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METHOD AND KIT FOR DETERMINING THE PRESENCE OF MONOSODIUM
URATE CRYSTALS IN JOINT SYNOVIAL FLUID

CROSS-REFERENCE TO RELATED APPEICATIONS

18661} The present application claims benefit of United States Provisional Applications

62/504,623 filed on May 11, 2017, the contents of both of which are incorporated by reference.

BACKGROUND OF THE DISCLOSURE

18802} Gout is a form of arthritis that develops 1n some people who have high levels of uric
acid 1n the blood. Uric acid can form needle-like crystals in joints and cause sudden, severe
episodes of pain, tenderness, redness, warmth and swelling in joints. Pain and inflammation
occur when too much uric acid crystaliizes and deposits in the joints as monosodium urate
crystals (MSU).

180803} Gout has become more common in the United States 1n the past two decades, in part
because of the nation’s obesity crisis and a greater frequency of high blood pressure, new research
indicates. Gout, a type of arthritis that occurs when uric acid crystals build up in the joints, was
also found to be more common in men than in women. The condition now affects about 8.3
million people, or about 4% of the population. And the risk of getting gout increases with age.
Gout, an inflammatory arthritis triggered by crystallization of uric acid inside the joints, causes
swelling and severe pain. Gout can cause an attack of sudden burning pain, stiffness, and swelling
in a joint, usually a big toe. These attacks can happen over and over unless gout is treated. Over
time, they can harm joints, tendons, and other tissues.

(8004} To diagnose gout, physicians typically will take a patient's medical history, examine the

atfected joint and perform a blood test. A blood test to measure the level of uric acid 1o the
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blood 1s the typical first step to diagnose gout. However, a high level of uric acid in the blood
doesn’t necessarily mean that the patient has gout, just as a normal level doesn’t rnean that the
patient does not have gout. The physician also has to rule out other potential causes of joint
pain and inflammation such as infection, injury or anocther type of arthritis. An X-ray,
ultrasound, CT or MRI to examine soft tissue and bone are also typically performed to diagnose
and confirm gout.

(8005} Identifying monosodium urate crystals in joint fluid is a typical way to diagnose gout.
Injecting a needle into the joint and removing synovial fluid from the aftected joint and
examining it under a microscope for uric acid crystals is typically done for gout diagnosis.
[8606] Also, while gout 1s caused by uric acid crystals, pseudo gout is caused by calcium
pyrophosphate crystals (CPP) and CPP are often found in joint fluids along with MSU. Both
these types of crystals cannot be detected and distinguished by the naked eye. Hence, a
complex technique like polarized microscopy is utilized in clinical fabs to distinguish and
identity MSU. This technigue 1s expensive, time consuming and also requires trained
technicians to accurately identify and report gout.

18007} Thus, what is desired is a relatively quick method and device to detect and/or diagnose
gout from a sample taken from a patient.

[8608] Embodiments of the present disclosure provide devices and methods that address the

above clinical needs,

SUMMARY OF THE DISCLOSURE

180809} The present disclosure is directed to a kit and methods for using the same. The kit
comprises a plate comprising at least one well, wherein the well comprises a silver nitrate and a

catalyst. The method comprises providing a sample of synovial fluid to a well of a plate,
2
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wherein the well comprises a silver nitrate and a catalyst and determining a presence of
monosodium urate (MSU) crystals, wherein the presence of MSU crystals indicates that gout s

detected in the sample.

BRIEF DESCRIPTION OF THE DRAWINGS

18018} The present disclosure will be better understood by reference to the following drawings,
which are provided as illustrative of certain embodiments of the subject application, and not
meant to limit the scope of the present disclosure.

(8011} FIG 1 1s an image of various concentrations of silver nitrate solution.

(8612} FIG. 2 ts an image of various concentrations of silver nitrate films.

18813} FIG. 3 is an image of monosodium urate (MSU) crystals in a silver nitrate solution and
also in a 2% Alizarin red solution.

[8014] FIGs. 4A and 4B are illustrations of a kit configured to detect gout.

(8015} FIG. 5 i3 an illustration of a kit configured to detect gout.

[8016] FiGs. 6A and 0B are magnified images of a sample within the kit of FIG. 5.

18017} FIGs. 7TA-7C are illustrations of a kit configured to detect gout.

