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Description

[0001] Theinventionrelates generally to a method and
apparatus for dissolution and transport of a pharmaceu-
tical product in a fluid path system for use in magnetic
resonance imaging (MRI) and analytical high-resolution
NMR spectroscopy. MRI is a diagnostic technique that
has become particularly attractive to physicians as it is
non-invasive and does not involve exposing the patient
under study to X-rays associated with other medical im-
aging techniques. Analytical high resolution NMR spec-
troscopy is routinely used in the determination of molec-
ular structure.

[0002] MRIand NMR spectroscopy can, however, lack
sensitivity due to the normally very low polarization of the
nuclear spins of the contrast agents typically used. As
such, a number of techniques exist to improve the polar-
ization of nuclear spins while in the solid phase. These
techniques are known as hyperpolarization techniques
andlead to anincrease in sensitivity. In hyperpolarization
techniques, a sample of an imaging agent, for
example 13C;-Pyruvate or another similar polarized im-
aging agent, is introduced or injected into the subject
being imaged. As used herein, the term "polarize" refers
to the maodification of the physical properties of a material
for further use in MRI. Further, as used herein, the term
"hyperpolarized" refers to polarized at a level over that
found atroom temperature and at 1 Tesla, which is further
described in US 6,466,814.

[0003] In many instances, the imaging agent under-
goes this hyperpolarization in an apparatus remote from
its end use. The hyperpolarized material has a very short
life span, and as such, the hyperpolarized material must
be quickly transferred from its production source to its
place of intended end use (i.e., injection into a patient)
and transformed into a useable state. To accomplish this,
the cryogenically frozen hyperpolarized material is dis-
solved into a dissolution medium for injection into the
patient. Thus, as a part of a dynamic nuclear polarization
(DNP) system, a means for dissolving the polarized sam-
ple within the polarizer must be included.

[0004] Forasample of polarized acid (e.g., pyruvic ac-
id), itis necessary to use adissolution medium todissolve
the sample and obtain a solution of polarized sodium salt
(e.g., sodium pyruvate) suitable for in vivo injection. The
dissolution medium typically is comprised of an aqueous
solution including a base (e.g., sodium hydroxide) and a
buffering agent (e.g., TRIS hydroxymethyl aminometh-
ane (TRIS)) to dissolve the sample and control/reach a
physiologically acceptable pH in the injectate, although
the dissolution medium could also be in the form of water.
[0005] In the current methodology, a defined volume
of dissolution medium containing sodium hydroxide,
TRIS-buffer, and EDTA is pressurized with helium gas
to a defined pressure in a titanium cylinder and heated
to a defined temperature. When the dissolution process
is started, the pressurized and heated solventisreleased
from the cylinder and guided by a continuous helium gas
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flow into contact with the polarized sample. This method
suffers from the drawback that the dissolved sample is
mixed with gas as itis ejected into the receiving container
and therefore is not sterile for injection. This complicates
the removal of the Electron Paramagnetic Agent (EPA)
from the dissolved polarized sample and the sterile filter-
ing of the injectate.

[0006] Additional problems can arise in existing meth-
odologies that employ fluid path systems to dissolve the
frozen sample. That is, one possible failure mode with
the current fluid path system involves ensuring that the
sample is completely dissolved by the dissolution medi-
um. If the thermal energy, amount, and flow of the dis-
solution medium is insufficient to completely dissolve the
sample, the system may freeze before the sample is dis-
solved, thus resulting in an ice plug completely blocking
flow into and out of the fluid path system. A second failure
mode is that the thermal energy transferred to the frozen
sample is not sufficientto dissolve the entirety of the sam-
ple, resulting in some of the sample being left in a frozen/
solid state after a defined volume of dissolution medium
has been entered into the fluid path system. This failure
to completely dissolve the sample affects the pH level
and acid concentration of the injectate in the case of the
sample being an acid. For example, pyruvate is a very
reactive compound sensitive to both high and low pH
(which may catalyze the pyruvate to react), and thus, it
is important that the sample be completely dissolved to
ensure a desired pH level in the injectate.

[0007] Another limitation of current methodology and
devices used for dissolving pharmaceutical samples is
the cost and complication associated with maintaining a
sterile product. For pharmaceutical products, sterility as-
surance is essential and there can be no risk of contam-
ination to the product. Current methods and devices re-
quire the sample to be handled and exposed to the en-
vironment. As such, any device in contactwith the sample
will have to be sterilized and sterility will have to be as-
sured during the dissolution and transport of the sample.
[0008] Thus, a need therefore exists for a fluid path
system that can rapidly and completely dissolve a frozen
hyperpolarized material. It is also desirable that the dis-
solved material be fully displaced from its initial location
to a final location in order to ensure suitable pH levels,
acid concentration, and liquid state polarization in the
injectable solution. The fluid path system should also pro-
vide maintained sterility during dissolution and transport
of the material in a cost-effective and efficient manner.
[0009] The presentinvention addresses the aforemen-
tioned drawbacks by providing an apparatus and method
for dissolution and transport of a pharmaceutical product
in a fluid path system. The fluid path system provides for
rapid and complete dissolution of a frozen hyperpolarized
material and transports the resulting hyperpolarized so-
lution from its initial location within a polarizer system to
afinal location outside the polarizer system for use (e.g.,
injection into a patient).

[0010] Accordingtooneaspectofthe presentinvention
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a fluid path system is described. The fluid path system
comprises a vial to contain a pharmaceutical, a dissolu-
tion fluid path having an output end in fluid communica-
tion with the vial and an input end attached to a pressure
vessel to contain a dissolution medium and a delivery
fluid path having a first end hermetically attached to the
vial to transport a mixture of dissolved pharmaceutical
product and dissolution medium. The dissolution fluid
path and delivery fluid path are tubular structures and
the dissolution fluid path is positioned internal to or par-
allel to the delivery fluid path. The fluid path system also
comprises areceiving vessel connected to a second end
of the delivery fluid path to receive the mixture,a disso-
lution fluid path valve and a delivery fluid path valve to
control flow afilter cartridge integrated within the delivery
fluid path to remove at least one of an electron paramag-
netic agent (EPA) and a processing agent from the hy-
perpolarized solution before entering the receiving ves-
sel, and a a sliding seal unit positioned between the pres-
sure vessel and the vial to seal a cryogenically cooled
chamber containing the vial from an ambient environ-
ment without contacting contents of the vial. The sliding
seal is unit biscects the dissolution fluid path and delivery
fluid path and is capable of traversing the length of the
fluid paths.

[0011] In accordance with another aspect of the
presentinvention, a polarizer system to polarize a mate-
rial to be used in magnetic resonance (MR) imaging in-
cludes a cryogenic cooling system to cool a material to
be hyperpolarized to a cryogenic temperature and a su-
perconducting magnet positioned about the cryogenic
cooling system to create a magnetic field and hyperpo-
larize the material. The polarizer system also includes a
fluid delivery system to dissolve and deliver the hyper-
polarized material. The fluid path system being described
above.

