluid through a lumen 341 tube 340



into a bellows structure 344, the piston 338 may be advanced axially toward the distal tip in

order to cause the needle to pass through a deflection path 350 formed in a catheter nose 352.

[000104] As can be seen in FIG. 8, the catheter 310 may be positioned in a blood vessel BV,

over a guide wire GW in a conventional manner. Distal advancement of the piston 338 causes

the needle 330 to advance into tissue T surrounding the lumen adjacent to the catheter when it is

present in the blood vessel. The therapeutic or diagnostic agents may then be introduced through

the port 326 using syringe 328 in order to introduce a plume P of agent in the cardiac tissue, as

illustrated in FIG. 8. The plume P will be within or adjacent to the region of tissue damage as

described above.

[000105] The needle 330 may extend the entire length of the catheter body 312 or, more usually,

will extend only partially into the therapeutic or diagnostic agents delivery lumen 337 in the tube

340. A proximal end of the needle can form a sliding seal with the lumen 337 to permit

pressurized delivery of the agent through the needle.

[000106] The needle 330 will be composed of an elastic material, typically an elastic or super

elastic metal, typically being nitinol or other super elastic metal. Alternatively, the needle 330

could be formed from a non-elastically deformable or malleable metal which is shaped as it

passes through a deflection path. The use of non-elastically deformable metals, however, is less

preferred since such metals will generally not retain their straightened configuration after they

pass through the deflection path.

[000107] The bellows structure 344 may be made by depositing by parylene or another

conformal polymer layer onto a mandrel and then dissolving the mandrel from within the

polymer shell structure. Alternatively, the bellows 344 could be made from an elastomeric

material to form a balloon structure. In a still further alternative, a spring structure can be

utilized in, on, or over the bellows in order to drive the bellows to a closed position in the

absence of pressurized hydraulic fluid therein.

[000108] After the therapeutic material is delivered through the needle 330, as shown in FIG. 8,

the needle is retracted and the catheter either repositioned for further agent delivery or

withdrawn. In some embodiments, the needle will be retracted simply by aspirating the

hydraulic fluid from the bellows 344. In other embodiments, needle retraction may be assisted

by a return spring, e.g., locked between a distal face of the piston 338 and a proximal wall of the

distal tip 352 (not shown) and/or by a pull wire attached to the piston and running through lumen

341.

[000109] The perivascular space is the potential space over the outer surface of a "vascular wall"

of either an artery or vein. Referring to FIG. 9, a typical arterial wall is shown in cross-section



where the endothelium E is the layer of the wall which is exposed to the blood vessel lumen L.

Underlying the endothelium is the basement membrane BM which in turn is surrounded by the

intima I . The intima, in turn, is surrounded by the internal elastic lamina IEL over which is

located the media M. In turn, the media is covered by the external elastic lamina (EEL) which

acts as the outer barrier separating the arterial wall, shown collectively as W, from the

adventitial layer A. Usually, the perivascular space will be considered anything lying beyond the

external elastic lamina EEL, including regions within the adventitia and beyond.

[000110] Turning now to FIG. lOA-C, the renal arterial location and structure are shown. In FIG.

10A, the aorta (Ao) is shown as the central artery of the body, with the right renal artery (RRA)

and left renal artery (LRA) branching from the aorta to lead blood into the kidneys. For example,

the right renal artery leads oxygenated blood into the right kidney (RK). In FIG. 10B, the nerves

(N) that lead from the aorta to the kidney are displayed. The nerves are shown to surround the

renal artery, running roughly parallel but along a somewhat tortuous and branching route from

the aorta to the kidney. The cross-section along line IOC- IOC of FIG. 10B is then shown in FIG.

IOC. As seen in this cross-sectional representation of a renal artery, the nerves (N) that lead from

aorta to kidney run through the arterial adventitia (A) and in close proximity but outside the

external elastic lamina (EEL). The entire arterial cross section is shown in this FIG. IOC, with

the lumen (L) surrounded by, from inside to outside, the endothelium (E), the intima (I), the

internal elastic lamina (IEL), the media (M), the external elastic lamina (EEL), and finally the

adventitia (A).

[000111] As illustrated in FIG. 11A-F, the methods of the present invention may be used to

place an injection or infusion catheter similar to those illustrated by FIGS. 1-5 into a vessel as

illustrated in FIG. IOC and to inject a plume (P) of neuromodulating agent into the adventitia

(A) such that the agent comes in contact with the nerves (N) that innervate the adventitia of the

renal artery. As can be seen in FIG. 11A, a catheter in the same state as FIG. 4A, wherein an

actuator is shielding a needle so that the actuator can be navigated through the vessels of the

body without scraping the needle against the vessel walls and causing injury, is inserted into an

artery that has a media (M), an adventitia (A), and nerves (N) within the adventitia and just

outside the media. A cross-section along line 1lD-1 ID from FIG. 11A is shown in FIG. 1ID. It

can be seen from this cross section that a therapeutic instrument comprised similarly to those in

FIGS. 1-3, with an actuator (12) attached to a catheter (20) and a needle (14) disposed within the

actuator.

[000112] Turning to FIGS. 1IB and 1IE, we see the same system as that in FIGS. 11A and 1ID,

again where FIG. 1IE is a view of the cross-section along line 1lE-1 IE from FIG. 1IB. In



FIGS. 1IB and 1IE, however, the actuator that has been filled with a fluid, causing the actuator

to unfurl and expand, and the needle aperture to penetrate the media and into the adventitia

where nerves are located. After the needle penetrates to the adventitia, a plume (P) that consists

of either diagnostic agent such as radio-opaque contrast medium or neuromodulatmg agent such

as guanethidine or a combination of the diagnostic and therapeutic agents is delivered beyond

the EEL and into the adventitia. The plume (P) begins to migrate circumferentially and

longitudinally within the adventitia and begins to come into contact with the nerve fibers that

run through the adventitia. At this point, the physician may begin to notice the therapeutic

effects. Usually, the plume P that is used to diagnose the presence of the injection and the

location of the injection is in the range from 10 to 100 µΐ , more often around 50 µΐ . The plume

will usually indicate one of four outcomes: (1) that the needle has penetrated into the adventitia

and the plume begins to diffuse in a smooth pattern around and along the outside of the vessel,

(2) that the plume follows the track of a sidebranch artery, in which case the needle aperture has

been located into the sidebranch rather than in the adventitia, (3) that the plume follows the track

of the artery in which the catheter is located, indicating that the needle has not penetrated the

vessel wall and fluid is escaping back into the main vessel lumen, or (4) that a tightly constricted

plume is forming and not diffusing longitudinally or cyndrically around the vessel, indicating

that the needle aperture is located inward from the EEL and inside the media or intima. The

plume is therefore useful to the operating physician to determine the appropriateness of

continued injection versus deflation and repositioning of the actuator at a new treatment site.

[000113] In FIGS. 11C and 1IF, where FIG. 1IF is a cross-sectional view across the line 11F-

1IF from FIG. 11C, one can see that after the plume is used to diagnose the appropriate tissue

location of injection, further injection can be performed to surround the vessel with the

neuromodulatmg agent. The extent of the final plume P* is usually fully circumferential around

the artery and usually travels longitudinally by at least 1 cm when the injection volume is

between 300 µΐ and 3 mL. In many cases, less than these volumes may be required in order to

observe a therapeutic benefit to the patient's hypertension. In some embodiments, more or less

than this volume is used to achieve the final therapeutic benefit desired. In some embodiments

the total amount of neuromodulatmg agent per artery is from 2 µg to 750mg. In some

embodiments the total amount of neuromodulatmg agent per artery is from 10 µg to 500mg. In

some embodiments the total amount of neuromodulatmg agent per artery is from 10 µg to

200mg. In some embodiments the total amount of neuromodulatmg agent per artery is from 100

µg to 200mg. In some embodiments the total amount of neuromodulatmg agent per artery is

from 500 µg to 200mg. In some embodiments the total amount of neuromodulatmg agent per



artery is from 500 µg to 200mg. In some embodiments the total amount of neuromodulating

agent per artery is from lmg to 200mg. In some embodiments the total amount of

neuromodulating agent per artery is from lmg to lOOmg. In some embodiments the total

amount of neuromodulating agent per artery is from about 10 mg to about 100 mg. In some

embodiments the total amount of neuromodulating agent per artery is from about 20 mg to about

80 mg. In some embodiments the total amount of neuromodulating agent per artery is from

about 40 mg to about 80 mg. In some embodiments the total amount of neuromodulating agent

per artery is from about 45 mg to about 75 mg. In some embodiments the total amount of

neuromodulating agent per artery is from about 50 mg to about 60 mg. As used herein, the term

"about" when used in reference to the total amount of agent delivered means variations of +/-

5%, +/-10%, +/- 15%, +/- 25%, +/- 50%, +/- 0.5 µg , +/- 1 µg, +/- 10 µ , +/- 50 µ +/- 1 mg, +/-

3 mg, or +/- 5 mg, depending on the amount delivered.

[000114] In some embodiments from about 2 mL to about 8 mL of a solution of

neuromodulating agent, such as guanethidine, is delivered per artery at a concentration of from

about 5 mg/mL to about 15 mg/mL. At this point, the neuromodulating agent has penetrated the

nerves around the entire artery, blocking the transmission of nerve signals and thereby creating

chemical, neuromodulating, or biological denervation. As used herein, the term "about" when

used in reference to the total volume of agent delivered means variations of +/- 5%>, +/-10%>, +/-

15%, +/- 25%, +/- 50%, +/- 0.5 mL, +/- 1 mL, or +/- 2 mL. As used herein, the term "about"

when used in reference to the concentration of agent delivered means variations of +/- 1%, +/-

5%, +/-10%, +/- 15%, +/- 25%, or +/- 50%,

[000115] Provided herein are compositions, methods, devices, and systems that generate this

effect by local administration of the pharmaceutical agent guanethidine monosulfate which is

also known as 2-(Octahydro-l-azocinyl)ethyl guanidine sulphate; Heptamethylenimine, l-(2-

guanidinoethyl)-; N-(2-Perhydroazocin-l-ylethyl)guanidine; Azocine, l-((2-

(aminoiminomethyl)amino)ethyl)octahydro-; (2-(Hexahydro-(2H)-azocin- 1-

yl)ethyl)guanidinium sulphate; Azocine, l-(2-guanidinoethyl)octahydro-; Guanidine, [2-

(hexahydro-l(2H)-azocinyl)- ethyl]-, sulfate ( 1:l);2-[2-(azocan-l-yl)ethyl]guanidine; Abapresin;

Oktadin; Dopom; N-(2-Guanidino ethyl)heptamethylenimine sulfate; Eutensol; Esimil;

Dopam;2-(l-N,N-Heptamethyleneimino)ethylguanidine; Guanidine, (2-(hexahydro-l(2H)-

azocinyl)ethyl)-, sulfate (1:1); Guanethidinum [INN-Latin]; Oktatenzin; Oktatensin;

Ismelin(TM); Guanidine, (2-(hexahydro-l(2H)-azocinyl)ethyl)-; Guanetidina [INN-Spanish];

Octatensine; (2-(Hexahydro-l(2H)-azocinyl)ethyl) guanidine hydrogen sulfate; Sanotensin; 2-

[2-(azocan-l-yl)ethyl]guanidine; sulfuric acid; 2-(l-Azacyclooctyl)ethylguanidine; Ismelin



sulfate; Guanethidine sulfate; (2-(Octahydro-l-azocinyl)ethyl)guanidine; Ismelin; or (2-

(Hexahydro-l(2H)-azocinyl)ethyl)guanidine sulfate (1:1), with the chemical formula

CioH2 2N4 H 20 4S and molecular structure displayed in Fig. 16. Provided herein are

compositions, methods, devices, and systems that generate this effect by local administration of

the pharmaceutical agent guanethidine hemisulfate.

