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The present invention relates to the "u‘s:e of the dye methylene blue (MB) or a felated
“compound to p‘reVént or reversé an eXaggfcrated hem'odynamic :reaction in ammals in
- need thereof, including-hurné;ns, More " specifically, the present invention concer%ns the
use of MB or a related -compo_uﬁdto, prevent \or',re\verse hypotension, unstableaixigina,
niyocardial infarction or shQCk caused_ by the ¢oncomitant ingestion -fo'f a
phosphodiesterase inhibitor, such a.s'_' Sildenaﬁl' ‘ci.trate, and a NO-donor, such as L-

arginine, or an organic nitrate, such as mtroglycerin.
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TITLE OF THE INVENTION

~ Use of Methylene Blue and Related Compounds to Prevent or Reverse an Exaggerated

Hemodynamic Reactlon

FIELD OF THE INVENTION

The present invention_ relates to the use of the dye methylene blue (MB) or a related

compound to prevent or reverse an exaggerated hemodynamic reaction in anirhals in

_'need thereof, 1nclud1ng humans More spc01ﬁcally, the present mventlon concerns the

use of MB or a related compound to prevent or reverse hypotcnsmn unstable angma
myocardial infartion or shock caused by the concom1tant mgesuon of a
phosphodresterase mhtbltor, ‘such as sﬂdenaﬁl 01trate and a NO-donor, such as L-

arginine, or an organic nitrate, such as nrtro glycerm.

Sildenafil citrate, sold under the trade name Vragra@ has bcen reco gmzed as the first

effective oral treatment for erectrle dysfunctlon (ED) of various etiolo; gles Its

-mechani sm of action works as follows Under conditions of normal sexual st1mulatron

the penile erectile process is regulated by release of the neurotransmltter mtnc oxide
(NO), which in tumn mduces the productlon of cychc guanosine monophosphate
(cGMP). Increased levels of cGMP lead to relaxatron of smooth muscle in the corpus
cavernosum and to engorgernent of thc pcms ‘with blood resultmg in an erect1on '
Stldenaﬁl which1s a selective 1nh1b1tor of phosphodlesterase type 5 (PDES), an enzyme

that is found in hlgh_ concentrattons in the corpus cavemosum, reduces the met_abohsm '

of cGMP and thereby facilitates the achievement and maintenance of an erection that is

satisfactory for sexual performance.?

Nitric Oxide is also an important regulator of cardioVascular function because 1t
mediates tonic relaxation of vascular smooth muscle. Endothehum—bound NO synthase

tightly controls the formatlon of NO from the amino acid L—arglmne Release of NO



CA 02424000 2007-07-03

-9 .

activates guanylate cyclase and the generation of cGMP. Once stimulated, the NO-
'cGMP pathway causes vasodilation of artenes and veins resulti_ng. in decreased preload
and afterload. Over stimulation of 'th_e NO-.cGMP pathway by adrﬂfrﬁst&tion of
exogenous NO or through other mechanisms could result in significant decreases in

systemic blood pressure (BP) and symptoms of hy.pot-en''sion..3

Sildenafil produces modest, transient hemodynamic effects i healthy men or those with
stable ischemic heart disease not COncomitantly taking nitrates or other antianginal

* While administration of sildenafil alone causes modest reductions in BP,

therapies.
such reductions have been ob served to be inferior to those observed after administration
of therapeutlc doses of nitrates used alone for the control of angina. Because sildenafil
and NO-donors act at different pomts in the same NO-cGMP pathway and PDES may
participate in the termination of NO-induced actions generated in blood vessels, there is
likely to be significant interaction when these two types of drugs are coadrmmstered >
Recent studies have confirmed that this is in fact the case. Interestmgly, no synerglstlc |
or additive effect was noted between sxldenaﬁl and the calcium antagonist amlodlpme In |
patients suffering from hypcrtensnon Addmonally, no adverse cardlovascular effects

of oral sildenafil were detected in men with severe coronary heart dlsease 8

The cardiovascular effects of sildenaﬁl are mportant -becanse of the frequent presence
of underlying cardiac disease in men with erectlle dysﬁmctlon and reports mdtcanng
serious cardiac events temporally assomatcd with the use of this drug.”- Sildenafil is in
fact contraindicated in patients who are taking organic nitrates in any form at any
time. Patients with ED of vascular etiology often suffer from some form of
atherosclerotic cardiovascular disease such as angina. Consequently, a sizable patient
population may possess risk factors that are common to both ED and angina. Among
commonly used therapeutics for angina are nitroglycerin, 1sosorb1de mononitrate, .

