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(57) Abrégée/Abstract:
An air sampling apparatus Is disclosed, including a bag for containing air and a sensing mechanism coupled to said bag. The self
contained sampling and sensing mechanism can be used for visual or other detection of targeted analytes within a breath.
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Abgtract

An air sampling apparatus is disclosed,
including a bag for containing air and a sensing
mechanism coupled to said bag. The self contained
sampling and sensging mechanism can be used for wvisual or

other detection of targeted analyteg within a breath.
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Patent

AIR SAMPLING APPARATUS WITH RELATED Z2ENSING AND
ANAT.YSTS MECHANISM

Background of the Invention

Thisg invention relates to the field aof
sampling air from the lungs and specifically to the field
of o¢btaining a sample of a person’s air, including
alveolar air from the alveoli of the lungs of a person.

Alr from the lungs of a person can be used for

many different Cypes of testing that would otherwise
require the person to undergeo an invasive procedurse. For
example, alveclar air can be analyzed for, but not
limited to, the noninvasive diagnosis of a wide variety
of conditions including the noninvasive diagnosis of
stomach i1nfections related to a high incidence of ulcers,
enzymatic deficiencies, and metabolic conditlons and/or
abnormalities. Crucial to any such testing 4is the
ability to get an accurate sample containing a sufficient
volume of air representative of true alvaolar air,
necessary for specific¢ testing.

A simple to use, inexpensgive, and user-
friendly apparatus is desired to colleect and store human
breatli szamples.

Summary o©of the Invention

The present invention incorporates one or more
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sensing and analysis mechanisms by coupling said
mechanisms to a breath collection apparatus, such as a
bag. One exemplary bag is described in commonly owned
U.S. Patent 6,468,477. -

Preferred sensing and analysis mechanisms are
vapor-gelective detectors or "artificial noses' that are
typically based upon the production of an interpretable
signal or display upon exposure to a vapcr emitting
subgtance or odorant {(hereinafter sometimes referred to
as an "analvte) within a humans breath. More
specifically, typical artificial noses are based upon
selective chemical binding or an interface between =a
detecting compound of the artificial nose and an analyte
or odorant, and then transforming that chemi=al binding

into a signal or display, i.e., gignal transduction.

Brlief Deseription of the Drawings

Fig. 1 is a =ide view of a breath cecllection
bag o¢f the present invention, c¢oupled to a sensing
mechanism for color anmalysis. |

Fig. 2A is a side view, with portions c<¢ut
away, ©f an alternate embodiment 0f a breath collection
bag, coupled teo a sensing mechanism for ¢olor analysis.

Fig. 2B 18 a cross sectional view of a breath
callection bag of the present invention shown in Fig. 1,
coupled to a sensgsing mechanism for color analysis.

Fig. 3 13 a side viesw of a breath c¢ollection
bag of the present invepticn, coupled to a sensing
maechanism £or ¢olor analysis, said bag having a preferred
forced air path to move breath across the sensing

mechiznism.

Fig., 4 18 a side view of an alternate
ambodiment of a breath collection bag of the present
invention, coupled to a sensing mechanism £for c¢olor
analysis, said bag having a preferred forced air path to

move breath across the sensing mechanism.
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Dascription ¢f the Preferrad Embodiment

Rlthough the digclosure hereof is detailed and
exact to enable those skilled in the art to practice the
invention, the physical embodiments herein diselosed
meraely exemplify the invention which may be embodied in
other sgpecific gtructures. While the preferred
embodiment hag been described, the details may be changed
without departing from the invention, which is defined by
the claims.

Referring now to Fig. 1, a gide view of a
breath éollection bag 10 of the present invention,
coupled to a sensing mechanism for coleor analysis is
shown. A breath intake structure 100 is provided for a
patient to breathe in, so that the breath can be exposad
to the sensing mechanism 200, The sensing mechanism 200
should be at least partially exposed to the breath of the
patient, so that the breath can be analyzed. . |

It is preferable, though not required, -lt.hat
the bag 10 is of two ply construction, the Ltwo plies
sealed together. Of course, moxe o0r lass plies may be
used in the bag ¢onstruction. The bag structure 10 is
preferably expandable, and constructed of a supplse,
inert, and airtight material. One such supple and
airtight wmaterial that performs guitably 1is thin
polyester £ilm, but foll laminate and a variety of other
materials could also perform suitably. It should be
easily recognizable to one sgkilled in the art that any
number of materials other than fcoil laminate can be used
for the bag structure 10. Qther examples of materialsg
that could be used for comnstructing the present invention
include for illustration, but not by way of limitation:

Tedlar®, Sarenex®, sSaran®, and Teflon®. Those skilled in
the art will appreciate that the material can vary widely

bagsed on the characteristics of the gases desirxed to be

sampled. The materials chosen should bhe inert and
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exhibit relative impermeability teo the gases desgired t£o
sample, and any materials chosen that are relatively
permeable to the Jgases desired to sample would not be
preferred.