[000116] The present invention relates generally to pharmaceutical preparations, systems

including medical devices and diagnostic or therapeutic agents, and methods to treat disease.

More particularly, an embodiment of the present invention relates to modification of local tissue

environment to modulate the therapeutic index of locally or systemically delivered therapeutic or

diagnostic agents. Even more particularly, an embodiment of the present invention relates to

improved ability to reduce sympathetic nerve activity in the adventitia and perivascular tissues

around arteries and veins in the body.

[000117] A particular aspect of the present invention is the ability to modulate the local tissue

environment around a renal artery to enable more effective denervation with pharmaceutical

agents in order to treat hypertension, heart failure, sleep apnea, insulin resistance, or

inflammation.

[000118] Provided herein are methods, systems and compositions for the practice of inventions

described in U.S. Patent Application Numbers 12/765,708 and 12/765,720, the full disclosures

of which are incorporated by reference.

[000119] A method for improving pharmaceutical therapy is presented herein. In general,

embodiments of the methods include improvements in drug therapeutic index with the

modulation of physiologic tissue conditions. In particular, embodiments of the methods

comprise modulation of pH in local tissues with local drug or buffer delivery in order to enhance

the therapeutic index of agents delivered into tissues or in order to have direct therapeutic effect

by virtue of modulating tissue pH locally. This effect may be based upon the ability for agents to

cross cell membranes more effectively at a higher or lower pH depending on the protonation of

the agent's molecular structure and the cell's increased or decreased affinity for the protonated

or unprotonated moiety.

[000120] Provided herein are methods including specific improvements to guanethidine

neurodegeneration in conditions of elevated pH and the methods with which to create such

conditions. These methods are particularly useful in the degeneration of the renal nerves located

in the adventitia and perivascular tissue surrounding the renal arteries. These nerves are seminal

to the initiation and maintenance of the hypertensive state and the denervation of the renal

arteries has shown beneficial effect with respect to reductions in blood pressure, improvements



in heart failure, reductions in insulin resistance and sleep apnea, and even speculated

improvements in vascular inflammatory diseases.

[000121] Guanethidine in vitro studies have described cell culture conditions by which

guanethidine monosulfate has been cytotoxic to harvested and cultured rat superior cervical

ganglia neurons. (Johnson EM and Aloe L. Suppression of the in vitro and in vivo cytotoxic

effects of guanethidine in sympathetic neurons by nerve growthfactor, Brain Research

1974;81:519-532; Wakshull E, Johnson MI, Burton H. Persistence of an amine uptake system in

cultured rat sympathetic neurons which use acetylcholine as their transmitter, J . Cell Biology

1978;79:121-131). The experiments by Johnson, Wakshull and others found that guanethidine

has weak cytotoxic activity at pH of 7.0 to 7.2 and strong cytotoxic activity at pH of 8.0 when

exposed to 100 µΜ concentrations of guanethidine for 40 to 48 hours.

[000122] In-vivo testing of guanethidine ' s neuronal cytotoxicity has shown that perivascular

injection of guanethidine hemisulfate in concentrations of 8.3 mg/mL and pH of 8.5 to 9.5

produces a renal denervation in pigs, while perivascular injection of 8.3 mg/mL guanethidine

monosulfate at pH of 5.5 to 6.5 does not produce the same denervation.

[000123] With injection into the perivascular and adventitial space, injectable agents are tracked

by the methods described in U.S. Patent 7,744,584, incorporated herein by reference, and agents

are preferably injected by catheters similar to those described in U.S. Patent 7,691,080,

incorporated herein by reference. It is recognized, however, that other catheters or needles could

be used to inject agents locally within tissues to accomplish similar effects to those described

herein.

[000124] Provided herein are compositions, devices, systems, and methods that locally modulate

of physiologic pH by injection or other means (it is known, for example, that in the presence of

electrical signals or certain metallic substances, for example, local pH can be modulated). In

some embodiments, the method comprises injecting a composition that exists at pH around 9

into the tissues surrounding nerves that are the target of denervation, during, before, or after the

delivery of the therapeutic agent guanethidine monosulfate. The injection or infusion of this

composition into the tissue surrounding renal arteries (see FIG. 11 below) displaces interstitial

fluids that have neutral physiologic pH of around 7.3 to 7.4.

[000125] Other methods of the current invention involve the modulation of local tonicity or

osmolarity to achieve enhanced cellular uptake of pharmaceutical agents in formulation with or

delivered before or after the agents that modulate local tonicity or osmolarity. For example,

delivery of a hypertonic saline causes, through osmosis, the release of liquid by cells. Similarly,

delivery of hypotonic solutions can cause cells to swell while they take up additional liquid from



their surroundings. Agents instilled into the interestium around cells can potentially have

improved uptake depending on the local tissue tonicity. This behavior varies from one

therapeutic agent to the next, due to ability for agents to bind membrane receptor proteins or

enter cells through channels or pores.

[000126] Additional methods of the current invention do not involve application of therapeutic

agents in concert with local modification of tissue physiology, but rely directly on the local

modulation to accomplish therapeutic goals. For example, hypertonic saline, detergents, solvents

such as ethanol, strong acids and strong bases can each lead to cell damage, alteration or

destruction with the local modulation of physiology. The delivery of these agents by the

methods described in this invention are also useful for accomplishing goals set out here such as

localized nerve destruction. Modulation of pH in solutions can be accomplished with alkaline or

acidic buffer agents. Buffer agents include but are not limited to sodium hydroxide, sodium

bicarbonate, magnesium hydroxide, sulfuric acid, hydrochloric acid, citric acid, acetic acid,

sodium citrate, sodium acetate, boric acid, potassium dihydrogen phosphate, diethyl barbituric

acid, 3-{[tris(hydroxymethyl)methyl] amino}propanesulfonic acid, N,N-bis(2-

hydroxyethyl)glycine, tris(hydroxymethyl)aminomethane, N-tris(hydroxymethyl)methylglycine,

2-[Bis(2-hydroxyethyl)amino]-2-(hydroxymethyl)- 1,3-propanediol, 3-[N-

Tris(hydroxymethyl)methylamino]-2-hydroxypropanesulfonic acid, 4-2-hydroxyethyl- 1-

piperazineethanesulfonic acid, 2-{[tris(hydroxymethyl)methyl]amino}ethanesulfonic acid, 3-(N-

morpholino)propanesulfonic acid, piperazine-N,N'-bis(2-ethanesulfonic acid), dimethylarsinic

acid, saline sodium citrate, 2-(N-morpholino)ethanesulfonic acid, or glycine.

[000127] In yet another aspect to this invention, a novel composition is described. In improving

the performance of guanethidine in local tissue delivery, a pH adjustment may be required.

Compositions of the present invention include the formulation of guanethidine in concentrations

ranging from 1 µg/mL to 50 mg/mL at pH of greater than 7 . In particular aspects of this

invention, concentration of a formulation is between 1 and 30 mg/mL, sodium chloride content

is between 0.7% and 0.9%, though greater or lesser concentrations may also be used, and pH is

adjusted to about 9.5 but at least between 8 and 11 by buffering with an alkaline buffer such as

sodium hydroxide or other buffers described above, until the desirable pH is reached and can be

maintained over time.

[000128] In addition to the agents described in U.S. Pat. Application No. 10/765,720, additional

agents are useful when delivered with the methods presented in 10/765,720 as well as in this

invention. These agents include toxins entering cells through sodium channels, including

tetrodotoxin and batrachotoxin, toxins entering cells through potassium channels, including



maurotoxin, agitoxin, charybdotoxin, margatoxin, slotoxin, sycllatoxin and hefutoxin, and toxins

entering cells through calcium channels, including calciseptine, taicatoxin, calcicludine and

PhTx3.

[000129] Other agents that benefit from the methods described here and in referenced patent

applications include adrenergic blockers and stimulators (e.g., doxazosin,

guanadrel, guanethidine, pheoxybenzamine, prazosin plus polythiazide, terazosin, methyldopa,

clonidine, guanabenz, guanfacine); Alpha-/beta-adrenergic blockers (e.g., Labetalol);

angiotensin converting enzyme (ACE) inhibitors (e.g., benazepril, catopril, enalapril, enalaprilat,

fosinopril, lisinopril, moexipril, quinapril, ramipril, and combinations with calcium channel

blockers and diuretics; ACE-receptor antagonists (e.g., losartan); Beta blockers (e.g., acebutolol,

atenolol, betaxolol, bisoprolol, carteolol, esmolol, fimolol, pindolol, propranolol, penbatolol,

metoprolol, nadolol, sotalol); Calcium channel blockers (e.g., Amiloride, amlodipine, bepridil,

diltiazem, isradipine, nifedipine, verapamil, felodipine, nicardipine, nimodipine);

Antiarrythmics, groups I-IV (e.g., bretylium, disopyramide, encainide, flecainide, lidocaine,

mexiletine, moricizine, propafenone, procainamide, quinidine, tocainide, esmolol, propranolol,

acebutolol, amiodarone, sotalol, verapamil, diltiazem, pindolol, bupranolol hydrochloride,

trichlormethiazide, furosemide, prazosin hydrochloride, metoprolol tartrate, carteolol

hydrochloride, oxprenolol hydrochloride, and propranolol hydrochloride); and miscellaneous

antiarrythmics and cardiotonics (e.g., adenosine, digoxin; metildigoxin, caffeine, dopamine

hydrochloride, dobutamine hydrochloride, octopamine hydrochloride, diprophylline,

ubidecarenon, digitalis), and sensory denervation agents including capsaicin.

[000130] Other agents have been shown to create partial or complete sympathectomy as well,

and may be used as the therapeutic agent as described herein. These include an

immunosympathectomy agent such as anti-nerve growth factor (anti-NGF); auto-immune

sympathectomy agents such as anti-dopamine beta-hydroxylase (anti-D.beta.H) and anti-

acetylcholinesterase (anti-AChe); chemical sympathectomy agents such as 6-hydroxyldopamine

(6-OHDA), bretylium tosylate, guanacline, and N-(2-chloroethyl)-N-ethyl-2-bromobenzylamine

(DSP4); and immunotoxin sympathectomy agents such as OX7-SAP, 192-SAP, anti-dopamine

beta-hydroxylase saporin (DBH-SAP), and anti-dopamine beta-hydroxylase immunotoxin

(DHIT). A full description of these agents is found in Picklo M J, J AutonomNerv Sys 1997;

62:1 11-125. Phenol and ethanol have also been used to produce chemical sympathectomy and

are also useful in the methods of this invention. Other sympatholytic agents include alphas-

agonists such as clonidine, guanfacine, methyldopa, guanidine derivatives like betanidine,

guanethidine, guanoxan, debrisoquine, guanoclor, guanazodine, guanoxabenz and the like;



imadazoline receptor agonists such as moxonidine, relmenidine and the like; ganglion-blocking

or nicotinic antagonists such as mecamylamine, trimethaphan and the like; MAOI inhibitors

such as pargyline and the like; adrenergic uptake inhibitors such as rescinnamine, reserpine and

the like; tyrosine hydroxylase inhibitors such as metirosine and the like; alpha- 1 blockers such

as prazosin, indoramin, trimazosin, doxazosin, urapidil and the like; non-selective alpha blockers

such as phentolamine and the like; serotonin antagonists such as ketanserin and the like; and

endothelin antagonists such as bosentan, ambrisentan, sitaxentan, and the like.

