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METHODS AND DEVICES
FOR RELAXING SMOOTH MUSCLE CONTRACTIONS

The invention was made in the course of work
supported by the U.S. Government under NIH grant no.
HL42397; the U.S. Government therefore has certain rights
in the invention.

Background of the Invention

The field of the invention is treatment to reduce
or prevent smooth muscle contraction, especially with
respect to the musculature of an organ such as a uterus
or a urinary bladder.

In certain situations, notably premature labor,
the uterine musculature is triggered by various stimuli
to contract at a time when it is undesirable or even
life-threatening to do so. If the fetus is near term but
has not yet produced the surfactant that will enable it
to breathe properly after birth, quieting uterine
contractions and thereby delaying delivery for a few days
may be sufficient: during those few days, the mother is
treated with cortisol to induce immediate surfactant
production by the fetus, which can then be delivered
without the threat of developing the often-fatal
condition known as hyaline membrane disease. 1In other
cases, labor may begin so early in gestation that it must
be controlled for weeks or even months to permit the
fetus to mature in utero adequately to survive outside
the womb. Present methods of preventing uterine
contractions in cases of premature labor or other
circumstances in which delay of delivery is desirable
include mechanical suturing of the cervix (circlage) in
early pregnancy, bed rest, and/or intravenous treatment
with a tocolytic agent such as a 8, adrenergic agonist
(e.g., ritodrine, terbutaline, metaproterenol, albuterol
or fenoterol); magnesium sulfate; ethanol; a calcium
channel antagonist (e.g., nifedipine); or an inhibitor of
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prostaglandin synthesis (e.g., indomethacin). [Goodman
and Gilman’s The Pharmacological Basis of Therapeutics
(7th Ed.) Gilman et al., ed.; Macmillan Publishing Co.,
N.Y., 1985, pages 942-943.] 1In addition, the use of
intravenous nitroglycerin (an NO donor compound) has been
reported to relax a postpartum uterus (Altabef et al.,
Am. J. Obstet. Gynecol. 166:1237-1238, 1992). Such
drugs, however, have certain systemic side effects that
may be unpleasant or harmful to the mother, and possibly
to the fetus.

In an analogous manner, the often painful
constrictions of urinary bladder musculature associated
with the presence of an indwelling urinary catheter are
typically relieved with intravenous smooth muscle
relaxants that frequently cause undesired systemic
effects (Resnick and Yalla, Chapter 14 in Campbell’s
Urology, 6th Ed., W.B. Saunders Co., 1992, pages 652-
655) .

Summary of the Invention

The invention features methods and devices for
using nitric oxide (NO) to decrease or prevent the
contraction of smooth muscle in vivo. The methods
involve introducing an effective amount of NO into a
biological fluid which contacts the target smooth muscle,
or which contacts a membrane or other biological
structure adjacent to the target muscle and through which
the NO can readily diffuse to reach the muscle. Because
hemoglobin rapidly combines with NO, rendering it
unavailable to relax smooth muscle, the biological fluid
cannot be blood and preferably contains no more than
trace amounts of red cells. An "effective amount" of NO
is an amount which, when mixed in the volume of
biological fluid which applies in a given case, gives a
concentration of NO in the immediate vicinity of the
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target smooth muscle sufficient to cause relaxation of
the muscle: 1i.e., a concentration preferably at least
approximately 0.01 uM; more preferably between 0.1 and
1000 uM; and most preferably between 1 and 100 uM (e.qg.,
approximately 10 uM). Where the volume of biological
fluid into which the NO is diluted is small (e.g., the
mucus within a non-pregnant uterus, or the fluid within
an eye), a smaller absolute amount of NO will be required
than where the volume of fluid is large (e.g., the
amniotic fluid of a near-term pregnancy). In addition,
where mixing of the NO with the biological fluid is
relatively inefficient (e.g., where the fluid is
relatively viscous), the rate of diffusion of NO through
the fluid may be poor from the point at which the NO is
introduced into the fluid to the point at which it exerts
its biological effect on the muscul:ture of the target
organ, requiring a larger absolute amount of NO to
achieve therapeutic concentrations in the vicinity of the
muscle, or careful introduction of the NO near the
location of the muscle. The concentration of NO in the
source of NO, which determines the maximum equilibrium
concentration of NO that can be achieved in the
biological fluid, can vary widely. Gaseous NO can be
provided, for example, as pure NO [10® parts per million
(ppm) ], which would give a theoretical maximum
equilibrium concentration (tmec) in aqueous solution at
37°C and at atmospheric pressure of approximately 1-2 mM.
However, because NO is potentially toxic in high
concentrations, pure NO may be deemed too dangerous to
work with on a routine basis. Alternatively, the NO gas
may be diluted in a carrier gas to between 1 to

