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Description
Technical Field

[0001] Thisinventionis directed to determining amount
of combined nitric oxide in blood. There is a need for this
determination in a clinical setting. For example, blood
nitric oxide is depressed in patients with sickle cell dis-
ease and patients with pulmonary hypertension and de-
termination of this is useful to confirm diagnosis. See
Pawloski, J.R., et al., PNAS 102(7), 2531-2536 (2005)
and McMahon, T.J., et al. PNAS 102(41), 14801-14806
(10/11/2005). Moreover, blood nitric oxide is elevated in
those with sepsis; see Liu, L., et al., Cell 116, 617-628
(2004); and determination of this is useful to confirm di-
agnosis.

Background of the Invention

[0002] It is known that iron bound nitric oxide and S-
nitrosothiols in blood samples degrade and liberate free
nitric oxide when the samples are irradiated with ultravi-
olet (UV) electromagnetic radiation, allowing detection
of amount of free nitric oxide.

[0003] In existing machines for detecting amount of ni-
tric oxide bound to hemoglobin and in nitrosothiols in
blood, a 150 W mercury vapor lamp is used as a high
intensity, broad spectrum UV source that irradiates liquid
blood-containing samples as they flow through a Pyrex®
glass coil. The use of a 150 W mercury vapor lamp re-
quires a large surface area sample. A flow-through proc-
ess is necessary to provide the large surface area. A
flow-through stream is aerated with a helium carrier gas
stream, allowing free nitric oxide gas to be transported
to a separate unit that houses a nitric oxide detector
where the freed nitric oxide is reacted with ozone to gen-
erate light

(chemiluminescence) which is detected by a photomul-
tiplier tube. This method is described in Stamler et al.
U.S. Patent No. 5,459,076 and in Stamler U.S. Patent
No. 5,891,735. This method while useful in a research
setting is too cumbersome for a clinical setting. The nar-
row diameter of the tubing through which the samples
pass and elevated temperatures encountered, prohibit
measurement on turbid samples in the glass coil of the
tubing. Furthermore, the glass coil needs to be reused,
requiring cleaning between runs.

[0004] Luchtetal. U.S. Patent No. 6,982,426 teaches
a nitric oxide sensor and method comprising passing a
signal beam from a laser in a crystal through a sample
into a photomultiplier tube and detection of output ultra-
violet radiation which indicates level of nitric oxide by
comparison with control based on nitric oxide absorption
of ultraviolet radiation. Measurements are made by pho-
tomultiplier tubes. The apparatus and method are not
useful for biological samples and lack sensitivity.
[0005] Sackneretal.U.S.PatentNo. 7,090,648 teach-
es light/laser therapy in wound healing and indicates this
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therapy releases nitric oxide from hemoglobin and states
that this has the potential to enhance wound healing.
[0006] YURY VLADIMIROV ET AL: "NO-hemoglobin
may be a light-sensitive source of nitric oxide both in so-
lution and in red blood cells", JOURNAL OF PHOTO-
CHEMISTRY AND PHOTOBIOLOGY B: BIOLOGY, vol.
59, no. 1-3, 1 December 2000, pages 115-122 discloses
EPR detection of free nitric oxide produced as a result
of photolysis of the nitrosyl complex of haemoglobin by
means of a spin trap, nitronyl nitroxyl radical.

Summary of the Invention

[0007] It has been discovered herein that use of a low
power laser electromagnetic radiation beam or of a low
power light-emitting diode electromagnetic radiation to
liberate nitric oxide gas from a blood sample, allows use
on a stationary small volume, small surface area sample
which may constitute whole cells and use of a disposable
sample container. As used herein the term "low power"
means less than 100 milliwatts, e.g. 30 to 60 milliwatts,
e.g. 50 milliwatts.

[0008] A firstembodiment herein is directed at a meth-
od for liberating nitric oxide gas from nitric oxide present
as iron nitrosyls and as nitrosothiols in a blood sample,
comprising the steps of:

(a) introducing the blood sample into a sample con-
taining zone having a front side which is electromag-
netic radiation transparent and a rear side which is
porous to the extent of permitting nitric oxide gas to
pass therethrough while preventing protein from
passing therethrough;

(b) directing electromagnetic radiation of less than
100 milliwatts at said front side to cause liberation
of nitric oxide gas from iron nitrosyls and as nitro-
sothiols and passage of the liberated nitric oxide gas
from said rear side;

(c) providing a solvent containing zone to dissolve
the liberated nitric oxide gas that has passed through
said rear side where the solventis one that dissolves
nitric oxide gas;

(d) electrochemically detecting the amount of dis-
solved nitric oxide gas in the solvent which corre-
sponds to the total amount of nitric oxide present as
iron nitrosyls and as nitrosothiols in the sample.

[0009] Preferably, the blood sample is untreated.
[0010] A second embodiment herein is directed at a
method for liberating nitric oxide gas from nitric oxide
present as iron nitrosyls in a blood sample which has
been treated with a nitrosothiol degrading agent to de-
grade nitrosothiols in the sample to nitrous acid, com-
prising the steps of:

(a) introducing the blood sample into a sample con-
taining zone having a front side which is electromag-
netic radiation transparent and a rear side which is
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porous to the extent of permitting nitric oxide gas to
pass therethrough while preventing protein from
passing therethrough;

(b) directing electromagnetic radiation of less than
100 milliwatts at said front side to cause liberation
of nitric oxide gas from iron nitrosyls and passage of
the liberated nitric oxide gas from said rear side;
(c) providing a solvent containing zone to dissolve
the liberated nitric oxide gas that has passed through
said rear side where the solventis one that dissolves
nitric oxide gas;

(d) electrochemically detecting the amount of dis-
solved nitric oxide gas in the solvent which corre-
sponds to the total amount of nitric oxide present as
iron nitrosyls in the sample.