[0012] In accordance with yet another aspect of the
presentinvention, a method of manufacturing a fluid path
system includes the steps of hermetically sealing a first
end of a delivery fluid path to a vial whereby the delivery
fluid path comprises a tubular structure and the vial con-
taining a solid material to be hyperpolarized, positioning
a dissolution fluid path within the delivery fluid path, the
dissolution fluid path also comprising a tubular structure
and having an output end in fluid communication with an
interior volume of the vial, connecting a syringe to an
input end of the dissolution fluid path, the syringe having
adissolution medium therein, and connecting a receiving
vesselto a second end of the delivery fluid path to receive
a hyperpolarized solution. The hyperpolarized solution
is composed of the dissolution medium and dissolved
hyperpolarized material.

[0013] Various other features and advantages of the
present invention will be made apparent from the follow-
ing detailed description and the drawings.

[0014] Thedrawingsillustrate anembodiment present-
ly contemplated for carrying out the invention.

[0015] In the drawings:
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Fig. 1 is a block diagram and schematic of a fluid
path system according to an embodiment of the cur-
rent invention.

Fig. 2 is cross-sectional view of a vial according to
an embodiment of the current invention.

Fig. 3is a schematic of a portion of a fluid path system
according to another embodiment of the current in-
vention.

Fig. 4 is a cross-sectional view of a flask and spike
according to one embodiment of the current inven-
tion.

Fig. 5 is a cross-sectional view taken along 5-5 of
Fig. 4.

Fig. 6 is a block diagram and schematic of a fluid
path system according to an embodiment of the cur-
rent invention.

[0016] Referring to Fig. 1, a fluid path system 10 (i.e.,
fluid delivery system) is shown for dissolution and trans-
port of a pharmaceutical product. In one embodiment,
this pharmaceutical product is a sample 12 of solid hy-
perpolarized material for use as animaging agentin mag-
netic resonance imaging (MRI) and NMR spectroscopy.
For example, sample 12 can be composed
of 13C,-pyruvic acid and EPA, although other imaging
agents are also possible. The fluid path system 10 can
be made from medical grade materials if used in a clinical
setting for preparing and delivering an injectable solution
to patients. Such materials are known and are generally
plastics of validated quality in terms of leachables and
stability. The materials for the fluid path system 10 are
further selected on the basis of their thermal, mechanical,
and chemical properties to be compatible with the prod-
uct and environment (cryogenic and superheated tem-
peratures, as well as high pressures). The fluid path sys-
tem 10 is designed to provide a sterile barrier to the sam-
ple and resulting solution and all assemblies and parts
therein are designed to prevent the user from uninten-
tionally breaking the barrier. 1t is further envisioned that
the fluid path system 10 can be made as a disposable
part(i.e., single use), but can also be re-cycled complete-
ly or in part. A single use fluid path system ensures the
maximum provision for sterility and patient safety.

[0017] Fluid path system 10 is integrated with an ap-
paratus 14 for hyperpolarizing the sample 12. The polar-
izer apparatus 14 is formed in part by a vacuum chamber
16 that surrounds internal components of the apparatus.
Positioned within the vacuum chamber 16 is a system
18 for cryogenically cooling the sample of 13C4-pyruvic
acid and EPA and a superconducting magnet 20 that
together function to hyperpolarize the sample 12. In the
embodiment of Fig. 1, the cryogenic cooling system 18
includes a liquid helium bath 22 housed in container 24
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to form a cryogenically cooled chamber. The sample 12
is immersed in the liquid helium bath 22 and a magnetic
field produced by superconducting magnet 20 to provide
conditions for hyperpolarizing the sample 12. Microwave
irradiation at an appropriate frequency is provided by a
microwave radiation source (not shown) to polarize the
solid sample 12 by Dynamic Nuclear Polarization (DNP).
[0018] A portion of fluid path system 10 extends down
into container 24 of the polarizer apparatus 14. This po-
sitioning enables the sample 12 and vial 28 to be exposed
to the high magnetic field and cryogenic temperatures of
the polarizer apparatus 14. To retain a vacuum within
vacuum chamber 16, including container 24, a sliding
seal 26 is positioned about that portion of the fluid path
system 10 that forms a junction or interface with 24. The
sliding seal 26 is configured such that, during operation
the fluid path system 10 is allowed to traverse through
the seal as needed while still forming an air tight seal.
Thus, the vacuum conditions desired in polarizer appa-
ratus 14 for hyperpolarizing sample 12 are maintained
by way of sliding seal 26. 1t is understood, when not con-
figured with the polarizer system, and where the fluid
path is held in a fixed position, the sliding seal is capable
of movement along the fluid path.

[0019] During operation of the polarizer system, the
first position of the sliding seal 26 is near the vial, where
the sliding seal 26 enables the vial 28 to be interfaced
with the polarizer apparatus 14 without compromising
vacuum within the vacuum chamber 16, including con-
tainer 24. In certain embodiments, the length of the outer
tube 44 which may traverse the sliding seal 26 is approx-
imately between 10 cm and 100 cm to enable the posi-
tioning of the vial 28 in the liquid helium bath 22. During
extraction of the fluid path system 10 from the polarizer
apparatus 14 the outer tube 44 traverses the sliding seal
26 in the reverse direction returning to the first position
where the fluid path system 10 can be removed from the
polarizer apparatus 14 without compromising the vacu-
um.

[0020] The sliding seal 26 is positioned between the
vial 28 and the fluid path valves 40 and 52 and bisects
the inner tube 36 and outer tube 44 without penetrating
the physical barrier realized by the wall of the outer tube
44. This positioning of the sliding seal 26 around the outer
tube 44 and the barrier the outer tube 44 represents en-
ables a portion of the fluid path system 10 to be positioned
within the polarizing apparatus 14 without compromising
the sterility of the fluid path system 10 and the sample
12 it contains. Due to the positioning of the sliding seal
26 between the vial 28 and the fluid path valves 40 and
52 makes this componentintegralto the fluid path system
and permanently located on the outer tube 44 between
the vial 28 and the fluid path valves 40 and 52. In certain
embodiments valves 40 and 52 may be configured as a
single valve system that operates to restrict flow inde-
pendently in tubes 36 and 44.

[0021] The sliding seal 26 must embody several po-
tentially opposed characteristics to enable positioning of
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the sample 12 in the liquid helium bath 22 without de-
grading the performance of the polarizer apparatus 14.
The sliding seal 26 must constrict on outer tube 44 suf-
ficiently to create a vacuum tight barrier. In certain em-
bodiments, leak rates for the sliding seal 26 must be less
thanorequaltoapproximately 2.5 mL/hr of air to minimize
impact on the internal pressure of the container 24 and
the formation of ice within the polarizer apparatus 14.
The sliding seal 26 presents a low friction interface with
the outer tube 44 to enable the flexible inner tube 36 and
outer tube 44 to traverse the sliding seal 26 without bend-
ing, buckling or damaging the tubes. The force used to
cause the outer tube 44 to traverse the sliding seal 26
should not exceed 25 Newtons.