BETAILED DESCRIPTION OF THE DISCLOSURE

[8018] In the discussion and claims herein, the term “about” 1ndicates that the value listed may
be somewhat altered, as long as the alteration does not result in nonconformance of the process
or device. For example, for some elements the term “about” can refer to a variation of £0.1%,
for other elements, the term “about” can refer to a variation of +1% or £10%, or any point

therein.
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(8019} As used herein, the term “substantially”, or “substantial”, is equally applicable when
used in a negative connotation to refer to the complete or near complete lack of an action,
characteristic, property, state, structure, item, or result. For example, a surface that is
“substantially” flat would either completely flat, or so nearly flat that the effect would be the
same as if it were completely flat.

18028} As used herein terms such as “a”, “an” and “the” are not intended to refer to only a
singular entity, but include the general class of which a specific example may be used for
iHustration.

(8021} As used herein, terms defined in the singular are intended to imnclude those terms defined
in the plural and vice versa.

180822} References in the specification to “one embodiment”, “certain embodiments”, some
embodiments” or “an embodiment”, indicate that the embodiment(s) described may include a
particular feature or characteristic, but every embodiment may not necessarily include the
particular feature, structure, or characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. Further, when a particular feature, structure, or
characteristic is described in connection with an embodiment, it is submitted that it is within the
knowledge of one skilled in the art to affect such feature, structure, or characteristic in
connection with other embodiments whether or not explicitly described. For purposes of the
description hereinafter, the terms “upper”, “lower”, “right”, “left”, "vertical”, "horizontal”,
"top", "bottom”, and derivatives thereof shall relate to the invention, as it is oriented in the
drawing figures. The terms “overlying”, “atop”, “positioned on” or “positioned atop” means
that a first element, is present on a second element, wherein intervening elements interface

between the first element and the second element. The term “direct contact” or “attached to”
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means that a first element, and a second element, are connected without any intermediary
element at the interface of the two elements.

10623} Reference heretn to any numerical range expressly includes each numerical value
(inchuding fractional numbers and whole numbers} encompassed by that range. To illustrate,
reference herein to a range of “at feast 507 or “at least about 50” includes whole numbers of 50,

51, 52, 53, 54, 55, 56, 57, 58, 59, 60, etc., and fractional numbers 530.1, 50.2 50.3, 504, 50.5,

50.6, 50.7, 50.8, 30.9, etc. In a further illustration, reference herein to a range of “less than 507
or “less than about 507 includes whole numbers 49, 48, 47, 46, 45, 44, 43, 42 41, 40, etc., and
fractional numbers 49.9, 408, 497, 49.6, 49,5, 494, 493 492 491, 490, etc.

8624} The present disclosure includes a kit that includes a plate having at least one well,
wherein the well comprises any suitable ionic silver compound, such as silver nitrate and a
catalyst. This kit is configured to detect gout in a sample, such as a synovial fluid sample that
has been collected from a patient. This synovial fluid sample can be collected in any suitable
way, such as by a hypodermic needle.

(8025} The catalyst can be any suitable catalyst, such as formaldehyde, citric acid,
glutaraldehvde, and combinations thereof. The catalyst can be in any suitable concentration,
such as from about 0.001% to about 4%, or about 0.002% to about 2%, or about 0.003% 1o
about 1%, or about 0.01% to about 0.5%, and all ranges therein. Along with the catalyst, a
basic material, such as sodium bicarbonate, can also be included.

18026} The plate of the kit can be any suitable surface and can be comprised of any suitable
material, such as glass, plastic, and combinations thereof. The well includes vertical walls that
tise above the surface of the plate or are sunken below the surface of the plate. The well can be

any suitable shape or size and is configured to maintain a fluid within it.
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(8027} Within the well, the kit includes an 1onic silver compound, such as silver nitrate, at any
suitable concentration, such as about 10% to about 40 %, or about 20%. As an example, 20%
silver nitrate solution is about 1.34 M AgNQG;. Also within the well, a suitable catalyst is
included. In one embodiment, the catalyst is formaldehyde, which can be at any suitable
concentration, such as a conceniration of about 0.002%.

18028} Within the well the 1onic silver compound, such as silver nitrate, and the catalyst can be
elements of a solution that 1s maintained in the well, and/or, the ionic silver compound, such as
silver nitrate, and the catalyst can be elements of a film that at least partially coats an internal
surface of the well. The coating on the internal surface of the well can occur on a portion of or
the whole bottom surface, in addition to or in replace of a portion of or the whole side wall
surface of the well.