100,000 ppm (preferably 10 to 10,000 ppm, and more
preferably 100-1000 ppm), which would decrease
proportionately the tmec achievable in the biological
fluid (e.g., the tmec for a biological fluid exposed to
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100 ppm NO at 37°C and atmospheric pressure is 0.1-

0.2 puM). Where the source of NO is a liquid into which
NO has been dissolved, rather than a gas, the amount of
NO in the liquid will be limited by the solubility of NO
in the liquid used. Certain types of nonaqueous carrier
liquids, such as those known to be capable of dissolving
large quantities of oxygen (0,), could carry an amount of
NO some 30 times as high as the amount achievable in
aqueous solutions; examples ihclude fluorocarbon liquid
such as FX-80, organic oils, organic solvents such as
ethanol and glycerol, organic polymer liquids, and
silicone.

One embodiment of the method of the invention is
intended for decreasing or preventing the contraction of
a smooth muscle in a hollow organ (preferably a non-
respiratory tract organ) of an animal (e.g., a mammal
such as a human), which organ contains a biological fluid
which is not blood; this method involves introducing an
effective amount of NO directly or indirectly into that
biological fluid. By "non-respiratory tract organ" is
meant an organ which does not form any part of the
respiratory tract of the animal. Examples of relevant
types of smooth muscle contractions in such hollow organs
include uterine contractions, muscle spasms in the wall
of a urinary bladder or small intestine, contractions of
sphincter muscles, and vascular smooth muscle spasms of a
retinal blood vessel of an eye. Where the target organ
is a uterus, the uterine contraction may be associated
with, for example, premature labor or uterine cramps, and
the target biological fluid may be the amniotic fluid of
a pregnant uterus or the mucus secretions present inside
a non-pregnant uterus. Although NO would not be able to
penetrate the blood-rich placenta and so cannot act on
that portion of the uterus (approximately 10% of the full
term uterus) which is covered by placenta, it is believed
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that the other structures of the uterine wall between the
amniotic fluid and the uterine musculature (the amnion,
chorion and decidua vera) will not preseht a significant
barrier to the diffusion of NO from the amniotic fluid to
the muscle cells. The total thickness of these
structures ranges from about 1 cm at the fourth month of
pregnancy to 1 or 2 mm at term (Cunningham et al.,
Williams’ Obstetrics, 18th Edition, 1989: Appleton-Lange,
Norwalk, Conn.; pages 53 and 56); NO is a small, lipid-
soluble molecule that diffuses readily through cellular
membranes and the interstices between cells.

The method may also be used to counter the
constriction of a blood vessel the exterior surface of
which is bathed by or otherwise in contact with a non-
blood fluid: for example, blood vessels in the brain or
spinal cord which are accessible to NO that has been
introduced into the cerebrospinal fluid. This method is
particularly useful for reversing vascular smooth muscle
spasms associated with transient ischemic attacks (TIa),
reperfusion injury, infarction, stroke, or migraine
headaches. Likewise, NO introduced into amniotic fluid
would dilate both placental (fetal) and uterine
(maternal) blood vessels by relaxing the vascular smooth
muscle contacted by the amniotic fluid, thus enhancing
both fetal gas transport and maternal perfusion to the
uterus.

The NO may be dissolved in a pharmaceutically
acceptable carrier liquid prior to introduction into the
biological fluid of the target organ, and then injected
directly into the organ to mix with the biological fluid
present therein. Carrier liquids that would be useful
for this purpose include standard saline solutions,
aliquots of the biological fluid extracted from the organ
and nmixed ex vivo with NO, and liquids such as
fluorocarbons or organic solvents [in which NO exhibits a
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high level of solubility (Shaw and Vosper J. Chem. Soc.
Faraday Trans. 1. 73:1239-1244, 1977; Young, Solubility
Data Series 8:336-351, 1981), so that a large
concentration of NO can be delivered in a small volume of
carrier]. The liquid may alternatively contain a
polymerizable compound such as silicone
(dimethylsiloxane) or a plastic (e.g. acrylate resin);
when such an NO- and polymerizable compound-containing
liquid is mixed, just prior td injection, with a reagent
which catalyzes the polymerization of the compound, it
remains liquid during the injection process, but then
forms within the target organ a spagetti-like solid that
is too bulky, for example, to be ingested by a fetus. NO
slowly diffuses out of the solid, which acts like a
reservoir of NO constantly replenishing the supply of NO
within the organ.