[000131] Additionally, agents that sclerose nerves can be used to create neurolysis or

sympatholysis. Sclerosing agents that lead to the perivascular lesioning of nerves include

quinacrine, chloroquine, sodium tetradecyl sulfate, ethanolamine oleate, sodium morrhuate,

polidocanol, phenol, ethanol, or hypertonic solutions.

[000132] In FIG. 12, a catheter that can be used to accomplish the methods of this invention is

displayed. On the right side of FIG. 12, the catheter is shown in photographs in its sheathed

configuration (top) with a microneedle held within a sheathing envelope of the catheter. The

catheter is introduced into the artery while deflated and the needle is sheathed within a balloon.

The balloon walls sheath the needle (microneedle) and protect the artery wall during

introduction or removal of the device. When the catheter balloon is inflated, the microneedle is

pushed out from the sheathing envelope and can be deployed through a vessel wall, as is shown

on the left side of FIG. 12 in cross-section. The figures on the left side in FIG. 12 show the cross

sectional balloon profile as it sheaths the needle (top left) and during inflation to push the needle

into the artery wall (bottom left). The needle is extruded outward when the balloon is inflated,

generally perpendicular to the long axis of the catheter (i.e. generally perpendicular to the axis

along the catheter's length). The image on the right side of FIG. 12 (bottom) shows the

expanded catheter, with the needle deployed and a backing balloon that provides an opposing

force to slide the needle into the wall (for example, a bronchial or other lumen wall, such as an

artery wall). In the case of denervation, particularly renal denervation, the ideal location for

delivery of therapeutic agents is beyond the external elastic lamina, since the renal nerves lie

within the adventitia and perivascular tissue.

[000133] Moving now to FIG. 13, a similar cross-section of vessel is seen as in FIGS. 11 and 12.

A microneedle such as that described above is deployed through the wall of a vessel such as a

renal artery or renal vein. Of course, the renal artery or vein adventitia and perivascular space

could be reached via other percutaneous means, but not as precisely as with a catheter as

described herein. Regardless of how the adventitia and perivascular tissues are accessed, a

therapeutic agent may be delivered in concert with, before or after the delivery of a medium that



affects the local tissue physiology. A particular embodiment of the methods described here

involves the injection of a high-pH solution, with pH in the range of 8 to 10, or with pH in the

range of 7 to 13, or with a pH of about 8 to about 10, or with a pH of about 8.5 to about 9.5, or

with a pH of about 8.3, or with a pH of about 9.3, into the perivascular space along with the

denervating agent, guanethidine. Guanethidine is preferably delivered in aqueous form as its

salt, guanethidine monosulfate. In some embodiments, the guanethidine is delivered in aqueous

form as guanethidine hemisulfate. The composition delivered in this embodiment preferably

contains approximately 10 mg/rnL guanethidine monosulfate, but may contain within the range

of 1 mg/mL and 30 mg/mL, or even within the range of 1 µg/mL to 50 mg/rnL. The composition

further contains sodium chloride preferably in the range of 0.7% to 0.9%, but could contain

anywhere from 0% to 3% sodium chloride. Furthermore, the composition preferably has a pH of

8 to 10, or any of the other pH ranges noted herein above about the pH of 7, and may also

contain a radio-opaque contrast medium such as Omnipaque, Visipaque, or Isovue (though other

well-known contrast agents could also be used in the composition). As used herein, the term

"about" when referring to a pH means +/-0.5 pH, +/-0.3 pH, +/-0.2 pH, or +/-0. 1 pH.

[000134] In FIGS. 13 and 14, the dashed lines represent consistent levels of drug concentration

or consistent levels of tissue pH. As an agent is delivered in tissue, the concentration of the agent

decreases from the point at which it is being delivered to a point far from the delivery location.

Thus, the concentration is higher at the infusion site and lower at a point several centimeters

from the infusion site, for example if several milliliters are being infused. Similarly, in the case

that an alkaline composition is delivered through the needle, the local tissue pH is higher at the

infusion site and drops toward a neutral pH of 7.0 to 7.3 in more distant tissue. The dashed lines

in FIGS. 13 and 14 can also represent a consistent tissue pH, with the lines further from the

injection site nearing neutrality and the lines closer to the injection site representing elevated pH.

[000135] Turning now to FIG. 15, a series of two plots are displayed at times T l and T2, where

T2 is some time greater than T l . At time Tl following injection of the therapeutic agent at a

normalized concentration of 1.0 (for example, 100 µg/mL) and pH of 10, the agent concentration

declines toward zero with distance from the injection site and the pH of the local tissue declines

toward neutral pH with distance from the injection site. For the purposes of illustration, an

effective concentration of at least 0.25 (for example, 25 µg/mL) in an area of tissue that has pH

greater than 8 defines the therapeutic zone. As can be seen in the illustration plots of FIG 15,

this therapeutic zone changes with time, since the local concentration drops and the distant

concentration rises as drug distributes away from the injection site; while pH slowly approaches

neutral pH as physiologic drainage and replacement of interstitial fluids neutralizes the tissue.



As an example, in the case of guanethidine, a concentration of 20-30 µg/mL at pH 8 is effective

in destroying nerves, but at pH 7, nerves are maintained even at concentrations of 100 µg/mL.

This is most likely due to an enhanced ability for guanethidine to enter nerves when it is

unprotonated as compared to its protonated state. Thus, nerves in the therapeutic zone (where

guanethidine is in an alkaline environment and is more likely to be unprotonated or singly

protonated) are destroyed while nerves outside of the therapeutic zone (where guanethidine is in

a more neutral environment and is more likely to be singly or doubly pronated) are maintained.

Furthermore, other tissues in the therapeutic zone are not sacrificed, since guanethidine

specifically targets nerves and the pH is not great enough to cause caustic effects to the other

tissues.

[000136] Provided herein is a method for enhancing the uptake of therapeutic agents into tissue

comprising modulating pH of the tissue by creating a zone of the tissue having a center and an

outer edge, wherein the zone comprises a modulated pH as compared to a pre-modulation pH of

the tissue prior to modulation or as compared to a neutral pH, wherein zone comprises a gradient

of pH that is most modulated at the center of the zone and reduces to the pre-modulation pH of

the tissue or to neutral pH at the outer edge of the zone, and wherein enhanced uptake of a

therapeutic agent occurs in the zone as compared to uptake that would occur into tissue at the

pre-modulation pH or at neutral pH. In some embodiments, the zone comprises a therapeutic

zone. In some embodiments a portion of the zone is the therapeutic zone as shown in FIG. 15.

Such a method is depicted in FIGs. 13-15, as described herein.

[000137] Provided herein is a method for enhancing the uptake of therapeutic agents into tissue

comprising - modulating pH of the tissue by creating a zone of the tissue having a center and an

outer edge, and - delivering a therapeutic agent into the zone; wherein the zone comprises a

modulated pH as compared to a pre-modulation pH of the tissue prior to modulation or as

compared to a neutral pH, wherein zone comprises a gradient of pH that is most modulated at

the center of the zone and reduces to the pre-modulation pH of the tissue or to neutral pH at the

outer edge of the zone, wherein enhanced uptake of the therapeutic agent occurs in the zone as

compared to uptake that would occur into tissue at the pre-modulation pH or at neutral pH. In

some embodiments, the zone comprises a therapeutic zone. In some embodiments a portion of

the zone is the therapeutic zone as shown in FIG. 15. Such a method is depicted in FIGs. 13-15,

as described herein.

[000138] In some embodiments, the method comprises delivering the therapeutic agent into the

zone. In some embodiments, the therapeutic agent is delivered systemically and modulating the



tissue pH enhances a buildup of the therapeutic agent in the zone or improves a therapeutic

index in the zone.

[000139] In some embodiments, the enhanced uptake occurs within a portion of the zone having

the modulated pH that is modulated from the pre-modulation pH by a preselected amount. In

some embodiments, the enhanced uptake occurs within a portion of the zone having the

modulated pH that is modulated from a neutral pH by a preselected amount. In some

embodiments, the portion of the zone is the therapeutic zone, as shown in FIG. 15 and

descriptions thereof. In some embodiments, the preselected amount is a difference of pH

between the modulated pH and the pre-modulation pH or between the modulated pH and the

neutral pH of one or more of: 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, -0.5, -1.0, -1.5, -2.0, -2.5, -

3.0, -3.5,- 4.0,- 4.5, from 0.5 to 5.0, from 1.5 to 4.5, from 2.0 to 4.0, about 0.5, , from -0.5 to -

5.0, from -1.5 to -4.5, from -2.0 to -4.0, about 0.5, about 1.0, about 1.5, about 2.0, about 2.5,

about 3.0, about 3.5, about 4.0, about 4.5, about -0.5, about -1.0, about -1.5, about -2.0, about -

2.5, about -3.0, about -3.5, about - 4.0, and about - 4.5. In some embodiments, the modulated pH

is a pH that is lower than the tissue outside the zone that is higher than the tissue outside the

zone, that is lower than the pH of the tissue prior to modulation, or that is higher than the pH of

the tissue prior to modulation. In some embodiments, the modulated pH is more acidic than the

pH of tissue outside the zone, or is more alkaline than the pH of tissue outside the zone. The

method of Claim 42, wherein the modulated pH at least 7, at most 11, at least 7 and at most 11,

at least 8 and at most 10, or a predetermined pH that is effective to denervate nerves to which

such therapeutic agent is delivered. In some embodiments, the therapeutic agent comprises

guanethidine. In some embodiments, the guanethidine includes monosulfate or hemisulfate. In

some embodiments, the modulated pH at least 7, at most 11, at least 7 and at most 11, at least 8

and at most 10, or a predetermined pH that is effective to denervate nerves to which such

therapeutic agent is delivered.

[000140] Another point of the preceding paragraph illustrates an important aspect of this

invention: that by modulating the local physiology (pH) and delivering a therapeutic agent

(guanethidine), a specific effect can be localized to the borders to which the tissue modulation

and drug concentration are effective. As is the case with guanethidine denervation of renal

arteries for the treatment of hypertension, it is desirable to create a localized and focused

denervation of the nerves that surround the renal artery, without affecting distant nerves such as

those leading to the mesenteric, hepatic, or other systems in the body. This remains true even

though the drug eventually distributes through the bloodstream and urinary system, reaching

distant tissues, because the drug does not cause permanent nerve destruction at physiologic pH.