[0011] In a preferred embodiment, the method is for
determining the amount of nitric oxide present as nitro-
sothiols and also the amount of nitric oxide present as
iron nitrosyls and the method comprises:

(i) obtaining two samples of blood from the same
source;

(ii) treating the one sample with a nitrosothiols de-
grading agent to cause decomposition of nitrosothi-
ols to nitrous acid and leaving iron nitrosyls in the
sample and leaving the other sample untreated with
a nitrosothiols degrading agent;

(iii) separately subjecting both the treated and un-
treated samples to analysis by steps (a) to (d) set
out above.

[0012] A third embodiment herein is directed at an ap-
paratus for conducting a method described above com-
prising:

a blood sample containing zone having a front side
which is electromagnetic radiation transparent and
arear side which is porous to the extent of permitting
nitric oxide gas to pass therethrough while prevent-
ing protein from passing therethrough;

a low power electromagnetic radiation emitter for di-
recting said radiation at said front side;

a solvent containing zone to receive for dissolution
in the solvent the liberated nitric oxide gas that pass-
es through said rear side; and

a nitric oxide electrode for detecting voltage gener-
ated by the presence of nitric oxide in the solvent.

[0013] Preferably, there are two blood containing
zones each with a respective solvent containing zone.

Brief Description of the Drawings

[0014]

Figure 1 depicts a disposable phlebotomy cassette
for holding the first sample and treated second sam-
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ple of the method for determining the amount of nitric
oxide present as nitrosothiols and also the amount
of nitric oxide present as iron nitrosyls described
above;

Figure 2 depicts a reusable housing for holding sol-
vent and for insertion of electrode, for use in asso-
ciation with the cassette of Figure 1;

Figure 3 depicts an assembly of the cassette of Fig-
ure 1 and the housing of Figure 2;

Figure 4 is an exploded view of the assembly of Fig-
ure 3 showing some interior details;

Figure 5 is a schematic of apparatus for the method
for determining the amount of nitric oxide present as
nitrosothiols and also the amount of nitric oxide
present as iron nitrosyls described above.

Detailed Description

[0015] A low power radiation emitter is used in all em-
bodiments herein because it has been found that such a
radiation emitter can be used to deliver a large dose of
radiation to a stationary small sample of blood to liberate
nitric oxide gas therefrom. The dose of energy delivered
by the emitter is proportional to the power of the emitter
and inversely proportional to the diameter of the emitter
beam.

[0016] The low power electromagnetic radiation can
preferably be ultraviolet radiation having a wavelength
ranging from 300 to 400 nm, very preferably from 325 to
355 nm. This can be provided by a low power ultraviolet
laser especially a neodymium-doped yttrium aluminum
garnet laser, i.e. a Nd:Y3Al;04, laser, which emits ultra-
violet radiation or by atunable laser tuned, e.g. to provide
325 to 355 nm radiation, commercially available from
Opotek, Inc. (California) in the specified range. This low
power ultraviolet radiation can also be provided by an
ultraviolet light-emitting diode which is commercially
available to emit ultraviolet radiation in these wave-
lengths.

[0017] The low power electromagnetic radiation can
also be ultraviolet radiation having a wavelength ranging
from 210 to 220 nm, e.g. 220 nm. Light-emitting diodes
emitting ultraviolet radiation down to 210 nm wavelength
are available, e.g. aluminum gallium indium nitride light
emitting diodes emitting down to 210 nm wavelength are
available.

[0018] The low power electromagnetic radiation can
also be low power visible electromagnetic radiation hav-
ing a wavelength ranging from 500 to 600 nm. This can
be provided by a low power green LED lamp which is
commercially available.

[0019] The low power electromagnetic radiation can
also be low power near infrared radiation (700-1400 nm
wavelength). This can be provided by a near-infrared
light-emitting diode which is commercially available.
[0020] The 210-220 nm, 300-400, 500-600 nm and
near-infrared wavelength emissions referred to above
degrade nitrosothiols to gaseous nitric oxide and to pro-
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vide adequate absorbance into iron nitrosyls (character-
istic moiety for nitric oxide bound to heme) to liberate
gaseous nitric oxide therefrom.

[0021] We turn now to the blood sample. It has a small
surface area and small volume. For example, it can have
a diameter ranging, for example, from 2 to 6 mm with a
transverse dimension of, for example, 0.5 to 1 mm.
[0022] Thebloodsample isreadily obtained by pricking
a finger with a sharp and may be loaded into a sample
holder by capillary action.

