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BACKGROUND OF THE INVENTION

15 1. Field of the Invention

This invention relates to a blood collection device for use in chemistry
studies. More particularly, the present invention pertains to a blood collection
device comprising an additive formulation, which formulation has combined

20  antiglycolysis and anticoagulation properties.

2. Description of the Related Art

In carrying out blood collection, centrifuging and measurement of the blood
25  sugar value for a specimen, a series of steps are required. Since the steps required
are time consuming due to the increased complexity of the collecting and testing -
work, efficiency tends to be poor.

When blood is allowed to remain in a tube after being collected, the blood

30  sugar value of the specimen declines with the passage of time because of glycolysis,
that is, consumption of the sugar component by the cells in the blood. Therefore, an -

additive or reagent for inhibiting glycolysis in blood that is collected and stored for a
period of time prior to testing is needed.
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25 sugar value for a.specinen, a series of steps are requi }
steps required are tinme consum ng due to the increased co

collecting and testing work, efficiency tends to be poor. en biﬁg

allowed to remain in a tube after being collected, the bl ood 30 sugar

val ue of the speci men declines wth the. passage of ti me because of

gl ycolysis, that is, consunption of -the sugar conponent by the cells in: the
bl ood. Thggségie, an addi ti-ve or reagent for i nhi biting gl ycolysis in bl ood.
that is cal ed and stored for a period of tine prior to testing is
needed. [err] 2 : '

A typical antiglycolytic agent, sodium fluoride has been used to reduce
glycolysis in blood. Sodium fluoride is associated with antlglycolyuc action as well
as hemolytic toxicity and anticoagulant activity.

5 - However, the anticoagulant activity of the sodium fluoride is not sufficient at
the low additive levels required for antiglycolytic action and averting hemolysis.
Therefore the blood sample treated with sodium fluoride only is not suitable for the
analysis of the sugar content by methods affected by hemolysis in the plasma.
Therefore, sodium fluoride used as an anticoagulant agent limits the subsequent

10 method of blood sugar analysis. To remedy the shortcoming of sodium fluoride,
another component such as potassium oxalate has been combined with the sodium
fluoride so as to form an additive formulation for use in blood collection devices.

Freeze drying, vacuum drying, liquid filling and powder filling are the
15 conventional methods for filling additive formulations into blood collection devices.
However, these conventional methods have disadvantages. In the case of freeze-
drying, additive formlations can be rehydrated again after drying, which is not
desirable. With drying methods, the additive formulations tend to be localized
within the fube. Also, vacuum drying process may adversely affect the dissolution

20 characteristics of the additives.

Powder filling of formulations is currently used to produce additives that have
more than two (2) components wherein the components are dry blended before
filling into the tubes. However, it is very difficult to blend and fill because the

25 component ratios vary due to the different specific gravity and particle size of each
| component. Powder mixing consists of sifting the components and then mixing in a
high speed mixer. The result is a bulk powder mixture that is then dispensed into a
tube. Each component separates from the other in the dry blended powder
formulation by shock or vibration. As a result, the component ratio varies in each

30 tube. '

Liquid filling is not practical because of the low solubility of the
antiglycolytic and anticoagulant components of the additives. Due to the low
solubility large liquid fills are required which reduce the glucose value of the

35 resulting plasma sample is by dilution. In addition, liquid filling is not practical
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However, the anticoagul ant activity of the sodiumfluoride is not _
sufficient at the low additive levels required for antiglycolytic action
and averting henol ysis. Therefore the bl ood sanple treated with sodium
fluoride prysysi s not suitable for the analysis of the sugar content by
met hods afifected by henolysis in the plasma. Therefore, sodium fluoride
used as an anticoagulant agent limts the subsequent 10 nethod of bl ood
sugar an ' : ; con.T | . ' t.h, .
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devi ces. Freeze drying, vacuumdrying, liquid filting and powder filling

o e D ecs PRfited PaS beth identified for solid Sddifive formulations with oproved fill
5 accuracy for blood collection devices. Blood collection tubes need to be designed
in such a manner that additive fill formulations in tubes efficiently work in tests or
analysis, and the formulations do not interfere with testing or analysis. - Such tests
include but are not limited to hematology, blood chemistry, blood typing, toxicology
analysis and therapeutic drug monitoring.
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SUMMARY OF THE INVENTION

The present invention is a blood collection device with an additive

formulation comprising a low solubility component, fluoride salt and a high

15 solubility component, an anticoagulant, wherein the additive particle formulation has
a mesh size of about 20 to about 120.