- glyceryl tnmtrate and sodium mtroprussuie all of Wh.lCh act within tissues to generate
the productlon of NO e -

As stated above, sildenafil is an agent that speclﬁcally mh1b1ts phosphodlesterase 5
(PDES) and is thus effective in treating ED. The market release of sxldenaﬁl in the last
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2-3 years has brought to llght the p0831b111ty of a dangerous interaction between
sildenafil and organic nitrates. In effect, the concom1tant use of sildenafil and an

organic nitrate could result in a precipitous drop in blood pressure, with hypotensmn

symptoms rangmg from dizziness or light-headedness, to syncope, to a mgmﬁcant.

lowering of coronary perfusion and eonyemion of an arca of myocardial ischemia, to

infarction, with all of its potenfiel' eonSequenees “As a result of this possibility,
sildenafil should not be used concurrently by patients taklng an organic nitrate
medication. It has been recommended that at least 24 hours should sep arate the use of

s1ldenaﬁ1 and the administration of an: organic mtrate

According to the FDA, dozens of deaths have been reported .sinc.e 1998 due ‘to the
interaction of compounds of these types. In cases' where sildenaﬁl and an organic
nitrate are inadvertently takm vuthm 24 hours of each, non-speclﬁc treatments have
been recommended such as prov1d1ng aggresswe fluid resuscitation or an intravenous
a-adrenergic agomst such as phenylephnne There is therefore a need for an effective
method or medlcament to counterract the hypotensive eﬁ’ects of the combmatlon of a

compound such as sildenafil and an organic nitrate.

The d'ye methylene blue (MB) has been used as a vasoconstrictor in sepsis’ and acute

liver failure. When these eonditions\ are associated with low mean arterial blood

pressure (MAP), administration of MB increases MAP by an. increase in systemic

vascular resistance (SVR) and in some cases cardiac mdex (CD). Seps1s and 1schemia
reperfusmn syridrome (IRS) dlsplay hemodynamlc and biochemical smnlantles In 3
sepsis, these changes are assocmted with €xcess nitric omde (NO) production. MB 1S ‘
believed to act by inhibiting NO synthase, reducmg NO production, and by inhibiting -

guanylate cyclase, the target enzyme for NO.'®

The present 'invention relates to the use of the dye methylene blue (MB) or a related
compound to prevent \er reverse an exaggerated _hemodynamie reaction in animals in
need thereof, including humans. | Such an exaggerated hemodynami¢ reaction may be '
characterized by hypotension, ‘unstable angma, myocardial infarctinn or shock. In a
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specific embodifneﬁt, the present inv,ention eoncems the use of MB to prevent or
reverse hypotension caused by the concomitant ingestion of a phosphodiesterase
inhibitor, such as sildenafil mtrate (V 1agra®), vardenaﬁl (Levitra®) or tadalafil

- (Cialis®), that may be used for ED among other indications, and a NO-donor, such as

L-arginine, or an organic mtrate, such as mtroglycenn, that 1s commonly used as a
therapeutic agent for angina pectoris. It has been noted that patienté already takin ga
h‘ypotensive medication are at partieﬂar risk of cardiovascular collapsus when sildenafil
(or another phosphodjesterase inhibitqr)_ is ingested. Although MB has been used for a
number of medical purposes, such as to effect hemodynamic changes during orthotopic

liver transplantation and severe sep51s to the knowledge of the inventors of the

‘invention described herein this is the first tlme that the use of MB has been shown to

counterract the additive effects of a compound such as sildenafil citrate 'and an oi'ganic

nitrate.