(8029} If the ionic silver compound, such as silver nitrate, and the catalyst are elements of a
solution, the synovial fluid sample can be added to the solution within the well and the mixture
can react.

(80630} It the tonic stiver compound, such as silver nitrate, and the catalyst are elements of a
film that at least partially coats an internal surtace of the well, the synovial fluid sample can be
added to the well to react with the film.

18631} Optionally, as an additional component of the kit, within the well, the well can further
comprise any suitable calctum detecting stain, such as alizarin red, Von Kossa stain, and
combinations thereof, which can be in any suitable concentration, such as about 0.01% to about
3%, or about 0.5% or about 2%, or about 0.8% to about 1.5%, or about 2% solution of calcium

detecting stain.
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(8032} Optionally, as an additional component of the kit, within the well, the well can further
coruprise a polymerizing matrix material, such as a gelatin, an agar and combinations thereof.
This polymerizing matrix material may be included in the well as an element to contact the
solution of ionic silver compound and catalyst, or, the polymerizing matrix material may be
included in the well as an element of the film of ionic silver compound and catalyst.

18033} In the well, 1f uric acid 15 present in the synovial fluid sample, it reacts with the ronic
sitver compound, such as silver nitrate, and forms a dark or darkish color crystal, such as a
monoscedium urate (MSU} crystal. To aid in viewing of the MSU crystal, the kit can include
and can be configured to attach to a camera to image the contents of the well after a reaction.
This camera can be any suitable camera device that 15 capable of capturing an image, and the
attachment between the camera and kit can be any suitable structural arrangement that can
maintain or substantially maintain the camera’s location as compared to the well.

[8034] Optionally, the camera can include a magnification system, such as one or more
magnifying lenses.

(88435} In another embodiment, the kit can include a hinged cover that substantially covers an
upper opening of the well. The hinged cover can include a cover bottom, which extends around
an upper surface of the well, as well as a cover top. The cover top can include a magnifier, so
that when the cover top is in a closed configuration, the magnifier magnifies the contents of the
well,

8036} The methods of the present disclosure can be used in conjunction with the above
described kit. Methods of the present disclosure include methods of detecting gout by
providing a sample of synovial fluid to the well of the plate, which comprises an ionic silver
compound, such as silver nitrate, and the catalyst. The synovial fluid can be collected from any

7
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patient in any suitable way, such as by a hypodermic needle being inserted into a joint, and the
fluid therein being withdrawn into the hypodermic needle. The hypodermic needle can then be
used to transport the fluid and then provide the fluid into the well.

(8037} The method then includes the determination of the presence of monosodium urate
(MSU) crystals, wherein the presence of MSU crystals indicates that gout is detected in the
sarople. If uric acid was present in the synowvial fluid, an amount of MSU crystal should be
formed in the well. The MSU crystal will be dark or darkish in color as compared to the
remaining fluid within the well and can be visible by the naked eye, through a magnifier or
through an image (magnified or not) of the contents of the well.

18638} The amount of time between providing the synovial fluid to the well and determining
whether or not MSU crystal are present can be about 3 minutes or more, about 5 minutes or
more, about 8 minutes or more, about 10 minutes or more, about 15 minutes or more, about 20
minutes or more, or more than 20 minutes.

18039} The methods and model of the present disclosure will be better understood by reference
to the following Examples, which are provided as exemplary of the disclosure and not in any

way limiting.

Examples

Interaction of Uric Acid Crvstals with Silver Nitrate

(8040} Uric acid interacts with silver nitrate and turns black after reducing the silver. This
chemical reaction 18 used as the basis for detecting monosodium urate (MSU) crystals. MSU
crystals were placed in glass wells of a 24-well cell culture plate and 200 ul of different
concentrations of silver nitrate solution (100%, 80%, 60%, 40%, 20% and 10%) with 0.002%

formaldehyde was added to each of the wells.
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(8041} The culture plate was allowed to incubate at room temperature and the image of FIG. 1
was acquired. As can be seen in FIG. 1, from left to right, the concentrations of silver nitrate
solution increases as indicated by the numbers above each well, from 10% to 100%. Also as
can be seen in FIG. 1, 20% silver nitrate solution included maximum staining as compared to
the other concentrations of silver nitrate solution.

Gout Detection Device with Pre-Coated Staining Acent

6642} Different concentrations of silver nitrate with 0.002% formaldehyde solution were
added to different wells of a well culture plate and allowed to air dry overnight. MSU crystal (1
mg/200 pL) suspension was prepared in saline and added to the wells containing the dried
silver nitrate/formaldehyde filrn that coated inner portions of the well. FIG. 2 is an image that
was acquired after addition of the suspension to the wells.