Alternatively, a pharmaceutically acceptable solid
material [such as small plastic pellets or an
intrauterinevdevice (IUD) ] may be impregnated with NO
(e.g., by exposure to NO gas), and then injected or
otherwise implanted into the target organ. As above, the
solid material acts as a reservoir or source of NO to
maintain a desired concentration of NO in the biological
fluid inside the target organ.

Another means for introducing NO into the target
organ is by injecting it in its gaseous state: either as
pure NO gas, or NO in a mixture of gases including one or
more pharmaceutically acceptable carrier gases. The
carrier gas is preferably carbon dioxide (CO,), which
will readily dissolve in the biological fluid with no
harmful physiological effects, but may instead be another
relatively inert gas such as nitrogen (N,). The carrier
gas preferably is not pure oxygen (0,), which rapidly
combines with NO to form toxic nitrogen dioxide (NO,).
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Rather than injecting or implanting the source of
NO directly into the target organ, one can utilize the
ability of NO to diffuse across a gas-permeable material.
Examples of such materials include gas-permeable
membranes such as those used in blood oxygenators (e.g.,
dimethylpolysiloxane or polyalkylsulfone), and
microporous materials such as Gore-tex™ or Celgard™,
which allow gas molecules such as NO to pass through its
micropores to dissolve in liquid. In preferred
embodiments, a section of this material is configured
with one face in contact with the biological fluid and a
second face in contact with a source of NO, separating
the fluid from the source of NO but permitting individual
molecules of NO gas to pass through and diffuse into the
fluid. This can be accomplished in various ways. For
example, an inflatable "balloon" (such as the balloon on
a Foley catheter) made of a gas-permeable material can be
inserted into the organ and inflated with an NO-
containing gas or liquid. Alternatively, a hollow tube
or fiber (e.g., a "capillary") constructed of a gas-
permeable material can be inserted into the target organ
so that the exterior surface of the capillary is in
contact with the biological fluid within the organ, while
the lumen of the capillary is filled with or in
communication with a source of NO. Possible sources of
NO include a pressurized mixture of gases including NO; a
liquid (such as a fluorocarbon) in which gaseous NO is
dissolved; and an aqueous solution of an NO-donor
compound that can spontaneously decompose in aqueous
solution to release NO into the solution, including but
not limited to S-nitroso-N-acetylpenicillamine, s-
nitrosocysteine, nitroprusside, nitrosoguanidine, and
Na (O, N,-NEt,). When an aqueous solution of éuch a
compound is used as the source of NO, the gas-permeable
material is preferably one which is permeable to NO but
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not to the NO-donor compound itself, since it is
desirable to prevent the risks (e.g., systemic
vasodilation, decreased blood pressure, and lung edema)
potentially associated with systemic distribution of such
NO-donor compounds.

The NO-containing gas or liquid is passed through
the capillary, permitting NO to diffuse directly into the
biological fluid in situ. By adjusting the concentration
of NO in the source gas or liquid, the concentration of
NO in the target biological fluid and the resulting
biological effect on the target organ can be tightly
controlled. If desired, the flow of NO-containing
perfusing gas or liquid can be halted, or the NO
temporarily removed from the perfusing gas or liquid,
allowing the NO preéent in the target organ to dissipate
gradually with the device still in place and ready to
resume immediate treatment as needed.

Alternatively, the procedure can be carried out ex
vivo, with a portion of the biological fluid (1)
periodically (tidally) or continuously withdrawn from the
target organ, (2) contacted with a section of gas-
permeable material (e.g., a capillary or cluster of
capillaries) through which NO passes from a source of NO,
and (3) returned to the organ via a needle or catheter.
The invention thus also includes a device for carrying
out these procedures, which device includes (a) a source
of NO; and (b) a section of gas-permeable material having
a first and a second face, the first face being
configured to be placed in contact with the biological
fluid and the second face being in communication with the
source of NO, the section of material separating the
fluid from the source of NO but permitting NO to diffuse
through the material from the second face to the first
face. If the section of gas-permeable material is in the
form of a capillary or cluster of capillaries, the device
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may be configured to have the fluid contact the outside
of the capillary and the source of NO within the
capillary, or vice versa. The section of gas-permeable
material may be configured to be implanted directly in

5 the target organ, with the first face in contact with the
fluid within the organ; or it may be configured to be
utilized ex vivo, with the first face in communication
with the lumen of a tube through which the biological
fluid can be drawn out of the target organ and into

10 contact with the first face; the latter device would
include a mechanism such as a syringe or pump for
accomplishing this drawing action, and would preferably
also include a mechanism for returning the biological
fluid to the organ either via the same tube through which

15 it was withdrawn from the organ, or through a second
tube, after the fluid has contacted the gas-permeable
material. The source of NO may be a liquid or a gas; if
a gas, the device preferably includes a mechanism such as
a valve for controllably releasing the NO-containing gas

20 mixture to contact the gas-permeable material.