[0023] If it is only desired to liberate nitric oxide from
iron nitrosyls in blood, the blood sample is treated with
metal ion (e.g., mercury (Il) ion or Ag* ion), e.g. mercury
chloride, or organic mercury (e.g., methyl mercury) to
degrade nitrosothiols in the sample to nitrous acid (which
does not liberate nitric oxide on receiving electromagnet-
ic radiation energy). This can be carried out by providing
nitrosothioldegrading agentin a sample containing (hold-
ing) zone before loading of blood sample therein. In this
case the radiation emitter is directed at the blood sample
which has been treated to degrade nitrosothiol and the
term "blood sample" includes untreated blood sample as
well as nitrosothiols degraded treated (treated with nitro-
sothiols degrading agent) blood sample.

[0024] Alaser orlight-emitting diode is positioned, e.g.,
up to a foot (0.3 m), for example, 6 to 10 inches (15 to
25 cm) from the sample. This distance can be reduced
if fiber optic transmission of emitter beam is utilized.
[0025] An electromagnetic radiation beam is directed
at the sample and preferably on reaching the sample,
has a cross-sectional area the same as and coextensive
with the cross-sectional area of the sample.

[0026] The electromagnetic radiation treatment caus-
es photolysis of nitrosothiols and iron nitrosyls in a blood
sample or a treated blood sample to release gaseous
nitric oxide and is continued until nitric oxide gas emission
is no longer noted.

[0027] The front side (wall) of the sample containing
zone is electromagnetic radiation transparent so the front
wall of the sample containing zone does not cause at-
tenuation of radiation energy emitting to the front side of
the samples, i.e. transmits at least approximately 95%
of the radiation energy directed thereat.

[0028] The front side of the sample holding zone can
be, for example, Vycor® glass (Corning Glass Works),
or quartz.

[0029] The rear side of the sample containing zone is
preferably of a material of construction which is porous
to the extent of permitting passage of nitric oxide gas but
not to the extent of permitting passage of protein, e.g.,
40 micron pores, so as to separate liberated nitric oxide
gas from protein so liberated nitric oxide gas cannot re-
combine with protein. The rear side of the sample con-
taining zone is preferably of Vycor®glass.

[0030] The solvent containing zone except adjacent
the rear side gas passage permitting portion of the sam-
ple holding zone, is constructed of an inert material, e.g.
polytetrafluoroethylene and is preferably painted black

10

15

20

25

30

35

40

45

50

55

except adjacent where nitric oxide gas is passing from
the sample container (as explained later).

[0031] The solvent in the solvent containing zone is
one that has a higher solubility for nitric oxide gas than
the sample and is preferably methanol.

[0032] The electrochemical detection is with nitric ox-
ide selective electrode which is anion selective electrode
thatgenerates a small voltage (e.g., in the picovoltrange)
which is quantitatively proportional to this concentration
of nitric oxide dissolved in solvent when immersed in the
solvent with nitric oxide dissolved therein.

[0033] We turn now to calibration of the response pro-
vided by the electrode with amount of nitric oxide gas
released and dissolved in the solvent. Nitrosoglutathione
can be used to calibrate for photolysis of amount of nitric
oxide from nitrosothiols and sodium nitroprusside can be
used to calibrate for photolysis of amount of nitric oxide
from iron nitrosyls and both cover the range of amounts
of nitric oxide from the combined nitric oxide. Nitric oxide
selective electrodes are commercially available.

[0034] Inapreferred method, the blood sample is load-
ed into the sample containing zone with and/or without
nitrosothiol degrading agent therein, e.g. by pricking a
finger with alancet or other sharp and loading the sample
into the sample containing zone, for example, by capillary
action, solvent is introduced into a solvent containing
zone, the rear side of the sample containing zone is po-
sitioned adjacent the solvent containing zone, followed
by positioning a low power electromagnetic radiation
emitter (low power laser or low power light-emitting di-
ode) up to 12 inches (0.3 m) away from the sample con-
taining zone and irradiating sample in the sample con-
taining zone with the electromagnetic radiation emitter
emitting a beam of cross-sectional area corresponding
to the cross-sectional area of the sample. The electrode
is lowered into the solvent containing zone and detects
agenerated voltage corresponding to the amount of nitric
oxide in the solvent containing zone. Electromagnetic ra-
diation beam is directed at the sample for as long as nitric
oxide gas increase is detected, whereupon the electro-
magnetic radiation source is turned off and the electrode
is raised out of contact with the solvent whereupon ap-
paratus providing the sample containing zone may be
discarded.

[0035] The generated voltage detected by the elec-
trode is in the picovolt range and is amplified using a DC
amplifier formeasurement, e.g., using a voltmeter. A sig-
nal integrator can be present in the system to quantify
the area under any peak. Signal from the amplifier and/or
signal integrator may feed into an analog to digital con-
verter which passes a signal to a computer or volt meter
or other digital interface to provide digital or graphical
readout indicating amount of combined nitric oxide, that
is total nitric oxide present as nitrosothiols and iron ni-
trosyls (no nitrosothiol destroying agent used), or amount
of nitric oxide present as iron nitrosyls (nitrosothiol de-
stroying agent used).

[0036] The front side of the sample containing zone is



7 EP 2170 157 B1 8

transparent to whichever electromagnetic radiation is
emitted in the direction of the sample containing zone to
allow passing of the electromagnetic radiation into the
sample containing zone and cause liberation of nitric ox-
ide from the sample.

[0037] A preferred system for carrying out the method
for determining the amount of nitric oxide present as ni-
trosothiols and also the amount of nitric oxide present as
iron nitrosyls is depicted in Figures 1-5.