Thus, with the novel compositions and novel methods described here, permanent effects can be

focused to the local tissue of interest without the complication of far-field effects.

[000141] Provided herein is a method of priming tissue surrounding a nerve by adjusting the pH

to enhance the effectiveness of a denervation composition or therapeutic agent delivered to said

nerve or delivered to said tissue surrounding such nerve. Provided herein is a method of

adjusting the pH of tissue surrounding a nerve in order to enhance the effectiveness of a

denervation composition or therapeutic agent delivered to said nerve or delivered to said tissue

surrounding such nerve. In some embodiments, the pH of the tissue is adjusted to be alkaline. In

some embodiments, the pH of the tissue is adjusted to be acidic. In some embodiments, the pH

of the tissue is adjusted to be neutral pH. There are multiple ways such pH of the tissue can be

adjusted, any of which are intended to be covered herein, and of which several examples are

discussed in more detail herein without intention to limit coverage to such examples.

[000142] AGENT DELIVERY, MODULATOR DELIVERY (ANY ORDER): Provided

herein is a method of delivering a therapeutic agent to a subject that locally denervates nerves

comprising delivering the therapeutic agent to the subject and delivering a modulator or

composition that is effective to modulate the local pH of the tissue surrounding the nerves that

are the target of denervation. The delivery of the therapeutic agent and/or of the modulator or

composition may be transluminal using one or more device as described herein, for example.

Such delivery of said composition may be during, before, or after the delivery of the agent. The

therapeutic agent may be guanethidine, or another therapeutic agent noted herein. The

modulation may change the pH of the tissue to at least 7, to between 7 and 11, or between 8 and

10, or to between 8.5 and 9.5, for non-limiting example. In some embodiments, the modulator is

a buffer or a buffer agent. In some embodiment the composition comprises a buffer or a buffer

agent. In some embodiments, delivering the therapeutic agent and delivering the modulator or

composition is done simultaneously, concurrently, or sequentially, using the same injection

devices or using separate injection devices.

[000143] MODULATOR DELIVERY ALONE In another embodiment, the method comprises

delivery of a composition that locally modulates the pH of the tissue surrounding the nerves that

are the target of denervation without the need for a therapeutic agent. In such an embodiment,

the composition itself achieves the therapeutic goal of denervating the target nerves.

[000144] BUFFERED AGENT DELIVERY In another embodiment, the method comprises

delivery of a composition that has been pH-modulated prior to delivery to the tissue surrounding

the nerve. Such composition may comprise a pH modulator and the therapeutic agent. In some

embodiments, a composition comprises a therapeutic agent and a pH modulator. In some



embodiments, a composition comprises a therapeutic agent at a pH of at least 7, between 7 and

11, between 8 and 10, or between 8.5 and 9.5, for non-limiting example. In some embodiments

an aqueous solution comprising the therapeutic agent alone (without the modulator) is more

acidic than the composition comprising the aqueous solution of therapeutic agent and the

modulator. In some embodiments an aqueous solution comprising the therapeutic agent alone

(without the modulator) is more alkaline than the composition comprising the aqueous solution

of therapeutic agent and the modulator. The pH modulator may be a buffer, an alkaline buffer,

such as NaOH, or another buffer that adjusts the composition to a target pH, to at least 7, to

between 7 and 11, to between 8 and 10, or to between 8.5 and 9.5, for non-limiting example.

The pH modulator may be an acid, an acidic agent, or a salt of an acid or acidic agent. In such

embodiment, the composition comprises a therapeutic agent and a pH modulator that modulates

the pH of the composition to at least 7, to between 7 and 11, to between 8 and 10, or to between

8.5 and 9.5, for non-limiting example. Such composition may be delivered to the tissue

surrounding the nerves that are the target of denervation. A single injection of said composition,

in some embodiments, may be effective in denervating the target nerve or nerves. In some

embodiments, the therapeutic agent comprises guanethidine, guanethidine monosulfate, or

guanethidine hemisulfate, or any agent (i.e. therapeutic agent) noted elsewhere herein. In some

embodiments, the modulator is a buffer or a buffer agent. In some embodiments the buffer

comprises sodium hydroxide.

[000145] GUANETHIDINE HEMISULFATE AGENT DELIVERY In some embodiments,

the method comprises delivery of a composition comprising a therapeutic agent in an aqueous

solution having a pH that is alkaline. In some embodiments, the method comprises delivery of a

composition comprising a therapeutic agent in an aqueous solution having a pH that is acidic. In

such embodiments, a pH modulator is not necessary to achieve the pH that enhances the

effectiveness of the therapeutic agent in denervating a nerve in the tissue to which the

composition is delivered. Such a composition may comprise a therapeutic agent in an aqueous

solution having a pH of at least 7, between 7 and 11, between 8 and 10, or between 8.5 and 9.5,

for non-limiting example.

[000146] Provided herein is a composition comprising a guanidine with pH>8. In some

embodiments, the guanidine is guanethidine. In some embodiments, the guanethidine includes

monosulfate. In some embodiments, the guanethidine includes hemisulfate in a solution

configured for denervation. In some embodiments, the guanethidine includes hemisulfate in a

solution suitable for denervation. In some embodiments, the pH>9. In some embodiments, the

pH>10.



[000147] In some embodiments, the composition further comprises an alkaline buffer. In some

embodiments, the alkaline buffer comprises NaOH. In some embodiments, the alkaline buffer

comprises NaOH in a molar ratio to the guanidine concentration of 50% or greater. In some

embodiments, the alkaline buffer comprises NaOH in an equimolar or greater concentration to

the guanidine.

[000148] In some embodiments, the composition further comprises a contrast medium. In some

embodiments, the composition further comprises sodium chloride. In some embodiments, the

sodium chloride is 0.7% to 0.9%> of the solution. In some embodiments, the guanethidine

monosulfate is in concentration of 0.1 mg/mL to 50 mg/mL. In some embodiments, the

guanethidine monosulfate is in concentration of 1 mg/mL to 20 mg/mL.

[000149] Provided herein is a method for modulating local tissue physiology comprising the

delivery of preparation comprising a liquid, gel, or semisolid into the tissue. In some

embodiments, the preparation buffers the local tissue physiology by raising or lowering the pH

of the local tissue. In some embodiments, the preparation comprises a therapeutic agent that has

its index effect at a physiological condition modulated by the delivery of such preparation, but

not having an index effect at neutral physiological condition. In some embodiments, the

preparation further includes a therapeutic agent that has additional or enhanced index effect at a

physiological condition modulated by the delivery of such preparation, but not having such

additional or enhanced index effect at neutral physiological condition. In some embodiments,

the therapeutic agent is delivered systemically and the tissue is modulated with local pH change

to affect an enhanced buildup of therapeutic agent or improved therapeutic index in the locally

modulated tissue. In some embodiments, the gel comprises a hydrogel. In some embodiments,

the hydrogel consumes protons as it resorbs in the tissue. In some embodiments, the hydrogel is

alkaline. In some embodiments, the preparation includes guanethidine monosulfate. In some

embodiments, the preparation has a pH>8. In some embodiments, the preparation includes a

contrast medium. In some embodiment the preparation is the composition as described herein. In

some embodiments the preparation comprises the composition described herein.

[000150] Provided herein is a method of creating renal denervation comprising the localized

delivery of an acid or base with sufficiently low or high pH to create localized nerve damage or

destruction.

[000151] Provided herein is a method of creating renal denervation comprising the localized

delivery of a non-isotonic or non-isoosmolar solution that creates neuronal destruction while

sparing other local tissues.



[000152] Provided herein is a method of treating hypertension comprising the delivery of a

preparation of guanethidine monosulfate at pH>8 or guanethidine hemisulfate at pH>8 into the

renal artery adventitia and perivascular tissues.

[000153] In some embodiments, the method further comprises delivery from an intravascular

aspect. A delivery device as described herein may be used, or another delivery device may be

used. The delivery may be transluminal.

[000154] Provided herein is a method of treating heart failure comprising the delivery of a

preparation of guanethidine monosulfate at pH>8 or guanethidine hemisulfate at pH>8 into the

renal artery adventitia and perivascular tissues.

[000155] Provided herein is a method of treating insulin resistance comprising the delivery of a

preparation of guanethidine monosulfate at pH>8 or guanethidine hemisulfate at pH>8 into the

renal artery adventitia and perivascular tissues.

[000156] Provided herein is a method of treating systemic inflammation comprising the delivery

of a preparation of guanethidine monosulfate at pH>8 or guanethidine hemisulfate at pH>8 into

the renal artery adventitia and perivascular tissues.

[000157] Provided herein is a method of treating sleep apnea comprising the delivery of a

preparation of guanethidine monosulfate at pH>8 or guanethidine hemisulfate at pH>8 into the

renal artery adventitia and perivascular tissues.

[000158] Provided herein is a method of creating denervation comprising the localized delivery

of an agent chosen from the following: a hypertonic saline, a detergent, a solvent, ethanol, a

strong acid, a strong base, a buffer agent, an alkaline buffer agent, an acidic buffer agent, a

composition having a sodium chloride content between 0.7% and 0.9%, a composition having

pH of about 9.5, a composition having pH that is adjusted to about 9.5 by buffering with an

alkaline buffer agent, a composition having pH that is adjusted to about 9.5 by buffering with

sodium hydroxide, or a composition having pH of between 8 and 11. In some embodiments, the

denervation is of a renal nerve. In some embodiments, the method creates renal denervation. In

some embodiment the denervation is of a non-renal nerve, such as a nerve near a lung.

[000159] In some embodiments, the buffer agent comprises one or more of sodium hydroxide,

sodium bicarbonate, magnesium hydroxide, sulfuric acid, hydrochloric acid, citric acid, acetic

acid, sodium citrate, sodium acetate, boric acid, potassium dihydrogen phosphate, diethyl

barbituric acid, 3-{[tris(hydroxymethyl)methyl]amino}propanesulfonic acid, N,N-bis(2-

hydroxyethyl)glycine, tris(hydroxymethyl)aminomethane, N-tris(hydroxymethyl)methylglycine,

2-[Bis(2-hydroxyethyl)amino]-2-(hydroxymethyl)- 1,3-propanediol, 3-[N-

Tris(hydroxymethyl)methylamino]-2-hydroxypropanesulfonic acid, 4-2-hydroxyethyl- 1-



piperazineethanesulfonic acid, 2-{[tris(hydroxymethyl)methyl]amino}ethanesulfonic acid, 3-(N-

morpholino)propanesulfonic acid, piperazine-N,N'-bis(2-ethanesulfonic acid), dimethylarsinic

acid, saline sodium citrate, 2-(N-morpholino)ethanesulfonic acid, and glycine.

[000160] Provided herein is a method of creating denervation comprising the localized delivery

of an agent chosen from the following: guanethidine in a concentration ranging from 1 µg/mL

to 50 mg/mL at pH of greater than 7, guanethidine in a concentration ranging from 1 mg/mL to

30 mg/mL at pH of greater than 7, a composition comprising guanethidine having a sodium

chloride content between 0.7% and 0.9%, a composition comprising guanethidine having pH of

about 9.5, a composition comprising guanethidine having pH that is adjusted to about 9.5 by

buffering with an alkaline buffer agent, a composition comprising guanethidine having pH that

is adjusted to about 9.5 by buffering with sodium hydroxide, or a composition comprising

guanethidine having pH of between 8 and 11. In some embodiments, the denervation is of a

renal nerve. In some embodiments, the method creates renal denervation. In some embodiment

the denervation is of a non-renal nerve, such as a nerve near a lung.