A preferred sensing mechanism 200 is an array-
based vapor-sensing device, available [rom ChemSensing of
Northbrook, IL. This sensing mechanism is used to detect
and differentiate between chemically diverse analytes,
basad on <ross-responsive sensor elemants to mimi¢ the
mammalian olfactory Bystem. by producing composite
responges unigque to esach odorant, sugh as color regponse,
as desgribed in Rakow, N. A-; Sugligk, K. 3., VA
Colorimetric Senscor Array for Odour Visualization®
Nature, 2000, 406, 710-714; Suslick, K. §.; Rakow, N. A.
"Colorimetric Artificial Nose Having an Rrray of Dyves and
Method for Artificial Olfactieon®, incorporated by
raeference. An arrgy of dot shaped gengor elements 200a
can detect a variety of subzstances within the breath of a
human. There 1s described an optical chemical sensing
method that utilizes the cblo.r change induced in an Array
of metalloporphyrin dyes upon ligand binding while
minimizing the need for extensive signal transduction
hardware. The chemoselective response of a library of
immobilized vapor-senging metalloporphyrin dves permits
the visual identification of a wide range of ligating
(alcohols, amines, eéethers, phosphines, phosphitas,
thicethers and thieolg) and even weakly ligating (arenes,
halocarbongs and ketones) vapors.,

One preferred senging mechanism 200 comprises
a device for detecting an analyte comprising an analyre-
specific compound that binds to the analyte and produces
a detectable compound in combination with 2 given
substrate, salid detectable compound producing a response
when exposed to at least two dyes, the regponse being
stronger and wmore distinct than a response ¢of the analyte
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when exposed to the at least two dyes, sugh az dirclozed
in U.8. Patent Application 20040157281 to Hulkowsar,
incorporated herein by reference.

For example, one or more porphyrin dyess in its
metalated form (e.g., metalloporphyrin) or noii-metalated
form (e.g., free-base porphyrin) can be usec to detect
the enzymatically generatad volatile c¢conpounds and the
porphyrin dye can be used alone or as a component in an
array with other chemical dyes, such as Bronsted acid-
basge dyes, Lewis acid-base dyes, zwitterionic
Euslﬁratuacﬂxrtnnic:‘wdanasu and other chemorespongive dyas.
Tho=se =skilled in the art will recognize that any suitable
method may be used to dete¢t and gquantitate a dye color
change corresponding to the presence of the enzymatically
generated volatile compound, such as the unassisted eye,
apectrophotometry and fluorescence detection or other
readers or =zensors (not shown).

A human breath, after exposure to the sensing
mechanism 200, will provide a change in color from a
baseline color pattern, providing a unigue acolor
fingerprint at perceived and targeted analyte
concentracions. Tha sensing wechanism 200 comprises a
housing 202, preferably with a clear cover to allow easy
perception of color change. The housing 202 holds the
array 200a, and ports P (see Fig. 2a) allow air into the
housing 202 for exposure to the array 200a.

The embodimant desaribed i1n Fig. 1 18 referred
to ag an ambient bag 10/sensor 200 system bhecause the air
iz allowed to bhe exposed te the sgensor 200 without a
mechanism for wmoving the bhreath more quickly acrossg the
sensor 200. Dynamic systems will he described later,
where the breath is actively passed agross the sensor 200
to improve the speed that the sensor 200 can have enough
breath past it to provide an accurate reading.

The preferred sensing mechanism 200 is shown
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as a preferred embodiment, others may do. The benefit of
the sensing mechanism 200 coupled with the bag 10 is that
the breath need not be tranaferred from the bag 10 to the
testing medium ~ which could decrease test accuracy by
introduction to contaminants, and alsco this assembly
creates an easier test to administer.