[0022] Furthermore, the sliding seal 26 is capable of
operation at cryogenic temperatures. In certain embod-
iments, during extraction of the fluid path system 10 por-
tions of the outer tube 44 may have been cryogenically
cooled by the liquid helium bath 22. As such, the sliding
seal 26 must maintain integrity when exposed to low tem-
peratures during cryogenic freezing. In certain applica-
tion the sliding seal is designed to maintain integrity as
low as 10° K. An example of a material and configuration
of a seal that meets these characteristics is a Teflon en-
ergized lip seal.

[0023] The sample 12 positioned within polarizer sys-
tem 14 is contained in a vial 28 (i.e., sample container),
which is formed of a material that is non-reactive to the
sample and to other commonly used solvents or solutions
that might be used to dissolve the sample 12. The vial
28 can be formed of glass, polymer or another suitable
material that would not react with sample 12 or a disso-
lution medium. Examples of suitable polymers include,
but are not limited to polyetherimide, polysulfone and pol-
yetheretherketone. If vial 28 is composed of an electri-
cally conductive material, attention must be paid to the
delivery of microwaves for DNP and optionally Nuclear
Magnetic Resonance (NMR) detection. A specified quan-
tity or dosage of sample 12 is included in vial 28 to be
mixed with a dissolution medium solution and ultimately
injected into a patient. Typically, this quantity/dosage of
sample 12 will be equal to or less than approximately 2
ml in volume. In certain embodiments to volume of the
vial 28 can be increased to contain larger sample doses.
The vial 28 is sized so that the quantity of sample 12
included therein fills only a portion of an interior volume
30 of vial 28, with the frozen sample 12 being positioned
at the bottom of vial 28. It is also envisioned that the
sample 12 could be frozen in other positions in the vial
28, such as coating the walls of the vial to form, for ex-
ample, a hollow cylinder of sample product.

[0024] The vial 28 is included as part of fluid path sys-
tem 10 that extends down into container 24. In operation,
the fluid path system 10 is used to dissolve the cryogen-
ically frozen sample 12 by way of an aqueous solution
and transport this dissolved sample out from container
24 to a desired end location, where, in certain applica-
tions, it may be injected into a patient. To provide an
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aqueous solution for dissolving sample 12 in vial 28, a
pressure vessel 32 is included in the fluid path system
10. In one embodiment, the pressure vessel is a syringe
32 that can be in the form of a motor powered or pneu-
matic syringe that produces force to inject a dissolution
medium 34 (i.e., buffer solution) into fluid path system
10. Dissolution medium 34 therein is in a heated state to
melt and dissolve the cryogenically frozen sample 12
when mixed therewith. Depending on its composition,
the dissolution medium 34 can be heated to a tempera-
ture of up to approximately 150° C in a pressure chamber
(not shown) or other suitable heating apparatus. The dis-
solution medium 34 includes a base solvent, such as
sodium hydroxide, for neutralizing the pyruvic acid and
also possibly an ion chelator (e.g., EDTA). The dissolu-
tion medium 34 also includes therein a buffering agent,
which commonly is in the form of a buffering salt such as
TRIS, although other known buffering salts can also be
used. While the dissolution medium 34 listed above is
setforth as being composed of sodium hydroxide, EDTA,
and TRIS, it is also envisioned that water or other solu-
tions could be used instead.

[0025] Attached to syringe 32 is a dissolution fluid path
36 (i.e., inner tube) that forms a fluid path between the
syringe 32 and vial 28 containing the sample 12. An input
end 38 of inner tube 36 connects to the syringe 32 in a
sealed manner. Also positioned near the input end 38 of
the inner tube 36, and adjacent to syringe 32, is a disso-
lution fluid path valve 40 located within inner tube 36.
This inner tube valve 40 functions to control a fluid flow
of the dissolution medium 34 out from syringe 32 and
into the inner tube 36 and allows for a measured amount
of dissolution medium 34 to be injected into the fluid path
system 10 for dissolving sample 12 and controlling pH
of the resulting hyperpolarized solution. An output end
42 of the inner tube 36 extends down into the interior
volume 30 of vial 28 and is thus in fluid communication
therewith. The inner tube 36 is preferably composed of
a material having a low thermal conductivity so as to
maintain atemperature in the dissolution medium 34 and
minimize the loss of thermal energy therefrom as it pass-
es through inner tube 36 and down into vial 28. In oper-
ation, inner tube 36 delivers dissolution medium 34 in a
heated state from syringe 32 down into vial 28. In the
interior volume 30 of vial 28, the heated dissolution me-
dium 34 comes into contact with frozen sample 12. The
dissolution medium 34 dissolves the entirety of the sam-
ple 12 to form a mixture that forms a hyperpolarized so-
lution. The resulting hyperpolarized solution is in the form
of an intravenous solution that can be directly injected
into a patient as approved by qualified health authorities.
[0026] A delivery fluid path 44 (i.e., outer tube) is also
included in fluid path system 10 to create a separate fluid
path from inner tube 36. In one embodiment, and as
shown in Fig. 1, inner tube 36 is positioned within outer
tube 44, although it is also envisioned that other arrange-
ments could be implemented, such as a side-by-side con-
figuration between the tubes 36, 44 where both are con-
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nected to vial 28. The outer tube 44 is also composed of
alow conductivity material, the material preferably having
adifferent thermal conductivity than inner tube 36, to pre-
vent heat transfer between not only inner tube 36 and
outer tube 44, but also between outer tube 44 and the
surrounding environment of container 24 and the low
temperatures present therein due to liquid helium bath
22. Afirst end 46 of outer tube 44 is hermetically sealed
to vial 28 to form a fluid connection therebetween that is
free of leaks. As stated above, a hyperpolarized solution
is formed from the dissolution medium 34 and the dis-
solved sample 12 and is contained in the interior volume
30 of vial 28. As more dissolution medium 34 is injected
intoinner tube 36 and downinto vial 28 to dissolve sample
12, the quantity of hyperpolarized solution increases and
is forced out of vial 28. The hyperpolarized solution thus
flows up into outer tube 44 forming an outer fluid path for
transport of the hyperpolarized solution. The hyperpolar-
ized solution flows through outer tube 44 and eventually
into areceiving vessel 55 (i.e., flask) attached to a second
end 50 of outer tube 44, where it collects until the desired
amount of hyperpolarized solution has been created.
Outer tube 44 can be integrally connected to, or sepa-
rately fitted on; flask 55 and can also include a nozzle
(not shown) on second end 50 that enters into flask 55.
In certain embodiments tube 46 may be configured as a
separate tube from tube 44 and oriented in series with
tube 44.