[0038] With reference to Figure 1, there is schemati-
cally depicted a disposable phlebotomy cassette 10
which contains blood sample containing chambers 12
and 14 which both constitute sample containing zones.
A front wall 16 of cassette 10 is of Vycor® glass or other
electromagnetic radiation transparent material (i.e. to
whichever kind of electromagnetic radiation is used) and
arear wall 18 of the cassette is constituted, for example,
of Vycor® glass (40 micron pores) and reliance is placed
on the rear wall’s property of being porous to nitric oxide
gas but preventing passage therethrough of protein. The
blood sample containing chamber 12 is impregnated with
mercury (lI) chloride or other nitrosothiols destroying
agent so as not to interfere with absorption of electro-
magnetic radiation by blood sample. Blood sample con-
taining chambers 12 and 14 are, for example, 4 mm di-
ameter and 5 mm transverse dimension. The chamber
12 contains nitrosothiols destroying agent, e.g. mercury
() chloride, in large excess, compared to nitrosothiols
that are present; the chamber 14 does not contain nitro-
sothiols destroying agent.

[0039] Communicating with chamber 12 is a capillary
blood sample containing chamber/zone inlet 20. Com-
municating with chamber 14 is a capillary blood sample
containing chamber/zone inlet 22.

[0040] With reference to Figure 2, there is schemati-
cally depicted a reusable solvent reservoir/electrode in-
troduction compartment or housing 24 which provides a
solvent containing zone and which is constructed of inert
material (i.e., inert to solvent and nitric oxide gas), e.g.
polytetrafluoroethylene. The element 24 contains two
solvent reservoir compartments 26 and 28 separated by
a partition 30. The element 24 contains a solid back wall
and a front wall with circular openings 32 and 34, respec-
tively, into each of the compartments 26 and 28. The
opening 32 is bounded by a ring shaped upstanding pro-
truding wall 36, and the opening 34 is bounded by ring
shaped upstanding protruding wall 38. An upper wall of
element 24 is provided with an opening 40 for introduction
of an electrode into compartment 26 and an opening 42
for introduction of electrode into compartment 28. Each
of the upstanding walls 36 and 38 is colored black or
otherwise provided with electromagnetic radiation shield-
ing to minimize and guard against electromagnetic radi-
ation scattering to inserted electrode (described later)
since electromagnetic radiation affects the voltage de-
tected by an electrode.

[0041] The disposable cassette 10 and solvent reser-
voir/electrode introduction compartment 24 are assem-
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bled, for example, by clamping cassette 10 to solvent
reservoir/electrode introduction compartment 24 so the
rear side of cassette 10 adjacent chambers 12 and 14 is
contiguous with openings 32 and 34 (Figure 2). Alterna-
tively, cassette 10 can be attached to element 24 by pro-
viding retaining brackets on the front side of element 24
or by providing structure on the front of element 24 pro-
viding an insertion slot for assembling cassette 10 and
element 24. The assembly provided is schematically de-
picted in Figure 3 which is denoted 58.

[0042] Figure 4 depicts an exploded view of the as-
sembly of Figure 3, and indicates the cassette 10 posi-
tioned in front of a front wall 44 of element 24. The front
wall 44 is forward of rear wall 46 of element 24. Element
44 contains a left side wall 48, a right side wall 50, an
interior vertical wall 52 dividing element 24 into compart-
ments 26 and 28 (depicted in Figure 2), a bottom wall 54
and a top wall 56 containing electrode insertion openings
40 and 42 (also depicted in Figure 2).

[0043] Figure 5 depicts phlebotomy cassette 10 (see
also Figure 1), solvent reservoir/electrode introduction
compartment 24 (see also Figure 2), assembly 58 (see
also Figure 3) as well as an electromagnetic radiation
source depicted as a laser source 60 which directs a
laser beam 62 of 325 - 355 nm frequency and 50 milliwatts
power, e.g. a Nd:Y3A504, laser, at one of the sample
containing compartments 12 and 14, from a distance, for
example, of 6 to 10 inches (15 to 25 cm), providing a
laser beam of cross-sectional area at assembly 58 co-
extensive with the inlet opening of a sample containing
compartment (12 or 14) to which it is directed.

[0044] Also depicted in Figure 5 is a nitric oxide selec-
tive electrode 64 provided with a vertical actuator (not
shown) which can be operated by a computer to raise or
lower the electrode 64 into the appropriate electrode in-
sertion opening (40 or 42). The electrode 64 is shown
inserted into compartment 26 (Figure 2) at 65 (Figure 5).
[0045] The electrode 64 is a nitric oxide selective elec-
trode detecting voltage generated by presence of nitric
oxide gas in solvent in 24 and providing a signal 66 in
picovolts to a DC amplifier 68 which in turn provides an
amplified signal to a signal integrator and to a graphic
readout device 70 which provides readout of amount of
nitric oxide dissolved in solvent corresponding to amount
of nitric oxide present as combined nitric oxide.