The scope of the present invention -is intended to include sildenafil citrate (Viégra®)
and other molecules that inhibat phosphod1esterases with the result that the effect of NO

in the body is prolonged. Compounds that are known to behave in this way mclude

.vardenaﬁl (Lewtra@) and tadalafil (Clalls®)

Similarly, the scope of the present mventlon is intended to encompass NO-donors, such

as L-argimine, and organic nitrates such as mtroglycenn isosorbide mononitrate,
isosorbide dinitrate, pentaer_ythntol tetramtrate, erythrityl tetramtrate, 1sosorb1de
dinifrate/phenobarbit al, glyceryl trinitra-té and ‘sodium nitreprusside as well as. iliicit

substances contammg mtrates such as amyl nitrite, butyl nitrate and nitrite (sometunes

~ known as “poppers”), all of which are vasodllators

Other objects, advantages and features of the present invention will become' more
apparent upon reading of the -fOIIoﬁving n6n~restrietive description of preferred
embodlments thereof, grven by way of example only w1th reference to the

accompanymg drawmgs
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'BRIEF DESCRIPTION OF THE DRAWINGS

In the appended drawings:

The drops In pressure that may be observed In a11 of the curves result from 11] ectlons of
nitroglycerin. Where designated, occlusrons were created in the coronary artery with a

balloon catheter.

Figure 1: The curves represent changes In trrne in systolic blood pressure when
mtroglycerm was injected in a pig, 1dent1ﬁed as P1g #12. The curve with squares
represents the systohc blood pressure with a balloon occlusron in the coronary
artery. The curve with diamonds Shows the effect of ‘nitroglycerin added to a pill of
stldenafil citrate. It may be observed that pressure. remalns low as compared Wlth the

first curve. The last curve (curve w1th 01rcles) shovvs the beneﬁcml effect on pressure

when MB 1is 1n3ected in the animal. Pressure recovery was much more rapid in the

presence of MB.

Figure 2: The same experrment as descnbed In respect of Figure 1 was repeated usmg a
second pig, identified as Pig #13. The beneﬁmal effects of MB may be seen 1n the

curve w1th circles when compared w1th the plain curve

Figure 3 The curves represent changes in time in systohc blood pressure when
nitroglycerin was 1n1ected in a dog, 1dent1ﬁed as Dog #16. The p1a1n curve and the _
curve with circles show the effect of MB on the pressure. A drop in blood pressure 1S
less pronounced, and there is more rapld recovery time, than without MB (curve with

diamonds).

Figure 4: The curves represent changes in time in systolic blood pressure when

nitroglycerin was 1njected in a dog, identiﬁed as Dog #17. The plain curve and the
curve with crrcles show the effect of MB on the pressure. A drop in pressure is less

pronounced, and there is more rapld recovery time, than wrthout MB (curve Wlﬂ‘l

diamonds).
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DETAILED DESCRIPTION OF THE INVENTION
Definitions
Unless defined otherwise, all technical and SCientiﬁc terms used herein have 'the same
meaning as commonly understood by one of ordinary skill in the art to which this

invention belongs.

The term “analog™ means a substance or compound Wthh 1S chermcally or structu:rally |

- 81milar to a given substance or compound and has a biological effect Wthh is also

similar to that which the given substance.. or _c_ompoun_d._ has or is believed to have.

The expression “concomitant 1ngest10n or conconntant use” means administration of a

- phosphodiesterase inhibitor (such as srldenaﬁl) followed by the 1ngest10n of a NO-donor

Oor organic nitrate, or vice versa, within apprommately 24 hours or more (for example
36 hours or 48 hours). The approxrmate time penod between the use of each type of
medicament spec1fied above (for example, 24 hours) will depend on the duratlon of the

action of the NO-donor or organic nitrate within the body.