[0027] To control flow of the hyperpolarized solution
between vial 28 and flask 55, a delivery fluid path valve
52 is placed within outer tube 44. In one embodiment,
this outer tube valve 52 is positioned close to syringe 32.
In certain embodiments the delivery fluid path valve 52
prevents the flow of air or liquid from container 48 into
tube 44 and vial 28. This flow may be induced by tem-
perature induced pressure differentials within fluid path
system 10 due to the cryogenic cooling of vial 28.
[0028] The outer tube valve 52 is disposable and can
be replaced in the fluid path system 10 as needed. Also
included within outer tube 44 is a filter cartridge 54 that
removes an electron paramagnetic agent (EPA) from the
hyperpolarized solution and possibly other processing
agents that may have been added to hyperpolarize the
sample 12. The EPA filter cartridge 54 removes the EPA
from the hyperpolarized solution to make it suitable for
injection. Furthermore, EPA filter cartridge can function
as a heat sink to cool the hyperpolarized solution down
to a lower temperature more suitable for injection into the
patient.

[0029] After passing through EPA filter cartridge 54,
the hyperpolarized solution passes through outer tube
44 and optionally into holding container 48, where it can
be held for a short time to mix the solution and where
automated quality control tests can be performed as de-
sired. In one embodiment, further cooling of the hyper-
polarized solution can be performed in holding container
48 by reducing pressure therein and/or by diluting the
solution with a quantity of water for injection (e.g., 10 ml)
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that is at room temperature. The water can already be
present in container 48 or added thereto upon the accu-
mulation of the hyperpolarized solution. The pressure re-
duction and the addition of the water would provide any
further cooling necessary to bring the temperature of the
resulting hyperpolarized solution from about 80° C to 50°
C, although it is also envisioned that the temperature of
the solution can be brought down even further via these
methods to a temperature point suitable for injection (e.g.
~38° C).

[0030] After mixing and cooling of the hyperpolarized
solution, the solution is forced out from holding container
48 and travels down outer tube 44 to a receiving vessel
55 (i.e., flask) before final injection into a patient. It is
envisioned that a heat exchanger can be connected to
outer tube 44 between holding container 48 and flask 55
to further cool the hyperpolarized solution (if necessary)
down to a temperature threshold set at 38° C for injection
of the solution into the patient. As stated above, the tem-
perature of the hyperpolarized solution may be in the
range of 50° C when it exits holding container 48.
[0031] Asthe hyperpolarized solutionremainsin its hy-
perpolarized state for only a short time period (e.g. ap-
proximately 1 minute), in certain embodiments, as shown
in FIG. 1, an optional heat exchanger 57 may be used.
The heat exchanger allows for further cooling of the so-
lution ina quick and efficient manner. The heat exchanger
57 is constructed in part of a material having superior
heat conduction properties, such as copper, to allow for
the solution to pass through the heat exchanger 57 in a
minimum amount of time (i.e., having a high flow capac-
ity) while still removing a large amount of heat therefrom.
While copper provides the desired heat transfer proper-
ties, it is neither sterility nor liquid state polarization com-
pliant. As such, the copper surfaces in heat exchanger
57 that are in contact with the hyperpolarized solution
are gold plated to form a more sterile and non-reactive
fluid path. To further fulfill sterility requirements associ-
ated with the injectable hyperpolarized solution, the heat
exchanger 57 is also designed to be easily disassembled
for cleaning, with all components and compartments in
the heat exchanger being accessible. In certain embod-
iments the heat exchanged may be composed of porous
polymeric frits with high surface area. In one embodi-
ment, the polymer may be polyethylene. In certain em-
bodiments the polymeric frit based heat exchange may
be disposable. As such, heat exchanger 57 can be
formed into two detachable halves to accommodate easy
assembly and disassembly, or some other similar con-
figuration.

[0032] Itis also envisioned that heat exchanger 57 be
a single use disposable part along with the rest of fluid
path system 10. In certain embodiments, the heat ex-
changer 54 may be position between the filter cartridges
54 the holding container 48. The heat exchanger 57 also
is free of dead ends or other areas where the hyperpo-
larized solution could become trapped so as to minimize
loss of the solution as it passes therethrough. As stated
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above, the heat exchanger 57 may be optional and its
inclusion in fluid path system 10 will depend on the tem-
perature of the dissolution medium in syringe 32 and the
thermal mass of other components in the system.
[0033] Upon exiting heatexchanger 57, itis envisioned
that the hyperpolarized solution can pass down outer
tube 44 and through an additional sterile filter 59. Filter
59 can be optionally added to fluid path system 10 to
further ensure sterilization of the hyperpolarized solution,
although it is recognized that fluid path system 10 is de-
signed as a sterile system without the inclusion of filter
59. The filter 59 can be composed of a membrane and/or
resin and can take the form of filters known in the art and
as used for sterile filtering of intravenous solutions and
injectable drugs. After exiting filter 59, the solution then
passes into flask 55. Additional dissolution medium or
water for injection can be added to flask 55 (or already
be present in the flask) to mix with the hyperpolarized
solution as desired to create a desired temperature, con-
centration, and/or pH level. The temperature, concentra-
tion, and pH of the hyperpolarized solution in flask 55
can then be measured by an operator to ensure it is at
or below the threshold temperature of 38° C and at a
suitable pH and concentration for injection into the pa-
tient.

[0034] As set forth above, the inclusion of heat ex-
changer 57 andfilter 59 influid path system 10 is optional.
Itis also envisioned that holding container 48 be optional
as well and that fluid path system 10 may be configured
to provide hyperpolarized solution having a desired tem-
perature directly to receiving vessel/flask 55, or that the
functions of holding container 48 could be implemented
into flask 55. In certain embodiments additional dissolu-
tion medium or water for injection can be added to con-
tainer 48 to mix with the hyperpolarized solution as de-
sired to create a desired temperature, concentration,
and/or pH level. The temperature, concentration, and pH
of the hyperpolarized solution in container 48 may then
be measured by an operator to ensure it is at or below
the threshold temperature of 38° C and at a suitable pH
and concentration, such as for example the correct tem-
perature and pH for injection into the patient.