[000161] Provided herein is a method of creating denervation comprising the localized delivery

of a first toxin entering cells through sodium channels, wherein such first toxin comprises one or

more of: tetrodotoxin and batrachotoxin, a second toxin entering cells through potassium

channels, wherein such second toxin comprises one or more of: aurotoxin, agitoxin,

charybdotoxin, margatoxin, slotoxin, sycllatoxin and hefutoxin, and/or a third toxin entering

cells through calcium channels, wherein such third toxin comprises one or more of: calciseptine,

taicatoxin, calcicludine and PhTx3. In some embodiments, the denervation is of a renal nerve. In

some embodiments, the method creates renal denervation. In some embodiment the denervation

is of a non-renal nerve, such as a nerve near a lung.

[000162] Provided herein is a method of creating denervation comprising the localized delivery

of an agent comprising an adrenergic blocker, an androgenic inhibitor, an adrenergic stimulator,

an Alpha-/beta-adrenergic blocker, an angiotensin converting enzyme (ACE) inhibitor, an ACE-

receptor antagonist, a Beta blocker, a calcium channel blocker, an antiarrythmic of groups I-IV,

an antiarrythmic, a cardiotonic, an alpha-2-agonists, a guanidine derivative, an imadazoline

receptor agonist, a ganglion-blocking agent, nicotinic antagonist, ganglion-blocking agents,

nicotinic antagonist, a MAOI inhibitor, an adrenergic uptake inhibitor, a tyrosine hydroxylase

inhibitors, an alpha- 1 blocker, a non-selective alpha blocker, a serotonin antagonist, an

endothelin antagonist, a sclerosing agent, or a sensory denervation agent. In some embodiments,

the denervation is of a renal nerve. In some embodiments, the method creates renal denervation.

In some embodiment the denervation is of a non-renal nerve, such as a nerve near a lung.



[000163] Provided herein is a method of creating denervation comprising the localized delivery

of an agent comprising doxazosin, guanadrel, guanethidine, pheoxybenzamine, prazosin plus

polythiazide, terazosin, methyldopa, clonidine, guanabenz, guanfacine, Labetalol, benazepril,

catopril, enalapril, enalaprilat, fosinopril, lisinopril, moexipril, quinapril, ramipril, and

combinations with calcium channel blockers and diuretics, losartan, acebutolol, atenolol,

betaxolol, bisoprolol, carteolol, esmolol, fimolol, pindolol, propranolol, penbatolol, metoprolol,

nadolol, sotalol, Amiloride, amlodipine, bepridil, diltiazem, isradipine, nifedipine, verapamil,

felodipine, nicardipine, nimodipine, bretylium, disopyramide, encainide, flecainide, lidocaine,

mexiletine, moricizine, propafenone, procainamide, quinidine, tocainide, esmolol, propranolol,

acebutolol, amiodarone, sotalol, verapamil, diltiazem, pindolol, bupranolol hydrochloride,

trichlormethiazide, furosemide, prazosin hydrochloride, metoprolol tartrate, carteolol

hydrochloride, oxprenolol hydrochloride, and propranolol hydrochloride, adenosine, digoxin;

metildigoxin, caffeine, dopamine hydrochloride, dobutamine hydrochloride, octopamine

hydrochloride, diprophylline, ubidecarenon, digitalis, capsaicin, anti-nerve growth factor, anti-

dopamine beta-hydro xylase, anti-acetylcholinesterase, 6-hydroxyldopamine (6-OHDA),

bretylium tosylate, guanacline, and N-(2-chloroethyl)-N-ethyl-2-bromobenzylamine (DSP4),

OX7-SAP, 192-SAP, anti-dopamine beta-hydro xylase saporin (DBH-SAP), and anti-dopamine

beta-hydroxylase immunotoxin (DHIT), phenol, ethanol, clonidine, guanfacine, methyldopa,

betanidine, guanoxan, debrisoquine, guanoclor, guanazodine, guanoxabenz, moxonidine,

relmenidine, mecamylamine, trimethaphan, pargyline, rescinnamine, reserpine, metirosine,

prazosin, indoramin, trimazosin, doxazosin, urapidil, phentolamine, ketanserin, bosentan,

ambrisentan, sitaxentan, quinacrine, chloroquine, sodium tetradecyl sulfate, ethanolamine oleate,

sodium morrhuate, polidocanol, or a hypertonic solution. In some embodiments, the denervation

is of a renal nerve. In some embodiments, the method creates renal denervation. In some

embodiment the denervation is of a non-renal nerve, such as a nerve near a lung.

[000164] In some embodiments, the agent itself or a composition comprising such agent has a

pH of at least 7, a pH of at most 11, a pH of at least 7 and at most 11, a pH of at least 8 and at

most 10, a pH that is effective to denervate nerves to which such agent is delivered, or a pH that

is adjusted to a level that is effective to denervate nerves to which such agent is delivered.

EXAMPLES

[000165] Example 1: In Vitro Response of Nerve and Smooth Muscle Cells to pH and

Guanethidine Monosulfate Concentration

[000166] Guanethidine Monosulfate and pH interaction studies were performed on sympathetic

neuronal and perivascular and vascular cell types. The following cell types were examined:



• SH-SY5Y: Human neuroblastoma line SH-SY5Y, plated but uninduced

• Induced SH-SY5Y: SH-SY5Y induced with retinoic acid to differentiate into neurite

growing sympathetic nerve cells

• rPC- 12: Adherent -type rat PC- 12 cells, plated but uninduced

· Induced rPC-12: PC- 12 induced with NGF to differentiate into neurite growing sympathetic

nerve cells

• Rat SCG: Primary rat superior cervical ganglia cells

• hAoSMC: Primary human aortic smooth muscle cells

[000167] Cells were treated with 0, 1, 10, 100 or 1000 µg/mL guanethidine monosulfate (GNT),

or 10 µg/mL GNT and 17% IsoVUE370, at pH 6.3 and pH 9.3. At 4h and in replicate cultures at

24h, the medium was replaced with regular growth medium with the same drug concentrations.

Stepwise, the test method was as follows: treat the cells with the composition of guanethidine

monosulfate at either pH 6.3 or pH 9.3 (at concentration 0, 1, 10, 100 or 1000 µg/mL

guanethidine monosulfate or 10 µg/mL GNT and 17% IsoVUE370); wait 4 hours or 24 hours,

then replace the medium with a composition of guanethidine monosulfate without pH

modulation (at concentration 0, 1, 10, 100 or 1000 µg/mL guanethidine monosulfate or 10

µg/mL GNT and 17% IsoVUE370); at 48 hours test cells for viability by Alamar blue (~4h

incubation); replace the guanethidine monosulfate without pH modulation with standard growth

medium; at 7 days, test cells for viability by Alamar blue (~4h incubation). The data for the 10

µg/mL GNT and 17% IsoVUE370 is presented in FIGS . 17A- 17L labeled on the x-axis as

10+IV. With Rat SCG cells, further testing was carried out to examine the effect of pH 9.3

exposure for 1 hour or pH 7.3 (normal growth medium) for 24 hours. These cells were examined

at 24 hours only. Cells were examined microscopically just before pH or drug additions and

again at 48 hours. Observations were noted and photographed.

[000168] Cells were tested for viability by Alamar blue in ~4 hour incubation at 48 hours (2

days) and 7 days, as noted above. Toxicity of drug and pH conditioning were compared against

negative controls of growth medium only and positive controls of 1% Triton (TX-100) in normal

growth medium. All conditions were run in triplicate. Guanethidine samples were prepared from

USP guanethidine monosulfate reference standard (CAS 645-43-2).

[000169] Radio frequency ablation of renal artery sympathetic nerves has been shown to reduce

blood pressure in drug-resistant hypertension. (Doumas M, Douma S. Interventional

management of resistant hypertension, Lancet, 2009;373:1228-1229.) The physiologic

mechanism linking renal denervation and hypertension is the reduction of norepinephrine (NE)

production by the renal sympathetic nerves. (DiBona GF, Esler M. Translational medicine: the



antihypertensive effect of renal denervation, Am J Physiol Regul Integr Comp Physiol. 2010

Feb;298(2):R245-53. Epub 2009 Dec 2.) Complete renal denervation creates a -90% decrease in

renal tissue NE content in pigs (reduced from 452±83 to 15±27 ng/g and dogs (reduced from

260±19 to 24±12 ng/g). (Connors BA, Evan AP, Willis LR, Simon JR, Fineberg NS, Lifshitz

DA, Shalhav AL, Paterson RF,Kuo RL, Lingeman JE. Renal nerves mediate changes in

contralateral renal bloodflow after extracorporeal shockwave lithotripsy,. Nephron Physiol.

2003;95(4):p67-75; Mizelle HL, Hall JE, Woods LL, Montani JP, Dzielak DJ, Pan Y Role of

renal nerves in compensatory adaptation to chronic reductions in sodium intake, Am J Physiol.

1987 Feb;252(2 Pt 2):F291-8.)

[000170] There have been reductions in pressure reported, and NE spillover from denervated

renal arteries was reported to drop by an average of 47% (N=10 patients) in the 15 to 30 days

after the procedure. (Doumas 2009.) The renal sympathetic nerves are located in the renal artery

adventitia.

[000171] Certain experiments have shown that guanethidine denervation in porcine renal artery

adventitia through kidney cortex NE drops of 49-58% and histological evidence of nerve

deterioration and fibrosis there is shown herein pH dependency of this effect based on a lack of

denervation with guanethidine +IsoVUE with pH of 6.3 as compared to guanethidine +IsoVUE

with pH of 9.3.

[000172] Guanethidine Monosulfate has a molecular weight of 296.39 g/mol. The concentration

of 10 mg/mL results in a molar concentration of 33.7 mmol/L (33.7 mM). Concentrations at or

above 0.2 mM (60 µg/mL) have been shown to produce axon retraction in vitro. (Hill CE et al.

Use of tissue culture to examine the actions of guanethidine and 6-hydroxydopamine, European

Journal of Pharmacology 1973;23:1620-74.)

[000173] Guanethidine has been shown to have pH dependent effects on primary rat superior

cervical ganglia neurons in culture, with cytotoxicity of 100 µg/mL at pH of 8.0 and a lack of

cytotoxicity at pH of 7.2 (Johnson EM and Aloe L. Suppression of the in vitro and in vivo

cytotoxic effects of guanethidine in sympathetic neurons by nerve growthfactor, Brain Research

1974;81:519-532; Wakshull E, Johnson MI, Burton H. Persistence of an amine uptake system in

cultured rat sympathetic neurons which use acetylcholine as their transmitter, J . Cell Biology

1978;79:121-131.)

[000174] Alamar blue is proven cell viability indicator that uses the natural reducing power of

living cells to convert resazurin to the fluorescent molecule, resorufin. The active ingredient of

Alamar blue (resazurin) is a nontoxic, cell permeable compound that is blue in color and

virtually nonfluorescent. Upon entering cells, resazurin is reduced to resorufin, which produces



very bright red fluorescence. Viable cells continuously convert resazurin to resorufin, thereby

generating a quantitative measure of viability —and cytotoxicity.