[8G43] As can be seen in FIG. 2, from left to right, the concentrations of silver nitrate in the
films 1s indicated by the numbers above each well, from 10% to 100%. Also as can be seen in
FIG. 2, 20% silver nitrate solution included maximum staining as compared to the other

concentrations of silver nitrate solution.

Dhstinsuishing uric acid crystals from calcium crystals

8044} Calcium phosphate crystals are often found to be present in joint fluids and is an
indication of pseudo gout. To distinguish uric acid crystals from calcium phosphate crystals,
alizarin red (2%} solution was tested on MSU crystals (also referred to herein as urie acid
crystals). Stlver nitrate solution turns MSU crystals black, whereas alizarin red does not interact
with the MSU crystals.

[0045] In this example, alizanin red does not substantially interact with MSU crystals as the
crystals remain white even after exposure of MSU erystals to alizarin red stain,

Q
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(8046} FIG. 3 is an image of a side by side comparison of MSU crystals in a silver nitrate
solution and also 1n a 2% Alizarin red solution. Oun the left, the MSU crystals have interacted
with the silver nitrate and are now seen as being black in color. Un the right, the MSU crystals
in the Alizarin red solution are not black since calcium phosphate (calcium) interacts with
Alizarin red and give a deep orange to red color rather than black.

Gout detection kit

(8647} To identify MSU crystals in synovial fluid aspirated from a joint, ong embodiment of a
kit 1 configured to detect gout was designed one embodiment of which is shown in FIG. 4A.
FIG. 4A 15 a side view of the kit 1. The kit 1 of FIG. 4A includes a plate 2 that comprises a
well 4. In this embodiment only one well 13 shown, but, in other embodiments, two or more
wells may be present on the plate 2. An inner stde surface 3 of the well 4 can be seen in FIG.
4A.

0048} FIG. 4B is a perspective view of the kit 1. As can be seen in FIG. 4B, the well 4 13
substantially round, and in this embodiment has a diameter of 1.5 mm, but, in other
embodiments, the well can be different shapes and/or larger or smaller diameters. Well 4 can
be formed of any suitable material, such as plastic, glass, metal, carbon materials, and mixtures
thereof. In this embodiment plate 2 is formed of a glass material, but, plate 2 can be formed of
any suitable material, such as plastic, glass, metal, carbon materials, and mixtures thereof.
18049} In the embodiment of FIG 4B, a base surface 6 of the well 4 15 coated with 20% silver
nitrate with 0.002% formaldehyde to form a coating 8. Coating 8 is formed in any suitable
way, in this embodiment by overnight incubation and air drying of the silver nitrate and

tormaldehyde in the well 4. Although coating 8 is shown as discrete dots 1o FIG. 4, this

16
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coating 8§ did extend over the base surface & of the well 4. Joint fluid (about 200 uL, but can be
less or more) can be added to the well 4 for detection of MSU crystals.

Gout detection kit

(8050} FIG. 5 illustrates an embodiment of kit 1, which includes a camera device 10 (in this
example an iPhone® 6, but in other embodiments can be any apparatus capable of capturing
images), an optional magnitication system 12 (in this embodiment a Micromobile microscope
{(Proscope™), but in other embodiments, any suitable lens or lenses configured to magnify an
image} and an optional filter 14 (in this embodiment a polarizing filter, but in other
embodiments, any one or more suitable filters can be included)

[8031] In the kit of FIG. 5, MSU crystals suspension and calcium phosphate solution were
added to the well 3. In this embodiment, the well 3 was pre-coated with 20% sitver nitrate,
0.002% formaldehyde and 2% alizarin red. After 5 minutes, low magnification (10 X) and high
magnitication (100X} images were acquired with the camera device 10 of the contents of the
well S, and are shown in FIG. 6A and 6B.

[8052] FIG. 6A is an image at a magnification of 10X, FIG. 6B is an image at a magnification
of 100X, The images of both FIG. 6A and 6B were acquired without the use of optional filter
14, Asindicated in FIG. 6B, uric acid (MSU) crystals were formed, and are shown as being
stained black.

18053} Another embodiment of a kit 20 is shown in FIG. 7.