[0035] Toassistindissolutionof sample 12 influid path
system 10, a nozzle 56 is positioned at output end 42 of
inner tube 36 and positioned, at least in part, within vial
28. As shown in Fig. 2, nozzle 56 is positioned within vial
28 and adjacent to the hyperpolarized sample 12 so that
whendissolution medium 34 exits the nozzle 56, it comes
directly into contact with sample 12. The nozzle 56 aids
in producing fluid flow characteristics in the dissolution
medium 34 that are needed to completely and efficiently
dissolve sample 12 and then force that resulting hyper-
polarized solution out from vial 28 and into outer tube 44,
and eventually to holding container 48 and flask 55.
[0036] Several factors in regard to the nozzle 56 con-
figuration and placement affect the dissolution of hyper-
polarized sample 12. That is, nozzle 56 can be designed
to have a nozzle diameter 58 and depth 60 thatwill create
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desired fluid flow characteristics for dissolution of the
sample 12, and can be placed a selected distance 62
from sample 12. In one embodiment, it is envisioned that
the nozzle diameter 58 is 0.9 mm and is attached to an
inner tube 36 having an outer diameter of 1.83 mm. The
inner tube 36 is positioned within outer tube 44, which is
formed to hermetically seal to vial 28, the outer tube 44
having an inner diameter of 2.69 mm. The nozzle 56 also
has a depth 60 of 1-3 mm. The diameter measurements
set forth above result in a ratio of flow areas of approxi-
mately 1.6. Such a ratio, along with the nozzle depth se-
lected above, results in a desirable fluid flow of the dis-
solution medium 34 for dissolving sample 12 and for forc-
ing the mixture of dissolution medium and dissolved sam-
ple (i.e., the hyperpolarized solution) out from the vial 28.
[0037] Placementof nozzle 56 as compared to sample
12 also affects dissolution efficiency. The distance 62
between a surface 64 of the sample 12 and the nozzle
56 (i.e., "standoff") not only affects dissolution efficiency,
but is also important in ensuring that segments of the
sample 12 do not break off and clog the nozzle 56 and
the inner tube 36, thus interrupting fluid flow in the fluid
path system 10. That is, if the nozzle 56 is placed too
closely to the surface 64 of sample 12, the sample 12
may melt and refreeze to block the nozzle 56 before dis-
solution medium 34 is injected therethrough. In one em-
bodiment, standoff 62 is set to 5 mm and is combined
with the nozzle dimensions set forth above. This combi-
nation of the standoff measurement and nozzle dimen-
sions provides one specific configuration in which disso-
lution of the hyperpolarized sample 12 is achieved in a
desired manner. While specific measurements have
been provided for nozzle diameter 58 and depth 60, and
for standoff 62 between the nozzle 56 and sample surface
64, it is envisioned that other suitable measurement val-
ues and flow area ratios can also be implemented. The
exactvalues (i.e., measurements and distances) decided
upon for these features when designing fluid path system
10 will be based on at least one of the values of: temper-
ature of the dissolution medium 34, pressure of the dis-
solution medium 34, and quantity of the hyperpolarized
sample 12. The standoff distance 62 can also be deter-
mined in part by the nozzle diameter 58. The exact fluid
flow characteristics/ratios and standoff desired will be de-
pendent, at least in part, on these factors.

[0038] The nozzle 56 itself can be attached to first end
42 of inner tube 36 in several ways. One method of plac-
ing nozzle 56 at output end 42 of inner tube 36 includes
placing a separate and distinct nozzle component on in-
ner tube 36. Nozzle 56 would be placed on inner tube 36
before insertion of the inner tube 36 within outer tube 44
and vial 28. Nozzle 56 can also be formed on output end
42 of inner tube 36 from the inner tube material, which
is composed of a formable polymer material. Thatis, noz-
zle 56 can be formed by heating the inner tube polymer
material to a temperature where it will flow. A needle (not
shown) having an outer diameter equal to the desired
nozzle diameter 58 is inserted inside inner tube 36 and
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the melting inner tube polymer material flows in towards
the needle. When allowed to cool, a nozzle or orifice hav-
ing a certain length and diameter will be formed. The
exact diameter 58 and depth 60 of the nozzle 56 can thus
be determined by the configuration of the needle inserted
into inner tube 36 and the nozzle 56 can be formed to
provide fluid flow characteristics desired in the fluid path
system 10.

[0039] ReferringbacktoFig. 1, in certain embodiments
an optional vessel 66 containing an additional processing
agent 68 may be included in fluid path system 10 to aid
in polarization of sample 12. In one embodiment, vessel
66 contains a gadolinium solution 68. Prior to polarization
of the sample 12, gadolinium solution 68 is injected into
inner tube 36 and down into vial 28 to aid and improve
hyperpolarization of the sample 12. That is, before sam-
ple 12 is brought down to a cryogenic temperature by
liquid helium bath 22, gadolinium solution 68 is released
from vessel 66, through a syringe valve 40, which is con-
figured as a 3-way valve, and forced into inner tube 36
by helium gas used to pressurize vessel 66. The gado-
linium solution 68 is forced down through inner tube 36
by this helium gas pressure and enters into vial 28 to mix
with sample 12. The helium gas atmosphere present in
vial 28 blankets the mixing of the gadolinium solution 68
and sample 12 to allow for proper mixing to occur. Any
excess gas volume would be forced through a ventilation
port present in the fluid path system 10, such as a ven-
tilation port 70 in holding container 48. Upon proper mix-
ing of the gadolinium solution 68 and sample 12, the pre-
pared sample is brought down to a cryogenic tempera-
ture by liquid helium bath 22 and introduced into a mag-
netic field for hyperpolarization as described above. In-
clusion of vessel 66 in fluid path system 10 is optional
and is only needed if a compound or ingredient is to be
added to sample 12 before the polarization thereof.
[0040] Referring now to Fig. 3, another embodiment of
fluid path system 10 is shown as including dual syringes
or injectors 72, 74 for providing dissolution medium 34
tothe system 10 for dissolving the hyperpolarized sample
12. This two syringe arrangement can be implemented
if better control of pH than otherwise possible is required
due to, for example, requirements to control pH, filtration,
or the stability of sample 12. The dissolution medium 34
is divided into two parts, one part containing an aqueous
solution of the base 76 needed to neutralize the pyruvic
acid of sample 12. The second part of dissolution medium
34 is comprised of an aqueous solution of buffer salt 78
(e.g., TRIS). The two dissolution medium components
76, 78 are placed in two motor powered or pneumatic
syringes 72, 74, which are both connected to inner tube
36 of the fluid path system 10. At least one of the bases
76 and the buffering salt 78 are heated to an appropriate
temperature to allow for melting and dissolution of the
hyperpolarized sample 12. When the dissolution process
is started, both syringes 72, 74 dispense their contents
into inner tube 36. The dispensing of the base 76 and
aqueous buffer salt 78 by the dual syringes 72, 74 is
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electronically controlled so as to controlthe concentration
of the base 76 in the dissolution medium 34. That is, the
amount of base 76 injected into the inner tube 36 to mix
with the buffer salt 78 is controlled in such a manner that
the base 76 is continuously matched by a stoichiometric
amount of dissolved pyruvic acid of sample 12. When
the hyperpolarized sample 12 is completely dissolved,
only the syringe 74 containing the aqueous solution of
buffer salt will continue to dispense fluid into the inner
tube 36. The aqueous buffer salt 78 would then drive the
bolus (i.e., hyperpolarized solution) through outer tube
44 and filter 54, and into holding container 48.

[0041] As shown in Fig. 4, in one embodiment of flask
55, the flask includes a rubber septum 80 fitted over an
inlet port thereof. A spike 82 composed of a non-metallic
material is fitted to second end 50 of outer tube 44 and
is configured to penetrate the septum 80 to transfer hy-
perpolarized solution from the outer tube 44 to flask 55.
The hyperpolarized solution is forced from the outer tube
44 through the spike 82 and into the flask 55. The spike
82 allows the flask 55 to be easily and rapidly removed
from fluid path system 10 once a desired quantity of hy-
perpolarized solution has been transferred into the flask
55.