The invention also includes an implantable device
such as an IUD which contains an NO-releasing compound
such as S-nitroso-N-acetylpenicillamine, S-
nitrosocysteine, nitroprusside, nitrosoguanidine, Na (0,N,-

25 NEt,), nitroglycerine, isoamyl nitrite; inorganic
nitrite, azide, or hydroxylamine, which compound is held
within a chamber (e.g., the lumen of a tube) having a
wall made of a solute-permeable material (for example,
cellulose acetate) that permits the NO-releasing compound

30 to dialyze or diffuse slowly out of the chamber into the
fluid of the organ in which the device is implanted. The
NO-releasing compound may be stored in the chamber in its
dry (i.e., powdered or crystalline) state, or may be in
aqueous solution. Upon decomposition of the NO-releasing

35 compound (either spontaneously or as the result of
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contact with endogenous enzymes or other biological
molecules present in the fluid of the organ), NO released
by the NO-releasing compound acts on the smooth muscle in
the organ just as in the embodiments described above.

The target organ for this particular embodiment of the
invention is preferably an organ having a relatively
small total volume of non-blood biological fluid: e.qg.,
a non-gravid uterus, urinary bladder, ureter, or a
portion of the gastrointestinal tract. Although this
embodiment of the invention results in the presence of an
NO-releasing compound in the biological fluid, with the
potential for uptake of the compound into the circulatory
system, systemic effects resulting from such uptake, if
any, will be minimal. This is because the total volume
of biological fluid of the target organ is relatively
small (i.e., less than a liter, and preferably less than
0.5 liter), so a high concentration of the NO-releasing
compound can be achieved in the target organ with a
relatively small amount of the NO-releasing compound.

The larger the volume of fluid in the organ, the greater
the amount of NO-releasing compound that must be used to
achieve a therapeutic concentration, and the greater the
potential for uptake of significant amounts into the
bloodstream. This device will also be useful for
reversing or preventing vasoconstriction in an organ
containing a non-blood biological fluid, again provided
that the total volume of such fluid in the target organ
is relatively small, to keep the effects local.

The methods and devices of the invention offer a
number of advantages over standard means of controlling
smooth muscle contraction. In the standard treatment,
the intravenous drugs used (e.g., B, agonists and, very
recently, nitroglycerine) act systemically, introducing
undesirable side effects such as diffuse vasodilation
with a concomitant drop in blood pressure to possibly -
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While NO can act as a potent smooth muscle relaxant, as
has been shown in numerous in vitro studies and in the
in vivo studies on lungs disclosed in Zapol et al.,
U.S.S.N. 07/622,865 and 07/767,234, its biological
effects are solely local ones, because any NO which
enters the bloodstream is immediately inactivated by
reaction with hemoglobin. Furthermore, the method of the
invention induces an immediate relaxation of the target
muscle as soon as it is contacted with NO, a response
which can be readily and minutely calibrated by adjusting
the amount of NO delivered into the target organ at any
given time; this response can be maintained as long as
the NO supply is maintained, and discontinued soon after
treatment is withdrawn, without long-term effects. The
biological effects of NO can therefore be precisely
controlled both temporally and with respect to their
intensity and their site of action within the patient.

Other features and advantages of the invention
will be apparent from the following description of the
preferred embodiments, and from the claims.