"Fig. 2A 1g a gide view, with portions cut
away, of an alternate embodiment of a djmamic system
breath collection bag 10, coupled to a sensing mechanism
200 for color analyesis iz shown.

In this dynamic embodiment, the bag 10 is
provided with a seam or partition 12 between two poxts P.

A user can then force air past the sensor array 2008 by
squeesing one aside of the kbag 10, alternating with the
octher gide of the bag 10, in bellows like fashien. The
alr flow path would thus be from the left side of the bag
10 to the right, right to left and so on. In this
embodiment, the housing 202 is sealed within a side seam
of the bag 10, as opposed to the housing 202 within the
limits of a face of the bag as shown in Fig. 1. A side
seam or seam coupling is referred to herein as a sensing
mechanism that is coupled between two seams of the bag
10.

The housing 202 can ke sealed to the bag by
such technicgues as heat or adhesive.

Fig. 2B 18 a c¢ross sectional view of a2 breath
collection bag of the present invention shown in Fig. 1.

In this embodiment;, the housing 202 of the sensing
mechanism 200 i1is coupled with the bag 10 in what is
called face coupling oxr a face. Face coupling is
referred to herein as a sensing mechanism that is coupled
with one or more faces of the bag 10,

Fig., 32 1is a side view of a dynamic seam
coupling breath collection bag 10 of the present

invention. In this embodiment, the air intaka structure
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100 13 provided on one gide of a partitionm 12. A
preferred forced air path 18 provided by the partition
12, which divides right and left sides of the bag 10. A
oneg way valve 20 to move breath ac¢ross the sensing
mechanism 200-. A circular flow path is created in this
embodiment . The partition 12 could be provided with
zones of weakness 12' acroes an inlet of the valve 20,

and one of the ports P such that a singlie breath would be
captured on one portiocn of the bag 10. By squeezing the
bag 10, the zonass of weakness 12' would bz ruptured,
allowing manipulation of the bag 10 and air could be
circulated acrozs the cirdular flow path descoribed.

Fig, 4 18 a side view of an alternate
embodiment ¢f a seam sealed dynamica breath collection bag
10 ©of the present invention. In this embodiment, a
right/left alternating flow path is created about the two
gides of partition 12.

The foregoing is consilidered as illustrative
only of the principles of the invention. PFurthermore,
ging¢e hnumerous modifications and changes will readily
cccuyr €O those skilled in the art, at is not desgired to
limit the Jinvention to the exact conetruction and
cperation =shown and described. While the preferred
embodiment has been described, the details may be changed
without departing from the invention, which is defined by

the claims.
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I Claim:
1. An alir sampling apparaztus comprising:
a bag for containing air;
4 sensing mechanism coupled to said bag, faid sensing
mechanism having a housing coupled teo said bag.

2. An air sampling apparatus according to
claim 1, said housing and sald bag coupled by a side
seam. | |

3. A alry sampling apparatus according teo
claim 2, said housing having at least two ports, said bag
having a partition between said ports.

4. An alr sampling appafatus according to
claim 2, gaid housing having at least two porits, said bag
having a partition between said ports; said partition
having at least one' zone of weakness.

5. An air samp‘ling apparatus according to
claim 2, said housing having at least two ports, said bag
having a partition between said ports, said partitien
defining two interior portions of said bag, said interior
portions coupled by a valve.

& . An air sampling apparatus according to
¢laim 1, said housing and said bag coupled by a face
coupling.

7. An alr sampling apparatus sccording to
claim 1, =aid apparatus comprising an ambient system.

8. An alr sampling apparatus according to
¢laim 1, said apparatus ¢omprising a dynamic system.

3. An air sampling apparatus according to
claim 1, wherein said sensing mechanism comprises a
device for detecting an analyte comprising an analyte-
speclfic compound that binds to the analyte and produces
& detectable compound in combination with a given
substrate, sald detectable compound producing a responsge
when exposed to at least two dyes, the response being
strongery and more distinct than a regponse of the analyte
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when exposed to the at least two dyes.

10. A method of sampling a breath, said
method ¢comprising the steps of: |

providing a bag with a breath intake structure
and a sensing mechanism;

breathing into said bag;

allowing said breath to contact said sensing
mechanism; '

analyzing a response of said sensing mechanism
to said breath,

Smart & Biggar
Ottawa, Canada
Patent Agents
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