[0046] In use, finger of patient for whom blood nitric
oxide data is desired, is pricked with a lancet, e.g. at
bedside, to provide blood flow by capillary action through
channels 20 and 22 respectively into chambers 12 and
14 (Figure 1). Then element 24 (Figure 2) laid flat with
rings 36 and 38 facing up, is filled through openings 32
and 34 with solvent that is of higher solubility for nitric
oxide gas than the blood sample, preferably methanol.
1. The cassette 10 is then assembled with element 24
so compartments 12 and 14 are opposite openings 32
and 34 respectively, e.g. by clamping cassette 10 to el-
ement 24 so that windows for compartments 12 and 14
are in front of the cassette 10. Then laser 60 (Figure 5)
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is turned on to provide beam of ultraviolet laser irradiation
of 325 - 355 nm of intensity high enough to maximize
nitric oxide that is liberated (i.e. is the intensity sufficient
to break bonds to nitric oxide) but not so large as to break
down or otherwise interfere with providing liberated nitric
oxide) into compartment 12 or compartment 14, e.g. 50
milliwatts power. Electrode 64 (Figure 5) is lowered into
solvent reservoir 26 after the laser beam of laser 60 is
directed at sample compartment 12 and raised from com-
partment 12 after electrochemical detection of released
nitric oxide, and lowered into solvent reservoir 28 after
the laser beam of laser 60 is directed at sample compart-
ment 14 and raised from compartment 14 after electro-
chemical detection of released nitric oxide. The raising
and lowering of electrode 64 into compartments 26 and
28 is preferably by computer activation of driving motor
(not shown). Separate measurements are obtained in
succession in either order.

[0047] The nitrosothiol destroying agent in compart-
ment 12 degrades (selectively cleaves) the nitrosothiols
therein to nitrous acid from which nitric oxide is not lib-
erated by electromagnetic radiation.

[0048] When the laser beam 62 is aimed at compart-
ment 12, electrode 64 is lowered through opening 40 into
solvent compartment 26. The laser treatment liberates
gaseous nitric oxide from iron nitrosyls in the sample in
compartment 12 which passes from compartment 12 to
diffuse through the porous back wall of cassette 10 into
compartment 26 where the liberated nitric oxide is dis-
solved in the solvent in chamber 26. Laser irradiation is
continuedfor as long as reading onreadout at 70 increas-
es. The readout indicates the amount of nitric oxide
present as iron nitrosyls in the sample.

[0049] When the laser beam 62 is aimed at compart-
ment 14, electrode 64 is lowered through opening 42 into
solvent compartment 28. The laser treatment liberates
nitric oxide from iron nitrosyls and also from nitrosothiols.
The liberated nitric oxide passes through the porous back
wall of cassette 10 into solvent reservoir 28 whereby
amount of dissolved nitric oxide is detected to provide
readout at 70 of total nitric oxide present as combined
nitric oxide.

[0050] The porous back wall of cassette 10 allows pas-
sage of nitric oxide gas into solvent containing zones but
no protein so irradiation causes continuous release of
nitric oxide without any rebinding to protein.

[0051] The determination of total nitric oxide present
as combined nitric oxide and of nitric oxide present as
iron nitrosyls allows computation of ratio of nitric oxide
present as iron nitrosyls to total nitric oxide, i.e. present
as combined nitric oxide, and by difference determination
of amount of nitrosothiols in a sample thereby providing
data allowing diagnosis and/or confirmation of diagnosis.
[0052] Thelaser 60 can be replaced by a light-emitting
diode that emits 210-220 nm wavelength ultraviolet ra-
diation or 300-400 nm wavelength ultraviolet radiation or
500-600 nm wavelength visible radiation or 700-1400 nm
wavelength near-infrared radiation with excellently com-
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parable results.
Variations

[0053] The foregoing description of the invention has
been presented describing certain operable and pre-
ferred embodiments. It is not intended that the invention
should be so limited since variations and modifications
thereof will be obvious to the skilled in the art, all of which
are within the scope of the invention as defined by the
following claims.

Claims

1. A method for liberating nitric oxide gas from nitric
oxide present as iron nitrosyls and as nitrosothiols
in a blood sample, comprising the steps of:

(a) introducing the blood sample into a sample
containing zone (12) having a front side (16)
which is electromagnetic radiation transparent
and a rear side (18) which is porous to the extent
of permitting nitric oxide gas to pass there-
through while preventing protein from passing
therethrough;

(b) directing electromagnetic radiation of less
than 100 milliwatts at said front side (16) to
cause liberation of nitric oxide gas from iron ni-
trosyls and nitrosothiols and passage of the lib-
erated nitric oxide gas from said rear side (18);
(c) providing a solvent containing zone (24) to
dissolve the liberated nitric oxide gas that has
passed through said rear side (18) where the
solvent is one that dissolves nitric oxide gas;
(d) electrochemically detecting the amount of
dissolved nitric oxide gas in the solvent which
corresponds to the total amount of nitric oxide
present as iron nitrosyls and as nitrosothiols in
the sample.

2. A method of claim 1 where the blood sample is un-
treated.

3. A method for liberating nitric oxide gas from nitric
oxide present as iron nitrosyls in a blood sample
which has been treated with a nitrosothiol degrading
agent to degrade nitrosothiols in the sample to ni-
trous acid, comprising the steps of:

(a) introducing the blood sample into a sample
containing zone (12) having a front side (16)
which is electromagnetic radiation transparent
and a rear side (18) which is porous to the extent
of permitting nitric oxide gas to pass there-
through while preventing protein from passing
therethrough;

(b) directing electromagnetic radiation of less
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than 100 milliwatts at said front side (16) to
cause liberation of nitric oxide gas from iron ni-
trosyls and passage of the liberated nitric oxide
gas from said rear side (18);

(c) providing a solvent containing zone (24) to
dissolve the liberated nitric oxide gas that has
passed through said rear side (18) where the
solvent is one that dissolves nitric oxide gas;
(d) electrochemically detecting the amount of
dissolved nitric oxide gas in the solvent which
corresponds to the total amount of nitric oxide
present as iron nitrosyls in the sample.