18054} Kit 20 includes the plate 2 and well 4, with the well 4 being covered with a hinged
cover 21. The hinged cover 21 includes a cover base 22, that extends around the upper
circumference of the well 4 and has an opening therethrough (better seen in FIG. 7C), and a
cover top 24. In FIG. 7A, the hinged cover 21 ts shown in an open configuration.

11
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(8058} The cover top 24 includes a magnifier 26 (better seen in FIG. 7C) that is substantially
transparent ot substantially transhucent and is configured to magnify the contents of well 4 for
observation when the hinged cover 21 is in a closed configuration (as in seen in FI(Gs. 7B and
7C).

[0056] Magnifier 26 can be any suitable shape and any material suitable for magnifying the
contents of well 4. Some examples of the material of magnifier 26 is plastics, glasses, and
combinations thereof. The shape and material of magnifier 26 can be adjusted to result tin a
desired magnification value, such as for example a magnification of about 60X, but, in other
embodiments, the magnification can be any value between about 2X and about 100X or more.
[8037] As seen in FIG. 7B, which 1s a side iHustration of the kit 20, linged cover 21 canbe ina
closed configuration so that cover top 24 contacts or nearly contacts cover base 22

[8058] FIG. 7C is a perspective tliustration of the kit 20, with the hinged cover 21 being in a
closed configuration. For illustrative purposes, the magnifier 26 is providing sufficient
magnification such that MSU crystals (black dots) are visible to a human operator 1o the well 4,
as the operator looks into the well 4 through the magnifier 20

18059} The described embodiments and examples of the present disclosure are intended to be
iHustrative rather than restrictive, and are not intended to represent every embodiment or
exarnple of the present disclosure. While the fundamental novel features of the disclosure as
applied to various specific embodiments thereot have been shown, described and pointed out, it
will also be understood that varicus omissions, substitutions and changes in the form and
details of the devices illustrated and in their operation, may be made by those skilled in the art
without departing from the spirit of the disclosure. For example, it is expressly intended that all
combinations of those elements and/or method steps which perform substantially the same

12
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tunction in substantially the same way to achieve the same results are within the scope of the
disclosure. Moreover, 1t should be recognized that structures and/or elements and/or method
steps shown and/or described in connection with any disclosed form or embodiment of the
disclosure may be incorporated in any other disclosed or described or suggested form or
embodiment as a general matter of design choice. Further, various modifications and variations
can be made without departing from the spirit or scope of the disclosure as set forth in the

following claims both literally and in equivalents recognized in law.

13
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CLAIMS:
1. A kit comprising:

a plate comprising at least one well, wherein the well comprises a silver nitrate and a
catalyst.
2. The kit of claim 1, wherein the silver nitrate and the catalyst are components of a
solution within the well.
3. The kit of claim 1, wherein the silver nitrate and the catalyst are comprised in a film that
at least partially coats a surface of the well.
4. The kit of claim 1, wherein the silver nitrate 1s in a range of concentration of about 10%

to about 40%.

5. The kit of claim 1, wherein the silver nitrate is at a concentration of about 20%.

6. The kit of claim 1, wherein the catalyst is formaldehvyde.

7. The kit of claim 6, wherein the formaldehyde is at a concentration of about 0.002%.

8. The kat of claim 1, wherein the kit is configured to attach to a camera.

g. The kit of claim 8, wherein the camera comprises a magnification system.

10. The kit of claim 1, wherein the well further comprises alizarin red.

1. The kit of claim 10, wherein the well further comprises a solution of about 2% alizarin
red.

12. The kit of claim 1, wherein the kit further comprises a hinged cover.

13. The kit of claim 12, wherein the hinged cover comprises a cover top, wherein the cover

top comprises a magnifier.

4. A method of detecting gout, the method comprising:

14
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providing a sample of synovial fluid to a well of a plate, wherein the well comprises a
silver nitrate and a catalyst;

determining a presence of monosodium urate (MSU) crystals, wherein the presence of
MSU crystals indicates that gout is detected in the sample.
15 The method of claim 14, wherein the time between the providing step and the
determining step 18 about 5 minutes.
10, The method of claim 14, wherein the silver nitrate and the catalyst are components of a
solution within the well.
17 The method of claim 14, wherein the silver nitrate and the catalyst are comprised in a

film that at least partially coats a surface of the well.

18. The method of claim 14, wherein the silver nitrate is at a concentration of about 20%.
19. The method of claim 14, wherein the catalyst is formaldehyde.

20. The method of claim 19, wherein the formaldehyde 1s at a concentration of about
3.002%.
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