[0042] As shown in Fig. 5, the spike 82 includes an
elliptical needle 84 having a greater diameter 86 of 3.0
mm along one axis and a lesser diameter 88 of 0.3 mm
along another axis. Referring back to Fig. 4, the elliptically
designed needle 84 penetrates the septum 80, having a
thickness of about 32 mm for example, with more of a
cut-like incision as opposed to a circular needle, and as
such, reduces force on the septum 80 and the needle 84
during insertion therein. While having an elliptical design
with a decreased diameter along one axis, the rigidity of
the needle 84 is such asto give it the strength towithstand
the forces imparted thereon during insertion through the
septum 80. Furthermore, the needle 84 is sized so as
not to negatively impact the flow rate of the hyperpolar-
ized solution between the outer tube 44 and the flask 55.
In an alternative embodiment the spike 82 and needle
84 may be positioned on outer tube 44 and inside of con-
tainer 48.

[0043] Also included in the needle 84 of the spike 82
is a fluid path 90 (shown in Fig. 5) and fluid path holes
92 vertically spaced along the length of the needle 84 so
as to form a fluid connection between outer tube 44 and
flask 55. The fluid path holes 92 are designed to act as
spray nozzles/jets that diffuse the hyperpolarized solu-
tion as the solution is forced through the holes 92. The
diffusion caused by the fluid path holes 92 provides for
improved homogenization of the hyperpolarized solution,
as a larger portion of the solution is forced in different
directions. The diffusion also results in a greater surface
area of the solution being exposed, which enables a re-
duction in the hyperpolarized solution temperature be-
fore injection into a patient.

[0044] While the fluid path system 10 described above
includes an inner tube 36 and outer tube 44, as shown
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in Fig. 1, it is also envisioned that other configurations
can also be implemented. Referring now to Fig. 6, fluid
path system 10 is configured to have a dissolution fluid
path 36 and delivery fluid path 44 positioned in a parallel
arrangement. In such an arrangement it is understood
that the sliding seal is capable of traversing the length of
both the delivery fluid path and the dissolution fluid path,
as both bisect the sliding seal unit. Dissolution fluid path
is in fluid communication with vial 28 to transfer dissolu-
tion medium from syringe 32 into the vial to dissolve sam-
ple 12. Delivery fluid path is sealed to vial 28 to transfer
a mixture of the dissolution medium 34 and dissolved
sample 12 outfrom the vialin the form of a hyperpolarized
solution to be delivered to flask 55 as desired.

[0045] Therefore, according to one embodiment of the
presentinvention, afluid path system includes a vial con-
taining a pharmaceutical product therein, a dissolution
fluid path having an output end in fluid communication
with the vial and an input end attached to a pressure
vessel containing a dissolution medium, and a delivery
fluid path having a first end hermetically attached to the
vial to transport therefrom a mixture of dissolved phar-
maceutical product and dissolution medium. The fluid
path system also includes a holding container connected
to a second end of the delivery fluid path to receive the
mixture, adissolution fluid path valve positioned between
the pressure vessel and the dissolution fluid path to con-
trol flow of the dissolution medium, and a delivery fluid
path valve to control flow of the mixture from the delivery
fluid path to the holding container.

[0046] In accordance with another embodiment of the
present invention, a polarizer system to polarize a mate-
rial to be used in magnetic resonance (MR) imaging in-
cludes a cryogenic cooling system to cool a material to
be hyperpolarized to a cryogenic temperature and a su-
perconducting magnet positioned about the cryogenic
cooling system to create a magnetic field and hyperpo-
larize the material. The polarizer system also includes a
fluid delivery system to dissolve and deliver the hyper-
polarized material. The fluid delivery system further in-
cludes a sample container containing the material to be
hyperpolarized therein, a syringe containing a dissolution
medium therein, and an inner tube connected to the sy-
ringe to receive and transport the dissolution medium
therethrough, wherein the inner tube is in fluid commu-
nication with the sample container that has an inner vol-
ume in which the dissolution medium and the hyperpo-
larized material are in fluid contact. The fluid delivery sys-
tem also includes an outer tube hermetically connected
to the sample container to convey a hyperpolarized so-
lution out from the sample container that is comprised of
the dissolution medium and dissolved hyperpolarized
material.

[0047] In accordance with yet another embodiment of
the present invention, a method of manufacturing a fluid
path system includes the steps of hermetically sealing a
first end of an outer tube to a vial containing a solid ma-
terial to be hyperpolarized therein and positioning an in-
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ner tube within the outer tube, the inner tube having an
output end in fluid communication with an interior volume
of the vial. The method also includes the steps of con-
necting a syringe having a dissolution medium therein to
an input end of the inner tube and connecting a holding
container to a second end of the outer tube to receive a
hyperpolarized solution therein, wherein the hyperpolar-
ized solution is composed of the dissolution medium and
dissolved hyperpolarized material.

[0048] The present invention has been described in
terms of the preferred embodiment, and it is recognized
that equivalents, alternatives, and modifications, aside
from those expressly stated, are possible and within the
scope of the appending claims.

[0049] Various aspects and embodiments of the
present invention are defined by the following numbered
clauses:

1. Afluid path system comprising:

avialto contain a pharmaceutical product there-
in;

a dissolution fluid path having an output end in
fluid communication with the vial and an input
end attached to a pressure vessel to contain a
dissolution medium;

a delivery fluid path having a first end hermeti-
cally attached to the vial to transport therefrom
a mixture of dissolved pharmaceutical product
and dissolution medium;

wherein the dissolution fluid path and delivery
fluid path are tubular structures and the disso-
lution fluid path is positioned internal to or par-
allel to the delivery fluid path;

a receiving vessel connected to a second end
of the delivery fluid path to receive the mixture;

adissolution fluid path valve positioned between
the pressure vesseland the dissolution fluid path
to control flow of the dissolution medium;

a delivery fluid path valve to control flow of the
mixture from the delivery fluid path to the receiv-
ing vessel;

a filter cartridge integrated within the delivery
fluid path to remove at least one of an electron
paramagnetic agent (EPA) and a processing
agent from the hyperpolarized solution before
entering the receiving vessel;

a sliding seal unit positioned between the pres-
sure vessel and the vial to seal a cryogenically
cooled chamber containing the vial therein from
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an ambient environment without contacting con-
tents of the vial, and wherein said sliding seal is
seal unit biscects the dissolution fluid path and
delivery fluid path and is capable of traversing
the length of said fluid paths.

2. The fluid path system of clause 1 further compris-
ing a nozzle attached to the outlet end of the disso-
|ution fluid path to modify a fluid flow of a dissolution
medium into the vial.

3. The fluid path system of any preceding clause
wherein the nozzle is comprised of a formable poly-
mer material

4. The fluid path system of any preceding clause
wherein the nozzle includes a nozzle diameter and
anozzle depth based on atleast one of a composition
of the dissolution medium to be added to the disso-
lution fluid path , a temperature of the dissolution me-
dium to be added to the dissolution fluid path, a pres-
sure of the dissolution medium to be added to the
dissolution fluid path, and a quantity of the pharma-
ceutical product to be added to the vial.