Description of the Preferred Embodiments
FIG. 1 illustrates a diagrammatic cross-sectional

view of an extracorporeal gas dialyzer unit that is one
embodiment of the device of the invention.
FIG. 2 illustrates a diagrammatic cross-sectional
view of a device for delivering NO to a urinary bladder.
FIGs. 3A and 3B illustrate two diagrammatical
cross-sectional views of an intrauterine device (IUD) for
delivering NO to a non-pregnant uterus.
Example 1 ,
Shown in FIG. 1 is an extracorporeal gas dialyzer
unit 1 with a tube 2 connecting a needle 3 and a housing
4, which housing defines a chamber 5 containing a bundle

PCT/US93/06091
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of interwoven microporous capillaries 6 having an inlet
port 7 and an outlet port 8. Chamber 5 is in
communication with the lumen of barrel 9 of a syringe
pump 10. Needle 3 is placed with local infiltration

_anesthesia across the abdominal wall 11 or via the cervix

into the amniotic sac 12 within the uterine cavity 13 of
a pregnant patient, to provide access to the amniotic
fluid 14. oOutward movement of the plunger 15 within
barrel 9 of syringe pump 10 creates a partial vacuum
within barrel 9, which causes amniotic fluid to be
withdrawn via needle 3 and tube 2 into chamber 5. A
source of NO gas 16 is connected via reducing valve 17
and tube 18 to inlet port 7. Opening valve 17 permits a
stream of NO 19 to travel through tube 18, entering the
capillaries 6 at inlet port 7 and exiting at outlet port
8 as waste gas (which can be scavenged, for example, by
being emptied into an open reservoir chamber 23 that is
aspirated by a nozzle 24 attached to a vacuum line 25).
During its passage through the capillaries 6, some of the
NO diffuses through the gas-perﬁeable material of the
capillary walls 20, and into the amniotic fluid 21 in
contact with the capillaries 6. The direction of
movement of plunger 15 is then reversed, thereby applying
pressure that forces the NO-rich amniotic fluid 21 out of
chamber 5, returning it to the uterine cavity 13 through
tube 2 and needle 3. This procedure is repeated as many
times as are necessary to achieve the desired
concentration of NO in the amniotic fluid within the
uterine cavity, and may be continuously performed for as
long as the patient’s condition dictates. Typically,
unit 1 will be sized to withdraw approximately 10-20 ml
of amniotic fluid 13 with each repetition, and each
repetition will take approximately 5 sec to perform.
Movement of the plunger 15 may be accomplished manually
or by motorized means; where many repetitions are



WO 94/00180 PCT/US93/06091

10

15

20

25

30

35

- 13 =

envisioned, generally only the latter will be ,
practicable. The concentration of NO in the gas strean
19 may be varied as desired, with a higher concentration
(e.g., 10%-10° ppm) producing a higher concentration of NO
in the biological fluid, resulting in a more rapid and
profound relaxation of the uterine musculature than will
a lower gaseous NO concentration (e.g., 109-103 ppm). The
gas-permeable material may be a microporous material made
of a polymer such as tetrafluoroethylene (Teflon™) or
polypropylene, manufactured in a way that generates
submicroscopic pores (e.g., approximately 20 &) in the
polymer. Such microporous materials are available
commercially (e.g., Gore-tex™, available from Gore
Assoc., Inc., and Celgard™, available from Celanese
Corp.). Alternatively, the gas-permeable material may be
a membrane formed from a synthetic polymer such as thin
(e.g., 5 micron) silicone rubber, which permits gases
such as NO to diffuse through it not by means of static
pores, but rather by thermal rearrangement within the
polymer itself. Diffusion through such membranes takes
place as follows: A molecule of NO dissolves in the
membrane at the side of the membrane in contact with the

'gas phase; it then diffuses through the membrane to the

other side (the side in contact with amniotic fluid)
through a process that depends on the formation of
"channels" in the polymer network due to thermal
agitation of the chain segments; and finally the NO is
desorbed into the fluid. These and other materials which
allow the diffusion of NO into the fluid phase of the
device may be formed into hollow fibres for use as the
capillaries 6; such hollow fibres are widely used in such
applications as extracorporeal membrane oxygenators,
which maintain blood oxygen and carbon dioxide levels
during open heart surgery. Typically the capillaries are
interwoven to increase turbulence and mixing in the fluid
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flowing over them, thereby increasing the efficiency of
gas transport into the fluid.

The syringe pump 10 and housing 4 can be
constructed of any standard material suitable for such
applications, such as glass, plastic, or noncorrosive
metal, or a combination thereof, and the needle 3 would
preferably be of a size suitable for aspirating amniotic
fluid, e.g., 16 or 18 guage, optionally fitted with a
catheter. Although causing the gas phase to flow through
the interior of the capillaries 6 and the amniotic fluid
to flow around them is the preferred arrangement, the
device may alternatively be designed to direct the fluid
through the capillaries 6 and the gas into the space
around the capillaries 6. Particulate matter in the
amniotic fluid can be prevented from entering the chamber
5 by placing a filter (50-200 micron pore size) in tube
2.