A method of claim 1 for determining the amount of
nitric oxide present as nitrosothiols and also the
amount of nitric oxide present as iron nitrosyls com-
prising:

(i) obtaining two samples of blood from the same
source;

(ii) treating the one sample with a nitrosothiols
degrading agent to cause decomposition of ni-
trosothiols to nitrous acid and leaving iron ni-
trosyls in the sample and leaving the other sam-
ple untreated with a nitrosothiols degrading
agent;

(iii) separately subjecting both the treated and
untreated samples to analysis by steps (a) to (d)
of claim 1.

A method of claim 1 or claim 4 where the solvent in
step (c) is methanol.

A method of any one of the preceding claims where
the electromagnetic radiation is ultraviolet radiation.

A method of any one of claims 1 to 5 where the low
power electromagnetic radiation is visible electro-
magnetic radiation having a wavelength ranging
from 500 to 600 nm.

A method of any one of claims 1 to 5 where the elec-
tromagnetic radiation is near-infrared radiation.

A method of any one of claims 1 to 5 where the elec-
tromagnetic radiation is from a laser (60).

A method of any one of claims 1 to 5 where the elec-
tromagnetic radiation is from a light-emitting diode.

A method of claim 6 where the ultraviolet radiation
has a wavelength ranging from 300 to 400 nm.

The method of claim 6 where the ultraviolet radiation
has a wavelength ranging from 210 to 220 nm.

An apparatus for conducting a method of Claim 1
comprising:
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a blood sample containing zone (12) having a
frontside (16) which is electromagnetic radiation
transparent and a rear side (18) which is porous
tothe extent of permitting nitric oxide gas to pass
therethrough while preventing protein from
passing therethrough;

a electromagnetic radiation emitter (60) for di-
recting electromagnetic radiation of less than
100 milliwatts at said front side;

a solvent containing zone (24) to receive for dis-
solution in the solvent the liberated nitric oxide
gas that passes through said rear side; and

a nitric oxide electrode (64) for detecting voltage
generated by the presence of nitric oxide in the
solvent.

14. An apparatus of claim 13 where there are two blood

containing zones (12 and 14) each with a respective
solvent containing zone (26 and 28).

Patentanspriiche

1.

Ein Verfahren fiir das Befreien von Stickstoffmono-
xidgas aus als Eisennitrosyle und als Nitrosothiole
in einer Blutprube vorhandenem Stickstoffmonoxid,
umfassend folgende Schritte:

(a) Einfuhren der Blutprobe in eine Proben ent-
haltende Zone (12) mit einer Vorderseite (16),
welche durchlassig fir elektromagnetische
Strahlung ist, und mit einer Riickseite (18), wel-
che soweit pordsist, dass Stickstoffmonoxidgas
sie passieren kann, wahrend sie Protein daran
hindert, sie zu passieren;

(b) Richten einer elektromagnetischen Strah-
lung von weniger als 100 Milliwatt auf die ge-
nannte Vorderseite (16), um die Befreiung des
Stickstoffmonoxidgases aus den Eisennitrosy-
len und Nitrosothiolen und das Passieren des
befreiten Stickstoffmonoxidgases durch die ge-
nannte Rickseite (18) zu bewirken;

(c) Vorsehen einer Losungsmittel enthaltenden
Zone (24), um das befreite Stickstoffmonoxid-
gas aufzulésen, welches die genannte Ricksei-
te (18) passiert hat, wobei das Losungsmittel ein
solches ist, das Stickstoffmonoxidgas auflést;
(d) elektrochemisches Bestimmen der Menge
des aufgel6sten Stickstoffmonoxidgases in dem
Lésungsmittel, welche der Gesamtmenge des
als Eisennitrosyle und als Nitrosothiole in der
Probe enthaltenen Stickstoffmonoxids ent-
spricht.

2. Verfahrenvon Anspruch 1, bei welchem die Blutpro-

be unbehandelt ist.

3. Verfahren flir das Befreien von Stickstoffmonoxid-
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gas aus Stickstoffmonoxid, welches als Eisennitro-
syle in einer Blutprube vorhanden ist, die mit einem
Nitrosothiol abbauenden Wirkstoff behandelt wor-
den ist, um die Nitrosothiole in der Probe zu salpet-
riger Sure abzubauen, umfassend folgende Schrit-
te:

(a) Einfuhren der Blutprobe in eine Proben ent-
haltende Zone (12) mit einer Vorderseite (16),
welche durchlassig fir elekiromagnetische
Strahlung ist, und mit einer Rickseite (18), wel-
che so weit pords ist, dass Stickstoffmonoxidgas
sie passieren kann, wahrend sie Protein daran
hindert, sie zu passieren;

(b) Richten einer elektromagnetischen Strah-
lung von weniger als 100 Milliwatt auf die ge-
nannte Vorderseite (16), um die Befreiung des
Stickstoffmonoxidgases aus den Eisennitrosy-
len und das Passieren der genannten Riickseite
(18) durch das befreite Stickstoffmonoxidgas zu
bewirken;

(c) Vorsehen einer Losungsmittel enthaltenden
Zone (24), um das befreite Stickstoffmonoxid-
gas aufzulésen, welches die genannte Riicksei-
te (18) passierthat, wobei das Losungsmittel ein
solches ist, das Stickstoffmonoxidgas auflst;
(d) elektrochemisches Detektieren der Menge
des aufgeldsten Stickstoffmonoxidgasesin dem
Lésungsmittel, welche der Gesamtmenge des
als Eisennitrosyle in der Probe enthaltenen
Stickstoffmonoxids entspricht.