‘The expressmn “Methylene Blue (MB) or arelated compound” refers toa phenotlnazme

dye of the followmg type 3 7-bis(dlmethylammo)phenothlazm-5-1um chlonde
(Methylene Blue), 1,9_-dimethyl-3,7.-brs(d1methylamino)phenothlazm— 5-tlum chloride
(1 9-dimethy]methy1ene blue). It may also include -analo gs of these compounds, such
as, for example, 1,9-dimethyl-3 d1ethy1am1no-7- d1butylam1nophenoth1azme and 1 ,9-

dlmethyl-3 d1methy1ammo-7 -dlethylanunophenothiazme |

The term prodrug indicates a therapeutic agent that is prepared In an inactive form

that 1s converted to an active form (1 €., the drug) within the body or cells thereof by the

“action of endogenous enzymes or o.ther chenncals and/or conditions.

Other biochemistry and chemistry terms herein are used according to conventional
usage in the art, as exemphﬁed by The McGraw—Hill chtionary of Chemical Terms
(ed. Parker, S., 1985) McGraW-Hrll San Franc1sco)
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DESCRIPTION OF EMBODIMENTS

The present invention relates to a method fer_ preventing or reversing an exaggerated
hemodynamic reaction in animals, including humans, comprising the administration of
methylene blue (MB). MB, a known Vaseeon'Strictor which inhibits guanylate "cycl-a-se,

has been shown to counter the hypotension caused by the concomitant ingestion of a

‘compound, such as sildenafil citrate (Viagra®), and an organic nitrate, such as

nitroglycerin.

The following diagram shows the en’zymes andmechanisms of action that are believed

to be involved in the present ineenti-on. Si’ldenaﬁl = inhibits the phosphodiesterase that 1S
responsible for the elimination of cGMP which is indueed by NO. The everall
effectiveness of NO is thus augmented MB 1m turn acts by mhlbltlng the guanylate -
cyclase that is lmked to the forrnatron of c¢GMP, thus preventing NO from exertmg its
effect on this guanylate cyclase. MB is also-belleved to have an 1nh1b1tory effect on NO

' synthase, thereby preventing the formation of NO. In these Ways MB exerts an overall

effect that is the oppos1te of that resultmg from sﬂdenaﬁl

Methylene Blue | =~ |Orgamicnifrate | | Methylene Blue

| sﬂdenaﬁl

The present invention thus relates to the use of MB to prevent or reverse an exaggerated

hemodynamrc reactlon n a mammal caused by the concormtant admlmstratlon of an

agent that inhibits a phosphodlesterase and a NO-donor Oor an organic nitrate. ThlS
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hemodynamlc react1on will be charactenzed by hypotens1on, unstable angma

myocardml infarction or shock, and itis therefore potentially fatal.

" In an embodiment of the present mventlon, the organic nitrate 1s selected from the group

consisting of: nitroglycerin, iso sorbide monomtmte, ISOSOIb ide dnntrate pentaerytlmtol
tetranitrate, erythrityl tetranitrate, iso sorblde dmltrate/phenobarbm al, glyc eryl tnmtrate‘

and sodium nitroprusside.

In another embodiment of the present invention, the agent that 1nhibits a

phosphodlesterease is selected from the group consmtmg of: sildenafil Citrate, vardenaﬁlx
and tadalafil.

~In yet another embodiment, the organic nitrate is selected from the group consisting of

nitroglycerin, isosorbide mononitrat‘e,- 1sosorbide dinitrate, p,entaerythﬁtol tetranitrate,
erythrityl tetranitrate, isosorbide dinitra’te/phenobarbital glyceryl trinitrate and sodium "
mtropruss1de and the agent that inhibits a phosphodlesterease 1S selected from the group |
consmtmg of: s1ldenaﬁl citrate, vardenaﬁl and tadalafil.

In a spec1ﬁc embodiment -of the present invention, the agent that lnhlbltS a

phosphod1esterease 1S sﬂdenaﬁl CItrate In another spec1ﬁc embodiment of the present

invention, the organic nitrate 1s mtroglyc_enn. In a most specific embodiment, the--agent

that inhibits a phosphodiesterease is sildenafil citrate and the organic nitrate is

nitroglycerin.