Example 2
Illustrated in FIG. 2 is an indwelling Foley

catheter adapted to deliver NO into a urinary bladder,
for treatment or prevention of inappropriate constriction
of the bladder musculature (detrusor hyperactivity) or
the ureters: for example, the painful bladder muscle
(detrusor) spasms sometimes experienced by paraplegic
patients or ureteral spasms after ureteral surgery. As
shown in FIG. 2, the catheter unit 100 has a tube 101 for
withdrawal of urine 102 from the bladder cavity 103
through the urethral orifice 104. The tube 101 is held
in place in the bladder cavity 103 by means of an
attached inflatable balloon 105 having a gas-permeable
wall 106 defining a chamber 107. A second tube 108 in
communication with a positive pressure source of NO-
containing gas or liquid 109 opens into the chamber 107
of the balloon 105, permitting NO-containing gas or
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liquid 109 to flow through tube 108 and out opening 110
into the balloon chamber 107. Excess gas or liquid 111
exits balloon 105 by flowing into opening 112 of a third
tube 113, to be discarded or recycled as appropriate. In
order to maintain balloon 105 in an inflated state, the
gas or liquid 111 exits from tube 113 under positive
pressure (e.g. 30 cm H,0) via a positive pressure check
valve 114. Some NO present in the gas or liquid 109 in
chamber 107 passes through the gas-permeable wall 106
into the urine 102 that is in contact with wall 106, and
then diffuses through the urine 102 to the bladder or
ureter wall 115. When removal of unit 100 from bladder
cavity 103 is desired, balloon 105 is dz=flated by
stopping the flow of gas or liquid through tube 108 and
disconnecting ﬁhe positive pressure check valve 114, then

~extracting, through tube 113, any residual gas or liquid

109 present in chamber 107. The device 100 can be placed
in a patient’s bladder via the urethra, or directly in
the bladder via a cystotomy.

Example 3
FIGs. 3A and 3B illustrate one embodiment of the

intrauterine device (IUD) of the invention: FIG. 3A is a
cross section of the device 200 as it appears following
insertion into a non-gravid uterus, while FIG. 3B
indicates the conformation of the same device prior to
insertion into a uterus.

As shown in FIG. 3A, device 200 includes a double
lumen tube 201 enclosing a septum 202 defining two
continuous channels, an inlet channel 203 and an outlet
channel 204, which channels communicate at end 205.

Tube 201 is closed at end 205. At end 206, inlet channel
203 is in communication with an inlet tube 207 having an
injection tip 208 shaped to permit ready injection of a
liquid into the lumen of inlet tube 207. When an NO-
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syringe) into injection tip 208, the liquid 209 flows
through inlet tube 207 and into inlet channel 203. At
end 205 the liquid 209 enters outlet channel 204, flowing
through outlet channel 204 and then through outlet tube
210, which is in communication with outlet channel 204.
The liquid 209 then exits outlet tube 210 at opening 211,
and can be discarded or collected as desired. The walls
of tube 201 have a gas-permeable face 212 through which
NO can pass. When the NO-containing liquid 209 passes
through the inlet channel 203 and outlet channel 204, NO
present in the liquid 209 passes through the gas-
permeable face 212 and into the surrounding uterine
environment 213. A curved shape 214 is imposed on
device 200 by a sleeve 215 running the length of tube
201, which sleeve is made of a flexible plastic having a
"memory" for the curved shape 214.

FIG. 3B shows the same device 200 prior to
insertion into a uterus. A rigid rod 216 inserted into
the lumen of sleeve 215 forces the device 200 into a
straight, extended conformation 217 suitable for
insertion through a cervix and into a uterine cavity.
Withdrawing rod 216 from sleeve 215 permits sleeve 215 to
revert to the curved shape 214 as shown in FIG. 3A, which
shape helps prevent device 200 from being expelled from
the uterus.

Other Embodiments

Other embodiments are within the claims below.
For example, the source of NO can be an aqueous solution
of an NO-donor compound (such as S-nitroso-N-
acetylpenicillamine, S-nitrosocysteine, nitroprusside,
nitrosoguanidine, Na(O,N,-NEt,), nitroglycerine, isoamyl
nitrite, inorganic nitrite, azide, or hydroxylamine)
which is sealed inside the device prior to implantation
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into the target organ. Furthermore, the target organ can
vary widely. Organs appropriate for treatment with the
methods and devices of the invention are ones in which
the target smooth muscles are bathed with a non-blood
biological fluid, such as urine, mucus, cerebrospinal
fluid, or digestive juices, which fluid preferably
contains no more than trace amounts of red blood cells.
The usefulness of the method of the invention for
relaxing the smooth muscle in the wall of a given hollow
organ can be easily tested by the following means:

The internal hydrostatic pressure in the organ is
measured by standard means (e.g., strain guage and
catheter) well known to those skilled in the art.
Baseline contractions would be induced by pharmacologial
means (e.g., i.v. pitocin to contract a uterus; i.v.
methacholine to contract a bladder; or i.v.
cholicystokinin to contract a gallbladder). The organ
would then be treated with escalating doses of NO by
adding an NO-containing liquid or gas directly to the
interior fluid, or by inserting a balloon into the lumen
of the organ, and inflating the balloon with an NO-
containing liquid or gas. At each dosage level,
contractions would be induced as described above. The
peak pressure of the contractions should be markedly
reduced in the presence of NO compared to in the absence
of NO, since the musculature of the target organ will be
relaxed by NO treatment.

If relaxation and vasodilation of the wvascular
smooth muscle of a target organ is the desired response,
then blood flow to the organ can be measured at baseline
and then again after treatment with NO as above, at which
point the blood flow should have increased. The
pfeferred method of measuring regional organ blood flow
is by serial left atrial injections of radiolabelled
microspheres, as described in Zapol et al. (J. Appl.
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Physiol.: Respirat. Environ. Exercise Physiol. 47:968-
973, 1979).

Where the target organ is within the
gastrointestinal tract, treatment can be as follows:

Regions of the stomach, small intestine or colon
that can be reached by a tube with radiologic or
fiberoptic guidance can be perfused with an NO-containing
solution. This would distend the stomach, intestine or
bowel with an NO-containing solution that would both
vasodilate and reduce contractions of the target muscle.
A standard double lumen nasogastric tube could be
employed, injecting and continuously draining NO-
containing saline. Alternatively, a fill-and-clamp
technique with intermittent drainage can be used. The
NO-containing fluid can be localized in a given portion
of the gastrointestinal tract (e.g., a portion of the
bowel that is in spasm, or in the vicinity of a
constricted sphincter) to permit local effects where
desired. This localization can be accomplished, for
example, by the use of inflatable balloons strategically
located on the double lumen nasogastric tube, which
balloons act to trap the NO-containing liquid in a
defined region of the gastrointestinal tract, or by
injecting the NO-containing liquid into the desired
region via the lumen of a fiber-opticvgastroscope or
colonoscope. Alternatively, a long, tubular modification
of the urological balloon catheter described above (and
shown in FIG. 2) could be placed at a desired point in
the G.I. tract (e.g., in the bowel), and then inflated
with an NO-containing liquid or gas, permitting NO to

diffuse through the gas-permeable wall of the balloon and
‘'into the bowel lumen. The method of the invention is

useful for reversing vasoconstriction, thus augmenting
blood flow and protecting against ischemic bowel injury
resulting from vasoconstriction within the G.I tract. It
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is also useful for dilating constricted bowel regions and
thereby preventing spasm, contractions, and cramping
pain: for example, in regional enteritis, colitis, etc.
The mucosa lining the target gastrointestinal organ, 1like
the mucosa lining the repiratory system (Zapol et al.,
USSN 07/767,234) should not present a significant barrier
preventing diffusion of NO into the organ’s musculature.

The method can also be adapted for treatment of
vasoconstriction in the eye, as is sometimes observed
following eye surgery,'or in central nervous system or
spinal blood vessels. NO can be directly introduced into
the cerebrospinal fluid or the fluid of the eye by any
appropriate means: e.g., by injection of an NO-
containing liquid, or by implantation of a gas-permeable
capillary that is perfused with NO-containing gas or
liquid, or by tidal aspiration and equilibration with NO
gas. As noted previously, treatment in accordance with
the invention should have no systemic effects, since any
NO taken up by the blood would be bound by hemoglobin and
thus inactivated. What is claimed is:
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CLATMS

1. Use of nitric oxide (NO) or a source thereof
in the manufacture of a medicament for use in therapy or
in diagnosis to decrease or prevent the contraction of a
smooth muscle in a hollow organ of an animal, preferably
a mammal, and more preferably man, said organ being a
non-respiratory tract organ containing a biological fluid
which is not blood, by introducing an effective amount of
NO into said fluid.

2. Use of NO or a source thereof for the purpose
specified in claim 1, wherein said organ is a uterus and
said contraction is a uterine contraction or the
constriction of a placental or uterine blood vessel, and
preferably a said contraction associated with premature
labor or uterine cramps.