Verfahren von Anspruch 1 fir das Bestimmen der
Menge des als Nitrosothiole vorhandenen Stickstoff-
monoxids und auch der Menge des als Eisennitro-
syle vorhandenen Stickstoffmonoxids, umfassend:

(i) Entnehmen von zwei Blutproben aus dersel-
ben Quelle;

(ii) Behandeln der einen Probe mit einem Nitro-
sothiole abbauenden Wirkstoff, um den Zerfall
von Nitrosothiolen zu salpetriger Saure zu ver-
ursachen, und Belassen von Eisennitrosylen in
der Probe, und das Nichtbehandeln der anderen
Probe mit einem Nitrosothiole abbauenden
Wirkstoff;

(iii) separates Unterziehen sowohl der behan-
delten Probe als auch der unbehandelten Probe
einer Analyse durch die Schritte (a) bis (d) von
Anspruch 1.

Verfahren von Anspruch 1 oder Anspruch 4, bei wel-
chem das Lésungsmittel in Schritt (c) Methanol ist.

Verfahren eines beliebigen der vorhergehenden An-
spriiche, bei welchem die elektromagnetische Strah-
lung Ultraviolettstrahlung ist.
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7.

10.

1.

12.

13.

14.

Verfahren eines beliebigen der Anspriiche 1 bis 5,
bei welchem die elektromagnetische Niedrigener-
giestrahlung eine sichtbare elektromagnetische
Strahlung mit einer von 500 bis 600 nm reichenden
Wellenlange ist.

Verfahren eines beliebigen der Anspriiche 1 bis 5,
bei welchem die elektromagnetische Strahlung Na-
hinfrarotstrahlung ist.

Verfahren eines beliebigen der Anspriiche 1 bis 5,
bei welchem die elektromagnetische Strahlung aus
einem Laser (60) kommt.

Verfahren eines beliebigen der Anspriiche 1 bis 5,
bei welchem die elektromagnetische Strahlung aus
einer Leuchtdiode (LED) kommt.

Verfahren von Anspruch 6, bei welchem die Ultravi-
olettstrahlung eine von 300 bis 400 nm reichende
Wellenlange hat.

Das Verfahren von Anspruch 6, bei welchem die Ul-
traviolettstrahlung eine von 210 bis 220 nm reichen-
de Wellenlange hat.

Eine Vorrichtung fiir das Durchfiihren eines Verfah-
rens nach Anspruch 1, umfassend: eine Blutproben
enthaltende Zone (12) mit einer Vorderseite (16),
welche durchlassig fur elektromagnetische Strah-
lung ist, und mit einer Ruickseite (18), welche so weit
pords ist, dass Stickstoffmonoxidgas sie passieren
kann, wahrend sie Protein daran hindert, sie zu pas-
sieren;

eine elektromagnetische Strahlungsquelle (60), um
die elektromagnetische Strahlung von weniger als
100 Milliwatt auf die genannte Vorderseite zurichten;
eine Lésungsmittel enthaltenden Zone (24), um das
befreite Stickstoffmonoxidgas, welches die genann-
te Ruckseite passiert, zur Auflésung im Lésungsmit-
tel aufzunehmen, sowie

eine Stickstoffmonoxid-Elektrode (64) fir das Detek-
tieren einer durch das Vorhandensein von Stickstoff-
monoxid in dem Ldsungsmittel erzeugten Span-
nung.

Vorrichtung von Anspruch 13, bei welcher zwei Blut
enthaltende Zonen (12 und 14), jede von ihnen mit
einer jeweiligen Losungsmittel enthaltenden Zone
(26 und 28), vorhanden sind.

Revendications

Méthode de libération de gaz d’oxyde nitrique d’oxy-
de nitrique présent sous forme de complexe fer-ni-
trosyles et de nitrosothiols dans un échantillon de
sang, comprenant les étapes consistant a :
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(a) introduire I'échantillon de sang dans une zo-
ne de contenance (12) d’échantillon comportant
un c6té avant (16) qui est transparent a un
rayonnement électromagnétique et un coté ar-
riere (18) qui est poreux dans la mesure permet-
tant a du gaz d’oxyde nitrique de le traverser
tout en empéchant le passage d’une protéine a
travers ce dernier ;

(b) diriger un rayonnement électromagnétique
de moins de 100 milliwatts au niveau dudit c6té
avant (16) de fagon a provoquer une libération
de gaz d’oxyde nitrique de complexe fer-nitro-
syles et de nitrosothiols et un passage du gaz
d’oxyde nitrique libéré a partir dudit c6té arriere
(18);

(c) établir une zone de contenance (24) de sol-
vant servant a dissoudre le gaz d’oxyde nitrique
libéré qui a traversé ledit c6té arriere (18), dans
laquelle le solvant est du type qui dissout le gaz
d’oxyde nitrique ;

(d) deétecter par réaction électrochimique la
quantité de gaz d’oxyde nitrique dissout dans le
solvant qui correspond a la quantité totale d’oxy-
de nitrique présent sous forme de complexe fer-
nitrosyles et de nitrosothiols dans I'échantillon.