5. The fluid path system of any preceding clause
wherein the pressure vessel is a syringe.

6. The fluid path system of any preceding clause
wherein the dissolution fluid path and the delivery
fluid path are comprised of a material having a low
thermal conductivity.

7. The fluid path system of any preceding clause
wherein the dissolution fluid path is formed of a ma-
terial having a different thermal conductivity than the
material from which the delivery fluid path is formed.

8. The fluid path system of any preceding clause
wherein the sliding seal unit comprises a material
capable of forming a vacuum seal with a leak rate of
less than or equal to 2.5 ml/hr.

9. The fluid path system of any preceding clause
wherein the material is teflon.

10. The fluid path system of any preceding clause
wherein the sliding seal unit exerts a force on the
delivery fluid path less than or equal to 25 Newtons.

11. The fluid path system of any preceding clause
wherein the dissolution fluid path valve and the de-
livery fluid path valve are comprised of a single valve
system that operates to restrict flow independently
inthe dissolutionfluid path and the delivery fluid path.

12. The fluid path system of any preceding clause
further comprising a pharmaceutical product posi-
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tioned within the vial wherein said pharmaceutical
product comprises a material to enhance contrastin
at least one of magnetic resonance (MR) imaging
and nuclear magnetic resonance (NMR) spectros-

copy.

13. The fluid path system of any preceding clause
further comprising a dissolution medium positioned
within the pressure vessel wherein said dissolution
medium comprises a base solution and a buffering
agent.

14. The fluid path system of any preceding clause
wherein each of the vial, the dissolution fluid path,
the delivery fluid path, and the receiving vessel are
composed of sterile medical grade materials to form
a sterile environment for the mixture.

15. A polarizer system to polarize a material to be
used in magnetic resonance (MR) imaging, the sys-
tem comprising:

a cryogenic cooling system to cool a material to
be hyperpolarized to a cryogenic temperature;

a superconducting magnet positioned about the
cryogenic cooling system to create a magnetic
field and hyperpolarize the material; and

a fluid delivery system to dissolve and deliver
the hyperpolarized material, the fluid delivery
system comprising:

a vial to contain a pharmaceutical product
therein;

adissolution fluid path having an outputend
in fluid communication with the vial and an
input end attached to a pressure vessel to
contain a dissolution medium;

a delivery fluid path having a first end her-
metically attached to the vial to transport
therefrom a mixture of dissolved pharma-
ceutical product and dissolution medium;

wherein the dissolution fluid path and deliv-
ery fluid path are tubular structures and the
dissolution fluid path is positioned internal
to or parallel to the delivery fluid path;

a receiving vessel connected to a second
end of the delivery fluid path to receive the
mixture;

a dissolution fluid path valve positioned be-
tween the pressure vessel and the dissolu-
tion fluid path to control flow of the dissolu-
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tion medium;

a delivery fluid path valve to control flow of
the mixture from the delivery fluid path to
the receiving vessel;

a filter cartridge integrated within the deliv-
ery fluid path to remove at least one of an
electron paramagnetic agent (EPA) and a
processing agent from the hyperpolarized
solution before entering the receiving ves-
sel;

a sliding seal unit positioned between the
pressure vessel and the vial to seal a cryo-
genically cooled chamber containing the vi-
al therein from an ambient environment
without contacting contents of the vial, and
wherein said sliding seal is seal unit biscects
the dissolution fluid path and delivery fluid
path and is capable of traversing the length
of said fluid paths.

16. The polarizer system of any preceding clause
further comprising a nozzle attached to the outlet
end of the dissolution fluid path to modify a fluid flow
of a dissolution medium into the vial.

17. The polarizer system of any preceding clause
wherein the nozzle is comprised of a formable poly-
mer material

18. The polarizer system of any preceding clause
wherein the nozzle includes a nozzle diameter and
anozzledepth based on atleast one of a composition
of the dissolution medium to be added to the disso-
|ution fluid path , atemperature of the dissolution me-
dium to be added to the dissolution fluid path, a pres-
sure of the dissolution medium to be added to the
dissolution fluid path, and a quantity of the pharma-
ceutical product to be added to the vial.

19. The polarizer system of any preceding clause
wherein the pressure vessel is a syringe.

20. The polarizer system of any preceding clause
wherein the dissolution fluid path and the delivery
fluid path are comprised of a material having a low
thermal conductivity.

21. The polarizer system of any preceding clause
wherein the dissolution fluid path is formed of a ma-
terial having a different thermal conductivity than the
material from which the delivery fluid path is formed.

22. The polarizer system of any preceding clause
wherein the sliding seal unit comprises a material
capable of forming a vacuum seal with a leak rate of
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less than or equal to 2.5 ml/hr

23. The polarizer system of any preceding clause
wherein the material is teflon.

24. The polarizer system of any preceding clause
wherein the sliding seal unit exerts a force on the
delivery fluid path less than or equal to 25 Newtons.

25. The polarizer systerm of any preceding clause
wherein the dissolution fluid path valve and the de-
livery fluid path valve are comprised of a single valve
system that operates to restrict flow independently
in the dissolution fluid path and the delivery fluid path.

26. The polarizer system of any preceding clause
further comprising a pharmaceutical product posi-
tioned within the vial wherein said pharmaceutical
product comprises a material to enhance contrastin
at least one of magnetic resonance (MR) imaging
and nuclear magnetic resonance (NMR) spectros-

copy.

27. A method of manufacturing a fluid path system
comprising the steps of:

hermetically sealing a first end of a delivery fluid
path to a vial, said delivery fluid path comprising
atubular structure and the vial containing a solid
material to be hyperpolarized therein;

positioning a dissolution fluid path within the de-
livery fluid path, the dissolution fluid path com-
prising a tubular structure and having an output
end in fluid communication with an interior vol-
ume of the vial;

connecting a syringe to an input end of the dis-
solution fluid path, the syringe having a dissolu-
tion medium therein; and

connecting a receiving vessel to a second end
of the delivery fluid path to receive a hyperpo-
larized solution therein, wherein the hyperpolar-
ized solution comprises a dissolution medium
and dissolved hyperpolarized material.

28. The method of any preceding clause further com-
prising the step of positioning a nozzle at the output
end of the dissolution fluid path.

29. The method of any preceding clause wherein the
positioning of the nozzle further comprises forming
the nozzle at the output end of the dissolution fluid
path, the forming comprising the steps of:

heating a portion of the dissolution fluid path to
a melting temperature;
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positioning a needle within the dissolution fluid
path having adiameter equal to a desired nozzle
diameter; and

removing the needle from the dissolution fluid
path after said dissolution fluid path has cooled
to form a nozzle having a desired diameter and
length.

30. The method of any preceding clause wherein the
positioning of the nozzle further comprises placing
the nozzle a desired distance from the solid material,
the desired distance determined by at least one of
the nozzle diameter, a composition of the dissolution
medium, a temperature of the dissolution medium,
and a quantity of the solid material.