[000175] In an attempt to replicate behavior of post-ganglionic sympathetic neurons, rat

pheochromocytoma cells (PC- 12), human neuroblastoma cells (SH-SY5Y) and primary rat

superior cervical ganglion (rat SCG) cells were used in these experiments. Each cell type was

able to be propagated to form neurites in these experiments. After Alamar blue incubation,

fluorescence units (FU) were measured in all samples.

[000176] FIGS. 17A-17L show the results of the viability testing run in triplicate by Alamar blue

in about 4 hours of incubation at 48 hours i.e.2 days (left column including FIG. 17A, 17C, 17E,

17G, 171 and 17K plots) and at 7 days (right column including FIG. 17B, 17D, 17F, 17H, 17J

and 17L plots) Data presented below and in FIGS. 17A through 17L were calculated with the

following equation, where sample fluorescence minus background is FU samp ie, fluorescence of

cells in growth medium minus background is FU egative control, and fluorescence of cells after

exposure to 1% Triton (killing all cells) minus background fluorescence is FUpos iti e control- The

equation lS: %=100 X ((FUsa mple - FUp ositive control)/(FU egative control- FUpos itive control))

[000177] FIG. 17A shows % Alamar blue fluorescence versus normal cells in rPC-12 at day 2,

for guanethidine at pH 6.3 for 4 hours (top line having an open diamond marker at ^g/mL

guanethidine concentration), for guanethidine at pH 6.3 for 24 hours (second line from the top

having a solid diamond marker at ^g/mL guanethidine concentration), for guanethidine at pH

9.3 for 4 hours (third line from the top having an open square marker at ^g/mL guanethidine

concentration), and for guanethidine at pH 9.3 for 24 hours (bottom line having a solid square

marker at ^g/mL guanethidine concentration).

[000178] FIG. 17B shows % Alamar blue fluorescence versus normal cells in rPC-12 at day 7,

for guanethidine at pH 6.3 for 4 hours (top line having an open diamond marker at ^g/mL

guanethidine concentration), for guanethidine at pH 6.3 for 24 hours (second line from the top

having a solid diamond marker at ^g/mL guanethidine concentration), for guanethidine at pH

9.3 for 4 hours (third line from the top having an open square marker at ^g/mL guanethidine

concentration), and for guanethidine at pH 9.3 for 24 hours (bottom line having a solid square

marker at ^g/mL guanethidine concentration).

[000179] FIG. 17C shows % Alamar blue fluorescence versus normal cells in induced rPC-12 at

day 2, for guanethidine at pH 6.3 for 4 hours (top line having an open diamond marker at

^g/mL guanethidine concentration), for guanethidine at pH 6.3 for 24 hours (second line from

the top having a solid diamond marker at ^g/mL guanethidine concentration), for guanethidine

at pH 9.3 for 4 hours (third line from the top having an open square marker at ^g/mL



guanethidine concentration), and for guanethidine at pH 9.3 for 24 hours (bottom line having a

solid square marker at ^g/mL guanethidine concentration).

[000180] FIG. 17D shows % Alamar blue fluorescence versus normal cells in induced rPC-12 at

day 7, for guanethidine at pH 6.3 for 4 hours (top line having an open diamond marker at

^g/mL guanethidine concentration), for guanethidine at pH 6.3 for 24 hours (second line from

the top having a solid diamond marker at ^g/mL guanethidine concentration), for guanethidine

at pH 9.3 for 4 hours (third line from the top having an open square marker at ^g/mL

guanethidine concentration), and for guanethidine at pH 9.3 for 24 hours (bottom line having a

solid square marker at ^g/mL guanethidine concentration).

[000181] FIG. 17E shows % Alamar blue fluorescence versus normal cells in SH-SY5Y at day

2, for guanethidine at pH 6.3 for 4 hours (top line having an open diamond marker at ^g/mL

guanethidine concentration), for guanethidine at pH 6.3 for 24 hours (second line from the top

having a solid diamond marker at ^g/mL guanethidine concentration), for guanethidine at pH

9.3 for 4 hours (third line from the top having an open square marker at ^g/mL guanethidine

concentration), and for guanethidine at pH 9.3 for 24 hours (bottom line having a solid square

marker at ^g/mL guanethidine concentration).

[000182] FIG. 17F shows % Alamar blue fluorescence versus normal cells in SH-SY5Y at day 7,

for guanethidine at pH 6.3 for 4 hours (top line having an open diamond marker at 0 µg/mL

guanethidine concentration), for guanethidine at pH 6.3 for 24 hours (second line from the top

having a solid diamond marker at 0 µg/mL guanethidine concentration), for guanethidine at pH

9.3 for 4 hours (overlapping the solid diamond marker and line from the top and having an open

square marker at 0 µg/mL guanethidine concentration), and for guanethidine at pH 9.3 for 24

hours (bottom line having a solid square marker at 0 µg/mL guanethidine concentration.

[000183] FIG. 17G shows % Alamar blue fluorescence versus normal cells in induced SH-SY5Y

at day 2, for guanethidine at pH 6.3 for 4 hours (top line having an open diamond marker at

^g/mL guanethidine concentration), for guanethidine at pH 6.3 for 24 hours (second line from

the top having a solid diamond marker at ^g/mL guanethidine concentration), for guanethidine

at pH 9.3 for 4 hours (third line from the top having an open square marker at ^g/mL

guanethidine concentration), and for guanethidine at pH 9.3 for 24 hours (bottom line having a

solid square marker at ^g/mL guanethidine concentration).

[000184] FIG. 17H shows % Alamar blue fluorescence versus normal cells in induced SH-SY5Y

at day 7, for guanethidine at pH 6.3 for 4 hours (second line from the top having an open

diamond marker at 0µg/mL guanethidine concentration), for guanethidine at pH 6.3 for 24 hours

(third line from the top having a solid diamond marker at 0µg/mL guanethidine concentration),



for guanethidine at pH 9.3 for 4 hours (bottom line having an open square marker at (^g/mL

guanethidine concentration), and for guanethidine at pH 9.3 for 24 hours (top line having a solid

square marker at (^g/mL guanethidine concentration).

[000185] FIG. 171 shows % Alamar blue fluorescence versus normal cells in Rat SCG at day 2,

for guanethidine at pH 6.3 for 4 hours (third line from the top having an open diamond marker at

^g/mL guanethidine concentration), for guanethidine at pH 6.3 for 24 hours (fourth line from

the top having a solid diamond marker at ^g/mL guanethidine concentration), for guanethidine

at pH 9.3 for 4 hours (bottom line from the top having an open square marker at ^g/mL

guanethidine concentration- overlapping with the 24 hour pH 9.3 data), for guanethidine at pH

9.3 for 24 hours (bottom line having a solid square marker at ^g/mL guanethidine

concentration- overlapping with the pH 9.3 at 4 hours), for guanethidine at pH 7.3 (neutral) for

24 hours (top line having an asterisk marker at ^g/mL guanethidine concentration), and

guanethidine at pH 9.3 for 1 hour (second line from the top having a solid circle marker at

^g/mL guanethidine concentration).

[000186] FIG. 17J shows % Alamar blue fluorescence versus normal cells in Rat SCG at day 7,

for guanethidine at pH 6.3 for 4 hours (third line from the top having an open diamond marker at

(^g/mL guanethidine concentration), for guanethidine at pH 6.3 for 24 hours (top line having a

solid diamond marker at (^g/mL guanethidine concentration), for guanethidine at pH 9.3 for 4

hours (second line from the top having an open square marker at (^g/mL guanethidine

concentration), and for guanethidine at pH 9.3 for 24 hours (bottom line having a solid square

marker at ^g/mL guanethidine concentration).

[000187] FIG. 17K shows % Alamar blue fluorescence versus normal cells in hAoSMC at day 2,

for guanethidine at pH 6.3 for 4 hours (top line having an open diamond marker at ^g/mL

guanethidine concentration), for guanethidine at pH 6.3 for 24 hours (second line from the top

having a solid diamond marker at ^g/mL guanethidine concentration), for guanethidine at pH

9.3 for 4 hours (third line from the top having an open square marker at ^g/mL guanethidine

concentration), and for guanethidine at pH 9.3 for 24 hours (bottom line having a solid square

marker at ^g/mL guanethidine concentration).

[000188] FIG. 17L shows % Alamar blue fluorescence versus normal cells in hAoSMC at day 7,

for guanethidine at pH 6.3 for 4 hours (top line having an open diamond marker at ^g/mL

guanethidine concentration), for guanethidine at pH 6.3 for 24 hours (second line from the top

having a solid diamond marker at ^g/mL guanethidine concentration), for guanethidine at pH

9.3 for 4 hours (third line from the top having an open square marker at ^g/mL guanethidine



concentration), and for guanethidine at pH 9.3 for 24 hours (bottom line having a solid square

marker at ^g/mL guanethidine concentration).

[000189] The LC50 is the concentration of drug that is lethal to 50% of cells. Calculation from

the data shown above and as shown in FIGs. 17A through 17L yielded the LC50 values as

shown in Table 1. If pH effects led to <50% surviving cells without drug addition, a "0" is found

in the LC50 chart. If the LC50 was between zero and the lowest dose ( 1 µg/mL), the LC50 value

is listed as "<1". Calculations were not performed for pH exposures of 24 hours, since LC50

was often zero with such extended exposure and since 24 hour pH exposure is unlikely in vivo,

where pH would likely neutralize in the injected tissue much more rapidly than 24 hours.

Table 1.

NT: Not Tested

[000190] FIG. 19A provides in vitro confirmation of high-pH guanethidine effects showing the

LC50 levels for 48 hour guanethidine exposure in cell lines mimicking peripheral sympathetic

neurons, in the first column SH-SY5Y cells were tested at 4-hours at pH 6.3, in the second

column SH-SY5Y cells were tested at 4-hours at pH 9.3, in the third column PC-12 cells were

tested at 4-hours at pH 6.3, and in the fourth column PC-12 cells were tested at 4-hours at pH

9.3. FIG. 19B provides in vitro confirmation of high-pH guanethidine effects showing the LC50

levels for 48 hour guanethidine exposure in primary peripheral sympathetic neurons, in the first

column SCG cells were tested at a neutral pH, in the second column SCG cells were tested at 1

hours at pH 9.3. In FIGS. 19A and 19B, the y-axis is in units of µg/mL.

[000191] Extended exposure (24 hours) to pH 9.3 causes some amount of degradation of most of

the cell types studied, while 24 hours of exposure to pH 6.3 has limited effect on the cells. With

4 hours of exposure to pH 9.3 or pH 6.3, apparent differences are seen in the toxic

concentrations of guanethidine to each of the neuronal cell lines studied in these experiments.

This observation holds true whether cells are examined directly after 48 hours of drug exposure

or at 7 days. In every cell type studied, guanethidine was toxic to cells with an order of

magnitude less concentration at pH 9.3 than at pH 6.3.

[000192] Follow-up study with pH 9.3 in the rat SCG cells for 1 hour of exposure showed a

guanethidine dose-dependent toxicity.