Méthode selon la revendication 1, dans laquelle
I'échantillon de sang n’est pas traité.

Méthode de libération de gaz d’oxyde nitrique d’oxy-
de nitrique présent sous forme de complexe fer-ni-
trosyles dans un échantillon de sang qui a été traité
avec un agent de dégradation de nitrosothiols de
fagon a dégrader les nitrosothiols de I’échantillon en
acide nitreux, comprenant les étapes consistant a :

(a) introduire I'échantillon de sang dans une zo-
ne de contenance (12) d’échantillon comportant
un c6té avant (16) qui est transparent a un
rayonnement électromagnétique et un coté ar-
riere (18) qui est poreux dans la mesure permet-
tant a du gaz d’oxyde nitrique de le traverser
tout en empéchant le passage d’une protéine a
travers ce dernier ;

(b) diriger un rayonnement électromagnétique
de moins de 100 milliwatts au niveau dudit cété
avant (16) de fagon a provoquer une libération
de gaz d’oxyde nitrique de complexe fer-nitro-
syles et un passage du gaz d’oxyde nitrique li-
béré a partir dudit cété arriere (18) ;

(c) établir une zone de contenance (24) de sol-
vant servant a dissoudre le gaz d’oxyde nitrique
libéré qui a traversé ledit c6té arriere (18), dans
laquelle le solvant est du type qui dissout le gaz
d’oxyde nitrique ;

(d) deétecter par réaction électrochimique la
quantité de gaz d’oxyde nitrique dissout dans le
solvant qui correspond a la quantité totale d’oxy-
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10.

1.

12.

13.

de nitrique présent sous forme de complexe fer-
nitrosyles dans I'échantillon.

Méthode selon la revendication 1, permettant de dé-
terminer la quantité d’oxyde nitrique présent sous
forme de nitrosothiols et également la quantité d’oxy-
de nitrique présent sous forme de complexe fer-ni-
trosyles, consistant a :

(i) obtenir deux échantillons de sang de laméme
source ;

(ii) traiter le premier échantillon avec un agent
de dégradation de nitrosothiols de fagon a pro-
voquer une décomposition de nitrosothiols en
acide nitreux et a laisser le complexe fer-nitro-
syles dans I'échantillon et laisser I'autre échan-
tillon non traité avec un agent de dégradation
de nitrosothiols ;

(iii) soumettre séparément les deux échantillons
traité et non traité a une analyse selon les étapes
(a) a (d) de la revendication 1.

Méthode selon larevendication 1 ou la revendication
4, dans laquelle le solvant de I'étape (c) est du mé-
thanol.

Méthode selon 'une quelconque des revendications
précédentes, dans laquelle le rayonnement électro-
magnétique est un rayonnement ultraviolet.

Méthode selon I'une quelconque des revendications
1 a 5, dans laquelle le rayonnement électromagné-
tique de faible puissance est un rayonnement élec-
tromagnétique visible ayant une longueur d’'onde al-
lant de 500 a 600 nm.

Méthode selon 'une quelconque des revendications
1 a 5, dans laquelle le rayonnement électromagné-
tique est un rayonnement dans le proche infrarouge.

Méthode selon I'une quelconque des revendications
1 a 5, dans laquelle le rayonnement électromagné-
tique est issu d’un laser (60).

Méthode selon I'une quelconque des revendications
1 a 5, dans laquelle le rayonnement électromagné-
tique est issu d’'une diode électroluminescente.

Méthode selon la revendication 6, dans laquelle le
rayonnement ultravioleta une longueur d’onde allant
de 300 a 400 nm.

Méthode selon la revendication 6, dans laquelle le
rayonnement ultravioleta une longueur d’onde allant
de 210 a 220 nm.

Appareil de mise en oeuvre d’'une méthode selon la
revendication 1, comprenant :
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une zone de contenance (12) d’échantillon de
sang comportant un cbété avant (16) qui est
transparent a un rayonnement électromagnéti-
que et un coté arriére (18) qui est poreux dans
la mesure permettant a du gaz d’oxyde nitrique
de le traverser tout en empéchant le passage
d’une protéine a travers ce dernier ;

un émetteur de rayonnement électroma-
gnétique (60) servant a diriger un rayonne-
ment électromagnétique de moins de 100
milliwatts au niveau dudit c6té avant ;

une zone de contenance (24) de solvant
servant a recevoir, a des fins de dissolution
dans le solvant, le gaz d’oxyde nitrique li-
béré qui traverse ledit coté arriére ; et

une électrode (64) d’oxyde nitrique servant
a détecter une tension générée par la pre-
sence d’oxyde nitrique dans le solvant.

14. Appareil selon la revendication 13, dans lequel on
trouve deux zones de contenance (12 et 14) de sang
comportant chacune une zone de contenance res-
pective (26 et 28) de solvant.
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