31. The method of any preceding clause wherein the
positioning of the nozzle further comprises mounting
anozzle atthe output end of the dissolution fluid path.

32. The method of any preceding clause further com-
prising:

attaching a valve to control a flow of the disso-
lution medium through the dissolution fluid path;
and attaching a second valve to control a flow
of the hyperpolarized solution through the deliv-
ery fluid path.

33. The method of any preceding clause wherein the
receiving vesselis at least partially pre-filled with dis-
solution medium to modify at least one of pH, tem-
perature, and concentration of the hyperpolarized
solution.

34. The method of any preceding clause further com-
prising integrating afilter cartridge within the delivery
fluid path to remove at least one of an electron par-
amagnetic agent (EPA) and a processing agent from
the hyperpolarized solution.

Claims

A fluid path system (10) comprising:

a vial (28) to contain a pharmaceutical product
therein;

adissolution fluid path (36) having an outputend
in fluid communication with the vial and an input
end attached to a pressure vessel (48) to contain
a dissolution medium;

a delivery fluid path (44) having a first end her-
metically attached to the vial to transport there-
from a mixture of dissolved pharmaceutical
product and dissolution medium;

wherein the dissolution fluid path (36) and de-
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livery fluid path (44) are tubular structures and
the dissolution fluid path is positioned internal
to or parallel to the delivery fluid path;

a receiving vessel (55) connected to a second
end of the delivery fluid path to receive the mix-
ture;

a dissolution fluid path valve (40) positioned be-
tween the pressure vessel and the dissolution
fluid path to control flow of the dissolution me-
dium;

a delivery fluid path valve (52) to control flow of
the mixture from the delivery fluid path to the
receiving vessel;

afilter cartridge (54) integrated within the deliv-
ery fluid path to remove at least one of an elec-
tron paramagnetic agent (EPA) and a process-
ing agent from the hyperpolarized solution be-
fore entering the receiving vessel;

a sliding seal unit positioned between the pres-
sure vessel (48) and the vial to seal a cryogen-
ically cooled chamber containing the vial therein
from an ambient environmentwithout contacting
contents of the vial, and wherein said sliding seal
is seal unit biscects the dissolution fluid path and
delivery fluid path and is capable of traversing
the length of said fluid paths.

The fluid path system (10) of claim 1, further com-
prising a nozzle attached to the outlet end of the dis-
solution fluid path (36) to modify a fluid flow of a dis-
solution medium into the vial.

The fluid path system (10) of claim 2, wherein the
nozzle is comprised of a formable polymer material

The fluid path system (10) of any preceding claim,
wherein the nozzle includes a nozzle diameter and
anozzle depth based on atleastone ofa composition
of the dissolution medium to be added to the disso-
lutionfluid path , atemperature of the dissolution me-
dium to be added to the dissolution fluid path, a pres-
sure of the dissolution medium to be added to the
dissolution fluid path, and a quantity of the pharma-
ceutical product to be added to the vial.

The fluid path system (10) of any preceding claim,
wherein the pressure vessel (32) is a syringe.

The fluid path system (10) of any preceding claim,
wherein the dissolution fluid path and the delivery
fluid path are comprised of a material having a low
thermal conductivity.

The fluid path system (10) of any preceding claim,
wherein the dissolution fluid path (36) is formed of a
material having a different thermal conductivity than
the material from which the delivery fluid path is
formed.
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10.

1.

12.

13.

14.

The fluid path system (10) of any preceding claim,
wherein the sliding seal unit comprises a material
capable of forming a vacuum seal with a leak rate of
less than or equal to 2.5 ml/hr.

The fluid path system (10) of claim 8, wherein the
material is teflon.

The fluid path system (10) of any preceding claim,
wherein the sliding seal unit exerts a force on the
delivery fluid path less than or equal to 25 Newtons.

The fluid path system (10) of any preceding claim,
wherein the dissolution fluid path valve and the de-
livery fluid path valve are comprised of a single valve
system that operates to restrict flow independently
inthe dissolution fluid path and the delivery fluid path.

The fluid path system (10) of any preceding claim,
further comprising a pharmaceutical product posi-
tioned within the vial wherein said pharmaceutical
product comprises a material to enhance contrast in
at least one of magnetic resonance (MR) imaging
and nuclear magnetic resonance (NMR) spectros-

copy.

The fluid path system (10) of any preceding claim,
further comprising a dissolution medium positioned
within the pressure vessel wherein said dissolution
medium comprises a base solution and a buffering
agent.

A polarizer system to polarize a material to be used
in magnetic resonance (MR) imaging, the system
comprising:

a cryogenic cooling system to cool a material to
be hyperpolarized to a cryogenic temperature;
a superconducting magnet positioned about the
cryogenic cooling system to create a magnetic
field and hyperpolarize the material; and

a fluid delivery system (10) to dissolve and de-
liver the hyperpolarized material, the fluid deliv-
ery system comprising:

avial (28) to contain a pharmaceutical prod-
uct therein;

adissolutionfluid path (36) having an output
end in fluid communication with the vial and
an input end attached to a pressure vessel
to contain a dissolution medium;

a delivery fluid path (44) having a first end
hermetically attached to the vial to transport
therefrom a mixture of dissolved pharma-
ceutical product and dissolution medium;
wherein the dissolution fluid path and deliv-
ery fluid path are tubular structures and the
dissolution fluid path is positioned internal
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to or parallel to the delivery fluid path;

a receiving vessel connected to a second

end of the delivery fluid path to receive the
mixture;

adissolution fluid path valve positioned be- 5
tween the pressure vessel and the dissolu-

tion fluid path to control flow of the dissolu-

tion medium;

a delivery fluid path valve to control flow of

the mixture from the delivery fluid path to 10
the receiving vessel,

a filter cartridge integrated within the deliv-

ery fluid path to remove at least one of an
electron paramagnetic agent (EPA) and a
processing agent from the hyperpolarized 15
solution before entering the receiving ves-

sel;

a sliding seal unit positioned between the
pressure vessel and the vial to seal a cryo-
genically cooled chamber containing the vi- 20
al therein from an ambient environment
without contacting contents of the vial, and
wherein said sliding sealis seal unit biscects

the dissolution fluid path and delivery fluid
path and is capable of traversing the length 25
of said fluid paths.

15. A method of manufacturing a fluid path system (10)
comprising the steps of:

30
hermetically sealing afirst end of a delivery fluid
path (44) to a vial (28), said delivery fluid path
comprising a tubular structure and the vial con-
taining a solid material to be hyperpolarized
therein; 35
positioning a dissolution fluid path (36) within
the delivery fluid path, the dissolution fluid path
comprising a tubular structure and having an
output end in fluid communication with an inte-
rior volume of the vial; 40
connecting a syringe (32) to an input end of the
dissolution fluid path, the syringe having a dis-
solution medium therein; and
connecting a receiving vessel (48) to a second
end of the delivery fluid path to receive a hyper- 45
polarized solution therein, wherein the hyperpo-
larized solution comprises a dissolution medium
and dissolved hyperpolarized material.

50
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