[000193] In vivo experiments with pH 9.3 guanethidine resulted in significant observable

neurotoxicity with pH 9.3 guanethidine administered at 10 mg/mL at 28 and 60 days, while in

vivo experiments with pH 6.3 guanethidine administered at 10 mg/mL resulted in no significant

alteration of the renal sympathetic nerves at 90 days.

[000194] This would indicate that in vivo, following injections of pH 9.3 guanethidine, the pH of

the tissue remains alkaline for long enough to enhance the uptake and/or cytotoxic effects of

guanethidine on neurons. It should be noted, however, that the cytotoxicity of guanethidine in

vivo with pH 9.3 was not apparent in non-neuronal cell types.

[000195] Finally, in vivo experiments with injection of pH 9.3 administered at 10 mg/mL

guanethidine in 50 mg dose per artery resulted in tissue guanethidine concentrations of 4.3±2.9

µg/g (expressed in amount of guanethidine per weight of tissue) in renal artery and 1.9±1 .0 µg/g

in renal perivascular tissues at 24 hours. These concentrations compare well to the LC50 levels

reported above. While these average tissue concentrations are slightly lower than the observed

LC50 values, there is likely an averaging effect from the in vivo studies since guanethidine is

known to concentrate in nerve cells, but nerve cells are only a small portion of the total tissue

mass evaluated in those earlier concentration studies.

[000196] In summary, these studies show that Guanethidine has improved neuronal cell toxicity

at pH 9.3 as compared with pH 6.3. Toxicity in response to guanethidine showed

dose-dependent effects at both pH 6.3 and pH 9.3, with LC50 at least lOx higher with pH 6.3

than pH 9.3 in the majority of cell lines studied. Additionally, Time of exposure to pH 6.3 had

less of an effect than time of exposure to pH 9.3, with increased exposure times to pH 9.3

causing toxic effects at low or no guanethidine concentrations.

[000197] Example 2 : Animal Study and follow up studies

[000198] Guanethidine tested in certain preclinical studies showed that there was nerve damage,

however the form of the guanethidine tested in these studies was guanethidine hemisulfate.

Later testing in an animal study using guanethidine monosulfate at an unbuffered pH (6.3 or

less) produced safe results, but failed to show significant denervation. Buffering of guanethidine

monosulfate to a pH in the ranges successfully shown to denervate using guanethidine

hemisulfate is possible. Titration experiments as shown in FIG. 20B depict how guanethidine

monosulfate can be buffered with sodium hydroxide to achieve the same pH as the guanethidine

hemisulfate used in the studies with successful denervation. This alkaline buffered form of

guanethidine monosulfate may be used to denervate nerves by delivery of such composition to

tissue surrounding such nerves. Such delivery may be transluminal, for example using devices

noted herein, or may be delivered in another way to the tissue surrounding the nerve (or nerves)



to be denervated. Guanethidine effect is pH dependent such that there is increased neurotoxicity

at higher pH. Guanethidine at a neutral pH can block nerves, but does not denervate. Locally

elevated pH of guanethidine (whether buffered monosulfate or hemisulfate) destroys nerves and

spares surrounding tissues. Thus, a composition that comprises guanethidine hemisulfate, or one

that alternatively comprises buffered guanethidine monosulfate having an elevated pH would be

effective in denervation, as well as be safe. This effect allows for precise local denervation

without regional or systemic effects of the drug.

[000199] Aqueous monosulfate form has two free hydrogen ions for each guanethidine molecule

(the free hydrogen comes from the sulfate molecule, which breaks into S0 4 and 2H+.

However, the hemisulfate aqueous form has only one free hydrogen ion for each guanethidine

molecule. This leads to a predominantly dual protonated form (and thus acidic pH) of an

aqueous solution of the monosulfate, but a predominantly single protonated form (thus alkaline

pH) of the hemisulfate. Removal of hydrogen ions from the aqueous solution leads to higher pH

and less protonation of the guanethidine.

[000200] FIGS . 18A-18D depict the differences between guanethidine monosulfate in FIG. 18D

and guanethidine hemisulfate in FIG. 18C, the monosulfate salt form having a lower pH in

aqueous solution and found in certain preclinical studies to have inconclusive or null results and

the hemisulfate salt form having a higher pH in aqueous solution and found in certain preclinical

studies to have positive preclinical results.

[000201] FIG 20A depicts an embodiment composition of guanethidine monosulfate that is

buffered to increase the pH, for example to an equivalent pH level of guanethidine hemisulfate

given the same concentration of the guanethidine molecule in solution. The FIG. 20B depicts

guanethidine monosulfate buffering that is possible to reach the pH of guanethidine hemisulfate.

The NaOH-buffered guanethidine monosulfate (Ismelin) lOmg/mL data is shown in the data

having a diamond marker with dashed line (starting in the bottom left of the chart), the NaOH-

buffered guanethidine monosulfate (Ismelin) lOmg/mL data with 17% isoVUE370 is shown in

the data having a square marker with solid line (starting at about 6.3 pH at the bottom left of the

chart at the -0.0 on the x-axis, and the Na-OH buffered 10 mg/mL guanethidine hemisulfate in

0.9% saline is shown with the triangle marker and dashed line starting above the lOpH and at 1.0

along the x-axis, and wherein the Na-OH buffered 10 mg/mL guanethidine hemisulfate in 17%

IsoVUE 370 is shown with the circle marker and solid line starting at about the 9.3pH and at 0.0

along the x-axis.

[000202] In this chart, the x-axis depicts the addition of buffer [OH-] molecules or guanethidine

[Gnt] molecules to either guanethidine monosulfate (shown to have one [Gnt] molecule for



every two [H+] protons) or to guanethidine hemisulfate (shown to have one [Gnt] molecule for

every one [H+] proton). In this chart, baseline guanethidine hemisulfate (unbuffered) exists on

the x-axis at a value of 1.0, since there is exactly one additional [Gnt] and no [OH-] ions for

each [Gnt][H+][H+], while baseline guanethidine monosulfate (unbuffered) exists at a value of

0.0, having no additional [Gnt] molecules nor [OH-] ions. As buffer (in this case, NaOH) is

added, the protons are more likely to decouple from the [Gnt] molecule, de-protonating the [Gnt]

and increasing its ability to cause nerve destruction when delivered into tissues. The

composition of guanethidine monosulfate to reach the same pH in solution as guanethidine

hemisulfate at the same concentration requires an equimolar addition of NaOH (or equivalent

buffering with known buffers). Either equimolar-buffered guanethidine monosulfate or

guanethidine hemisulfate could then be further buffered to further increase the pH of the

solution. The addition of contrast medium (in one example, IsoVUE370) to the composition in a

proportion of 17% of the total volume reduces the pH at buffering levels greater than 1.0 on

FIG. 20B, leading to a stable pH between 9 and 10 across a broad range of buffer variability

(e.g. between 1.0 and 2.0 on the x-axis).

[000203] A particular embodiment of buffered guanethidine monosulfate has pH of 10 to 10.5

prior to addition of contrast medium and pH of 9 to 9.5 subsequent to 17% of the volume being

replaced by contrast medium. The buffered guanethidine monosulfate is composed of 12 mg/mL

guanethidine monosulfate (Gnt H2S0 4), which is a 40.5 mM solution and an equimolar amount

of NaOH (40.5 mM, or 1.6 mg/mL), in 0.7% to 0.90% NaCl solution. When diluted with

IsoVUE370 by 17%, the final composition is created, with 10 mg/mL Gnt H2S0 4, 0.72% NaCl,

1.35 mg/mL NaOH and 17% IsoVUE370 and a pH of 9 to 9.5. This composition is provided as

an example and is not intended to be limiting.



WHAT IS CLAIMED IS:

1. A composition comprising a guanidine with pH>8.

2 . The composition of Claim 1, wherein the guanidine is guanethidine.

3 . The composition of Claim 2, wherein the guanethidine includes monosulfate.

4 . The composition of Claim 2, wherein the guanethidine includes hemisulfate in a solution

configured for denervation.

5 . The composition of Claim 2, wherein the guanethidine includes hemisulfate in a solution

suitable for denervation.

6 . The composition of Claim 1, wherein the pH>9.

7 . The composition of Claim 1, wherein the pH>10.

8. The composition of Claim 1, further comprising an alkaline buffer.

9 . The composition of Claim 1, wherein the alkaline buffer comprises NaOH.

10. The composition of Claim 1, wherein the alkaline buffer comprises NaOH in a molar

ratio to the guanidine concentration of 50% or greater.

11. The composition of Claim 1, wherein the alkaline buffer comprises NaOH in an

equimolar or greater concentration to the guanidine.

12. The composition of any one of Claims 1-1 1, wherein the composition further comprises

a contrast medium.

13. The composition of any one of Claims 1-1 1, wherein the composition further comprises

sodium chloride.

14. The composition of Claim 13, wherein the sodium chloride is 0.7% to 0.9% of the

solution.

15. The composition of Claim 3, wherein the guanethidine monosulfate is in concentration of

0.1 mg/mL to 50 mg/rnL.

16. The composition of Claim 3, wherein the guanethidine monosulfate is in concentration of

1 mg/mL to 20 mg/mL.

17. A method for modulating local tissue physiology comprising the delivery of preparation

comprising a liquid, gel, or semisolid into the tissue.

18. The method of Claim 17, wherein the preparation buffers the local tissue physiology by

raising or lowering the pH of the local tissue.

19. The method of Claim 18, wherein the preparation comprises a therapeutic agent that has

its index effect at a physiological condition modulated by the delivery of such preparation, but

not having an index effect at neutral physiological condition.



20. The method of Claim 18, wherein the preparation further includes a therapeutic agent

that has additional or enhanced index effect at a physiological condition modulated by the

delivery of such preparation, but not having such additional or enhanced index effect at neutral

physiological condition.

2 1. The method of Claim 17, wherein the gel comprises a hydrogel.

22. The method of Claim 21, wherein the hydrogel consumes protons as it resorbs in the

tissue.

23. The method of Claim 21, wherein the hydrogel is alkaline.

24. The method of any one of Claims 17-23, wherein the preparation includes guanethidine

monosulfate.

25. The method of Claim 24, wherein the preparation has a pH>8.

26. The method of Claim 24, wherein the preparation includes a contrast medium.

27. A method of creating renal denervation comprising the localized delivery of an acid or

base with sufficiently low or high pH to create localized nerve damage or destruction.

28. A method of creating renal denervation comprising the localized delivery of a non-

isotonic or non-isoosmolar solution that creates neuronal destruction while sparing other local

tissues.

29. A method of treating hypertension comprising the delivery of a preparation of

guanethidine monosulfate at pH>8 or guanethidine hemisulfate at pH>8 into the renal artery

adventitia and perivascular tissues.

30. The method of Claim 29, further comprising delivery from an intravascular aspect.

31. A method of treating heart failure comprising the delivery of a preparation of

guanethidine monosulfate at pH>8 or guanethidine hemisulfate at pH>8 into the renal artery

adventitia and perivascular tissues.

32. A method of treating insulin resistance comprising the delivery of a preparation of

guanethidine monosulfate at pH>8 or guanethidine hemisulfate at pH>8 into the renal artery

adventitia and perivascular tissues.