The present invention is intended for use on animals with cardiovascular systems,

including humans.

In the present invention, MB may be administered in a number of ways depending upon

whether local or systemic treatment is desired and upon the area to be treated.

- Admimistration may be topical (for prophylactic purposes, | for example), oral (m the

case of a prodrug) or parenteral. Parenteral’ administration includes intravenous,
mntraarterial, subcutaneous, intr‘aperitoneal or intramuscular injection or infusion; or

intracranial, e.g., intrathecal or intraventricular, administration. Genei'ally, the ’amount
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admrmstered w1ll be empirically determmed typlcally in the range of about 100 to 5000 '

- ng/kg of the recipient. (Studles have shown that dosages above 2 mg/kg can lead to

respiratory problems in humans.) Other addrtlves may be mcluded such as stablhzers
or exclplents These addltlves will be present in conventlonal amounts The frequency
of administration will also be determmed emp1r1cally, dependmg on the seventy of the
condition of the animal or 1nd1v1dual For example, in some cases, repeat dosages may

be required every few hours for 1- 3 days

While the present invention 1S described in terms of the use of MB or a related
compound, 1t is believed that other compounds namely Nitric Ox1de Synthase (NOS)'
inhibitors as well as guanylate cyclase 1nh1b1tors Would also be cffectwe in prevcntlng-
Or reversing an exag gerated hemodynamxc reactlon caused by the concom1tant 1ngestlon

of an agent that 1nh1b1ts a phosphodresterase and a NO—donor or an organic nitrate. '

Possible NOS inhibitors 1nclude S-—methyl L-th1001tru111ne dlhydrochlorlde NG-Nltro-L—

arglmne NG~N1tro -L-arginine methyl ester (L-NAME) NG-monomethyl L-argmme
monoacetate . __(L -NMMA), NG-NltI'O L-argmmeacetate 1-(2-

'Triﬂuoromethylphenyl)imidazole and 7-n1tromdazole Possible guanylate cyclase

inhibitors include 6-anilino-5 8-qu1nolmed10ne (LY83583) and 1H- [1 2 4]oxad1azolo-.

[4,3-a]quinoxalin-1-one.

- To gain a better understandmg of the 1nvent10n descrlbed herem the following

examples are set forth It should be understood that these examples are for 111ustrat1ve

- purposes only. Therefore ‘they should not hmlt the SCOpe of this 1nventlon n any way
EXAMPLE 1: Hemodnamiceffects: of methylene blue on h potensive pigs |

Materials and Methods '

Pigs weighing between 20 and 25 kg were anesthetized in accordance with the standard

procedure of the Canadian Council on Animal Care Reg‘ulations After baseline

hemodynamrc measurements the left cncumﬂex (LCX) artery was occluded using a

catheter balloon so as to mimic the cond1t1on of anents with cardiovascular disease.
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As soon as the animal was stable a bolus 1nJ ect1on of n1troglycer1n (0.2 mg) was glven

1ntravenously in order to observe the effect of mtro glycerm alone on the ammal The

- animal’s blood pressure was allowed to return to normal and the animal was grven 100

mg of s1ldenaﬁl citrate via an esophagus tube One hour aﬁer the adm1n1strat10n of

-sildenafil citrate, a bolus mjectlon of -O 2 mg of nltroglycerln was given to the ammal n

order to observe the combmed effect of sildenafil mtrate and nitro glycerln on the
animal. When the animal’s blood pressure returned to normal a second 0.2 mg bolus
m]ectlon of n1troglycer1n was given along with a bolus of MB (3 mg/kg) Blood

pressure and heart rate were monitored throu ghout the procedure

Results

The results demonstrate the effectrveness of MB In 1ncreas1ng the blood pressure 1n pigs
whose LCX artenes were art1ﬁ01ally occluded (in order to snnulate the situation 1n
individuals with a pre-existing cardlac condrtlon) and Wthh were glven a combrnatron .'

of sildenafil and nitroglycerin within a short tlme of each other.