3. Use of NO or a source thereof for the purpose
specified in claim 2, wherein said fluid is amniotic
fluid or mucus.

4, Use of NO or a source thereof for the purpose
specified in claim 1, wherein said organ is a urinary
bladder, ureter, small intestine, large intestine,
stomach, or gall bladder, and said contraction is a spasm
of a muscle in the wall or sphincter of said organ.

5. Use of NO or a source thereof for the purpose
specified in claim 1, wherein said organ is an eye and
said contraction is a vascular smooth muscle spasm of a
blood vessel within said eye.

6. Use, as specified in any proceeding claim, of
NO dissolved in a pharmaceutically acceptable liquid.
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7. Use, as specified in any of claims 1 to 5, of
NO dissolved in a pharmaceutically acceptable liquid
comprising a polymerizable compound and optionally
further comprising a reagent which catalyzes
5 polymerization of said compound.

8. Use, as specified in any of claims 1 to 5, of
NO mixed with a pharmaceutically acceptable gas or
mixture of gases, preferably CO,.

9. Use, as specified in any of claims 1 to 5, of
10 an implantable, NO-impregnated, pharmaceutically
acceptable solid material.

10. Use of NO or a source thereof, as specified
in any of claims 1 to 5, by injection into said organ.

11. Use of NO or a source thereof, as specified
15 in any of claims 1 to 5, by passage of NO through a
section of gas-permeable material, preferably in the form
of a capillary, separating said fluid from a source of
NO.

12. Use of NO or a source thereof, as specified
20 in claim 11, wherein said passage takes place within said
organ.

13. Use of NO or a source thereof, as specified
in claim 11, wherein said passage takes place outside
said organ, with said fluid being periodically or

25 continuously withdrawn from and returned to said organ.

14. Use of NO or a source thereof for the pﬁrpose
specified in any proceeding claim, in an amount
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sufficient to bring the concentration of NO in said fluid
in the vicinity of said muscle to at least 0.01 uM.

15. Use of NO or a source thereof in the
manufacture of a medicament for use in decreasing or
preventing the constriction of a brain or spinal cord
blood vessel of an animal, preferably a human, by
introducing an effective amount of NO into the
cerebrospinal fluid of said animal.

16. Use of nitric oxide or a source thereof, as
specified in claim 15, wherein said constriction is
associated with a transient ischemic attack, stroke,

infarction, reperfusion injury, vasospasm, or migraine.

17. A device for relaxing smooth muscle of a
hollow organ, said organ being a non-respiratory tract
organ containing a non-blood biological fluid, said
device being characterized in comprising: a source of
NO, and a section of gas-permeabie material having a
first and second face, said first face being configured
to be placed in contact with said fluid and said second
face being in communication with said source of NO.

18. A device according to claim 17, further
characterized in that said NO is in gaseous form, and
said device additionally comprises a mechanism for
controllably releasing said NO to contact said second
face.

19. A device according to claims 17 or 18,
further characterized in that said section of gas-
permeable material is configured to be implanted in said
organ, with said first face in contact with said fluid

within said organ.
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20. A device according to claims 17 or 18,
further characterized in that said first face is in
communication with the lumen of a tube through which said
fluid can be drawn out of said organ and into contact
with said first face, said device further comprising a
mechanism for accomplishing said drawing.

21. A device according to claim 20, further
characterized in that said device further comprises a
mechanism adapted for returning said fluid to said organ
through said tube after said fluid has contacted said

first face.

22. A device according to claim 20, further
characterized in that said device further comprises a
second tube through which said fluid may be returned to
said organ after said fluid has contacted said first
face.

23. A device for controlling uterine contractions
not associated with pregnancy, characterized in
comprising an intrauterine device (IUD) comprising a

source of NO.

24. A device for controlling urinary bladder or
ureteral contractions, characterized in comprising a
catheter with an inflatable balloon attached, and a

source of NO for filling said balloon.

25. A device for relaxing smooth muscle in an
organ, said organ being a non-respiratory organ
containing a non-blood biological fluid, said device
being characterized in comprising: a housing defining a
chamber, and an NO-releasing compound contained within

said chamber, said chamber having a wall comprising
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solute-permeable material through which said NO-releasing
compound can diffuse, and said wall being configured to
be placed in contact with said biological fluid.

26. A device according to claim 25, further
characterized in that said device is an IUD.

27. An injection pack for medical or veterinary
use comprising an injection device and a source of NO to
load the device.

28. An implantable, NO-impregnated,
pharmaceutically acceptable solid material.
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