33. A method of treating systemic inflammation comprising the delivery of a preparation of

guanethidine monosulfate at pH>8 or guanethidine hemisulfate at pH>8 into the renal artery

adventitia and perivascular tissues.

34. A method of treating sleep apnea comprising the delivery of a preparation of

guanethidine monosulfate at pH>8 or guanethidine hemisulfate at pH>8 into the renal artery

adventitia and perivascular tissues.



35. A method of creating renal denervation comprising the localized delivery of an agent

chosen from the following: a hypertonic saline, a detergent, a solvent, ethanol, a strong acid, a

strong base, a buffer agent, an alkaline buffer agent, an acidic buffer agent, a composition

having a sodium chloride content between 0.7% and 0.9%, a composition having pH of about

9.5, a composition having pH that is adjusted to about 9.5 by buffering with an alkaline buffer

agent, a composition having pH that is adjusted to about 9.5 by buffering with sodium

hydroxide, or a composition having pH of between 8 and 11.

36. The method of Claim 35, wherein the buffer agent comprises one or more of sodium

hydroxide, sodium bicarbonate, magnesium hydroxide, sulfuric acid, hydrochloric acid, citric

acid, acetic acid, sodium citrate, sodium acetate, boric acid, potassium dihydrogen phosphate,

diethyl barbituric acid, 3-{[tris(hydroxymethyl)methyl]amino}propanesulfonic acid, N,N-bis(2-

hydroxyethyl)glycine, tris(hydroxymethyl)aminomethane, N-tris(hydroxymethyl)methylglycine,

2-[Bis(2-hydroxyethyl)amino]-2-(hydroxymethyl)- 1,3-propanediol, 3-[N-

Tris(hydroxymethyl)methylamino]-2-hydroxypropanesulfonic acid, 4-2-hydroxyethyl- 1-

piperazineethanesulfonic acid, 2-{[tris(hydroxymethyl)methyl]amino}ethanesulfonic acid, 3-(N-

morpholino)propanesulfonic acid, piperazine-N,N'-bis(2-ethanesulfonic acid), dimethylarsinic

acid, saline sodium citrate, 2-(N-morpholino)ethanesulfonic acid, and glycine.

37. A method of creating renal denervation comprising the localized delivery of an agent

chosen from the following: guanethidine in a concentration ranging from 1 µg/mL to 50 mg/mL

at pH of greater than 7, guanethidine in a concentration ranging from 1 mg/mL to 30 mg/mL at

pH of greater than 7, a composition comprising guanethidine having a sodium chloride content

between 0.7%> and 0.9%>, a composition comprising guanethidine having pH of about 9.5, a

composition comprising guanethidine having pH that is adjusted to about 9.5 by buffering with

an alkaline buffer agent, a composition comprising guanethidine having pH that is adjusted to

about 9.5 by buffering with sodium hydroxide, or a composition comprising guanethidine

having pH of between 8 and 11.

38. A method of creating renal denervation comprising the localized delivery of

a first toxin entering cells through sodium channels, wherein such first toxin comprises one or

more of: tetrodotoxin and batrachotoxin,

a second toxin entering cells through potassium channels, wherein such second toxin comprises

one or more of: maurotoxin, agitoxin, charybdotoxin, margatoxin, slotoxin, sycllatoxin and

hefutoxin, and/or

a third toxin entering cells through calcium channels, wherein such third toxin comprises one or

more of: calciseptine, taicatoxin, calcicludine and PhTx3.



39. A method of creating renal denervation comprising the localized delivery of an agent

comprising an adrenergic blocker, an androgenic inhibitor, an adrenergic stimulator, an Alpha-

/beta-adrenergic blocker, an angiotensin converting enzyme (ACE) inhibitor, an ACE-receptor

antagonist, a Beta blocker, a calcium channel blocker, an antiarrythmic of groups I-IV, an

antiarrythmic, a cardiotonic, an alpha-2-agonists, a guanidine derivative, an imadazoline

receptor agonist, a ganglion-blocking agent, nicotinic antagonist, ganglion-blocking agents,

nicotinic antagonist, a MAOI inhibitor, an adrenergic uptake inhibitor, a tyrosine hydroxylase

inhibitors, an alpha- 1 blocker, a non-selective alpha blocker, a serotonin antagonist, an

endothelin antagonist, a sclerosing agent, or a sensory denervation agent.

40. A method of creating renal denervation comprising the localized delivery of an agent

comprising doxazosin, guanadrel, guanethidine, pheoxybenzamine, prazosin plus polythiazide,

terazosin, methyldopa, clonidine, guanabenz, guanfacine, Labetalol, benazepril, catopril,

enalapril, enalaprilat, fosinopril, lisinopril, moexipril, quinapril, ramipril, and combinations with

calcium channel blockers and diuretics, losartan, acebutolol, atenolol, betaxolol, bisoprolol,

carteolol, esmolol, fimolol, pindolol, propranolol, penbatolol, metoprolol, nadolol, sotalol,

Amiloride, amlodipine, bepridil, diltiazem, isradipine, nifedipine, verapamil, felodipine,

nicardipine, nimodipine, bretylium, disopyramide, encainide, flecainide, lidocaine, mexiletine,

moricizine, propafenone, procainamide, quinidine, tocainide, esmolol, propranolol, acebutolol,

amiodarone, sotalol, verapamil, diltiazem, pindolol, bupranolol hydrochloride,

trichlormethiazide, furosemide, prazosin hydrochloride, metoprolol tartrate, carteolol

hydrochloride, oxprenolol hydrochloride, and propranolol hydrochloride, adenosine, digoxin;

metildigoxin, caffeine, dopamine hydrochloride, dobutamine hydrochloride, octopamine

hydrochloride, diprophylline, ubidecarenon, digitalis, capsaicin, anti-nerve growth factor, anti-

dopamine beta-hydroxylase, anti-acetylcholinesterase, 6-hydroxyldopamine (6-OHDA),

bretylium tosylate, guanacline, and N-(2-chloroethyl)-N-ethyl-2-bromobenzylamine (DSP4),

OX7-SAP, 192-SAP, anti-dopamine beta-hydroxylase saporin (DBH-SAP), and anti-dopamine

beta-hydroxylase immunotoxin (DHIT), phenol, ethanol, clonidine, guanfacine, methyldopa,

betanidine, guanoxan, debrisoquine, guanoclor, guanazodine, guanoxabenz, moxonidine,

relmenidine, mecamylamine, trimethaphan, pargyline, rescinnamine, reserpine, metirosine,

prazosin, indoramin, trimazosin, doxazosin, urapidil, phentolamine, ketanserin, bosentan,

ambrisentan, sitaxentan, quinacrine, chloroquine, sodium tetradecyl sulfate, ethanolamine oleate,

sodium morrhuate, polidocanol, or a hypertonic solution.

4 1. The method of Claim 39 or Claim 40, wherein the agent itself or a composition

comprising such agent has a pH of at least 7, a pH of at most 11, a pH of at least 7 and at most



11, a pH of at least 8 and at most 10, a pH that is effective to denervate nerves to which such

agent is delivered, or a pH that is adjusted to a level that is effective to denervate nerves to

which such agent is delivered.

42. The method of Claim 39 or 40, wherein tissue into which the agent is delivered is

modulated to a pH of at least 7, a pH of at most 11, a pH of at least 7 and at most 11, a pH of at

least 8 and at most 10, a pH that is effective to denervate nerves to which such agent is

delivered.

43. The method of 42, wherein the tissue is modulated before, after or during the delivery of

the agent to the tissue.

44. The method of Claim 39 or 40, wherein the agent itself or a composition comprising

such agent has a pH of at most 7, a pH of at least 3, a pH of at most 7 and at least 3, a pH of at

most 6 and at least 4, an acidic pH that is effective to denervate nerves to which such agent is

delivered, or an acidic pH that is adjusted to a level that is effective to denervate nerves to which

such agent is delivered.

45. The method of Claim 39 or 40, wherein tissue into which the agent is delivered is

modulated to a pH of at most 7, a pH of at least 3, a pH of at most 7 and at least 3, a pH of at

most 6 and at least 4, an acidic pH that is effective to denervate nerves to which such agent is

delivered.

46. The method of 45, wherein the tissue is modulated before, after or during the delivery of

the agent to the tissue.

47. A method for enhancing the uptake of therapeutic agents into tissue comprising

- modulating pH of the tissue by creating a zone of the tissue having a center and an outer edge,

wherein the zone comprises a modulated pH as compared to a pre-modulation pH of the tissue

prior to modulation or as compared to a neutral pH,

wherein zone comprises a gradient of pH that is most modulated at the center of the zone and

reduces to the pre-modulation pH of the tissue or to neutral pH at the outer edge of the zone,

wherein enhanced uptake of a therapeutic agent occurs in the zone as compared to uptake that

would occur into tissue at the pre-modulation pH or at neutral pH.

48. The method of Claim 47, comprising delivering the therapeutic agent into the zone.

49. The method of Claim 47, wherein the therapeutic agent is delivered systemically and the

modulating of the tissue pH enhances a buildup of the therapeutic agent in the zone or improves

a therapeutic index in the zone.



50. The method of Claim 47, wherein the enhanced uptake occurs within a portion of the

zone having the modulated pH that is modulated from the pre-modulation pH by a preselected

amount.

51. The method of Claim 47, wherein the enhanced uptake occurs within a portion of the

zone having the modulated pH that is modulated from a neutral pH by a preselected amount.

52. The method of Claim 48 or 49, wherein the preselected amount is a difference of pH

between the modulated pH and the pre-modulation pH or between the modulated pH and the

neutral pH of one or more of: 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, -0.5, -1.0, -1.5, -2.0, -2.5, -

3.0, -3.5,- 4.0,- 4.5, from 0.5 to 5.0, from 1.5 to 4.5, from 2.0 to 4.0, about 0.5, , from -0.5 to -

5.0, from -1.5 to -4.5, from -2.0 to -4.0, about 0.5, about 1.0, about 1.5, about 2.0, about 2.5,

about 3.0, about 3.5, about 4.0, about 4.5, about -0.5, about -1.0, about -1.5, about -2.0, about -

2.5, about -3.0, about -3.5, about - 4.0, and about - 4.5.

53. The method of Claim 47 wherein the modulated pH is a pH that is lower than the tissue

outside the zone, that is higher than the tissue outside the zone, that is lower than the pH of the

tissue prior to modulation, or that is higher than the pH of the tissue prior to modulation.

54. The method of Claim 47 wherein the modulated pH is more acidic than the pH of tissue

outside the zone, or is more alkaline than the pH of tissue outside the zone. The method of

Claim 47, wherein the modulated pH at least 7, at most 11, at least 7 and at most 11, at least 8

and at most 10, or a predetermined pH that is effective to denervate nerves to which such

therapeutic agent is delivered.

55. The method of Claim 47, wherein the therapeutic agent comprises guanethidine.

56. The method of Claim 55, wherein the guanethidine includes monosulfate or hemisulfate.

57. The method of Claim 47, wherein the modulated pH at least 7, at most 11, at least 7 and

at most 11, at least 8 and at most 10, or a predetermined pH that is effective to denervate nerves

to which such therapeutic agent is delivered.
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