EXAMPLE 2 Hemod namrc effects of meth lene b]ue on h otensrve do - s

The procedUre used was the sarne as that for P1gS. (See EXAMPLE 1, above) The
expenments WEre conducted on do gs to see what effect the comblnatlon of a
phosphodiesterase inhibitor and an organlc nitrate would have on an ammal with a
greater number of collaterals than the pig. ‘Since coronary arterres are end vessels -

collaterals provide the alternative crrculatory pathway when stenoses are present. As a

‘result, some ammals mcludmg humans have a larger number of collaterals than others

Results

While the results Wlth this dog model are perhaps less dramatrc than those from the
experiments with pigs (as demonstrated by comparmg Frgures 3 and 4 with Fi igures 1
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. and 2), they nevertheless show the effectiv'eness of MB in reversing -the reduction in

blood pressure created by the combrned adrmnl stratron of s11denaﬁ1 and nitro glycerm

MB effectively mcreased the blood pressure 1n the anrmals tested

DiscussiOn |

" The results of the experrments conducted w1th pigs and wrth dogs demonstrate 1n two

animal models the efﬁcacy of MB in reversrng drops in blood pressure (hypotensmn)
that are caused by the combined admrnlstratlon of sildenafil citrate and mtroglycerln
Such drops in pressure Wthh n humans might occur throu gh the inadvertent
concomitant use of an organlc n1trate (such as n1troglycer1n) along with a

phosphodlesterase 1nh1b1tor which has been taken for example for ED, are potentlally

deadly. Using MB to counterract the effects of such an exaggerated hemodynannc .

reaction prov1des a less expensrve easrer--to-—admmlster alternative to the remedles that

-are currently sug gested in the llterature

The invention being thus described it will be obvious that the same may be varied in

many ways. Such varratlons are not to be regarded as a departure from the sp1r1t and

- scope of the invention, and all such modrﬁcatrons as would be obv1ous to one skllled n

the art are intended to be 1ncluded Wlthrn the scOpe of the followmg claims.
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CLAIMS: The embodiments of the invention in which an exclusive property and

privilege is claimed are defined as follows:

1.

Use of methylene blue to reverse, at least in part, an exaggerated
hemodynamic reaction in an animal caused by the concomitant
administration of an agent that inhibits a phosphodiesterase and a NO-donor

or an organic nitrate.

. A use as described in claim 1, wherein said exaggerated hemodynamic

reaction is characterized by hypotension, unstable angina, myocardial

infarction or shock.

A use as described in claim 2, wherein said agent that Inhibits a
phosphodiesterease is selected from the group consisting of: sildenafi

citrate, vardenafil and tadalafil.

. A use as described in claim 2, wherein said NO-donor or organic nitrate is

selected from the group consisting of L-arginine, nitroglycerin, isosorbide
mononitrate, isosorbide dinitrate, pentaerythritol tetranitrate, erythrityl

tetranitrate, isosorbide dinitrate/phenobarbital, glyceryl trinitrate, sodium
nitroprusside, amyl nitrite, butyl nitrate and nitrite.

A use as described in claim 2, wherein said agent that inhibits a
phosphodiesterease is selected from the group consisting of sildenafil
citrate, vardenafil and tadalafil and said NO-donor or organic nitrate is
selected from the group consisting of L-arginine, nitroglycerin, isosorbide

mononitrate, isosorbide dinitrate, pentaerythritol tetranitrate, erythrityl
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tetranitrate, isosorbide dinitrate/phenobarbitol, glyceryl trinitrate, sodium

nitroprusside, amyl nitrite, butyl nitrate and nitrite.

6. A use as described in claim 5, wherein said agent that inhibits a

phosphodiesterease is sildenafil citrate.
7. A use as described in claim 3, wherein said organic nitrate is nitroglycerin.
8. A use as described in clam 5, wherein said agent that inhibits a
phosphodiesterease is sildenafil citrate and said organic nitrate is

nitrogiycerin.

9. A use as described in any one of claims 1-8, wherein said animal is a

mammal.

10. A use as described In claim 9, wherein said mammal is a human.
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