_ Preferably, the fluoride salt is sodium ﬂuon'de; lithium fluoride, potassium
fluoride or ammonium fluoride and most preferably sodium fluoride.
20
Preferably, the anticoagulant is an oxalate salt such as potassium oxalate
ammonium oxalate, sodium oxalate or lithium oxalate and most preferably
~ potassium oxalate. '

25 Preferably, the additive particle formulation comprises about 1 mg to about

' 10 mg of a fluoride salt and about 1 mg to about 10 mg of an oxalate salt per 1 ml of
blood and most preferably about 2.5 mg of a fluoride salt and about 2 mg of an
oxalate salt per 1 ml of blood.

30 The additive particle of the present invention is formulated by a method,
comprising the following steps:

(@ mixing a fluoride salt and an anticoagulant;

(b) adding distilled water to the mixture; -
35 (¢) forming the mixture into particles; This Sheet Has Been RTlaced
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freeze- drying, additive fornul ations can be rehydrated agai %E%%%;BEEN '
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to be localized within the tube. Al so, vacuun1dry|ng process nay adversely
affect the dissolution 20 characteristics of the additives. Powder filling
of forrmulations is currently used to produce additives that have nore than
two (2) @ppesents wherein the conponents -are dry. blended before filling
into the tubes. However, it is very difficult to blend and fill because the
25 conponent ratios vary due.to the different specific gravity and
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As a result, the conponent ratio varies in each

5 'The additive particles are then filled into a blood collection tube. Most
preferably, the mesh size of the additive particles is about 42 to about 80.

Preferably, the forming step is spraying-drying, extruding, granulating and the

like. '

10

- The form and grain size of the additive particles are uniform and therefore the

disintegration and dissolution velocity also uniform. Therefore, the effects of the

additive on the blood, namely its capacity to prevent glycolysis and coagulation are

constant. It is believed that as the high solubility component of the particle

15 dissolves, it disperses the lower solubility component into the blood specimen
increasing its surface area available for dissolution.

With this invention, in contrast to the commercially available additives in

tubes, the additive particle formulation of the present invention comprising a particle

20 of a fluoride salt and an anticoagulant, having a mesh size of about 20 to 120, can be

more easily filled into a blood collection tube. A blood collection tube with this

particle formulation will provide the desired antiglycolysis and anticoagulation
properties to the specimen collected.

25 Furthermore, the additive particle formulation of the present invention
' provides more consistent results as compared to the commercially available additive
formulations. Commercially available additive formulations consist of blended
powder formulations comprising sodium fluoride and potassium oxalate. In the
blended powder mixtures, the density and particle size of each component varies,
30 causing the component ratios to change during tube filling process.

Such commercially available products include VACUTAINER® Glass Tubes

containing a powder fill of sodium fluoride (7.5 mg) and potassium oxalate (6 mg),

5:4 ratio, Order No. 367722 (Becton, Dickinson and Company, 1 Becton Drive,

35 Franklin Lakes, New Jersey 07417-1880). —
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t-he antiglycol ytic and anti coagul ant conponents-of the addit

the Tow solubility large liquid fills are required which reduce the gIucose
value of 'the 35 resulting plasma sanple is by dilution. In addition, _
“liquid filling is not practical [err] 3 because liquid additives are

subj ect to perneation through plastic tubes which will lead to drying of

t he addiR3283and poor dissol'ution characteristics. A need has beeén

identified for solid additive fornmulations with i nproved fil

_ The additive particle formulations of the present invention provides better and
more consistent contact with the blood specimen and therefore more rapid
dissolution of the particle additive formulation into the blood specimen is facilitated
and the initiation of glycolysis and coagulation of the blood specimen is prevented.

Most notably, the additive particle formulation of the present invention
provides a more stable blood to additive concentration over the shelf life of the
device so that the product performance over the shelf-life of the product remains
more consistent. '

10 :

Additionally, the additive particle formulation of the present invention have
substantially improved flow characteristics as compared to a blended powder
mixture of the same components. |

15 Preparation and validation of a powder blend formulation is time consuming
and does not provide consistent formulation. Furthermore, there is substantial
material waste and homogeneity of the blend that is difficult to maintain. In
addition, the dispensing process of milligram quantities of powder blend may result
in individual tube aliquots which may differ significantly from the needed blend

20 ratio.

Furthermore, there is a cost advantage with the device and the method for
making the same according to the present invention. The increased precision in
providing a particle additive formulation into the tube enables lower amounts of

25 components to be used. Therefore, waste during manufacturing is minimized and
' cost reductions are realized.

The additive particle formulation improves collection and analysis of blood by

a number a factors: (i) a direct sampling device nozzle or probe of an automatic

30 analyzer is less likely to clog because the formation of fibrin in the plasma is
reduced due to the improved anticoagulation of the sample; (i) improved additive

fill due to the consistency of the components in the fill; and (iii) improved
dissolution rate of the low solubility component (fluoride salt), due to dispersion of

the low solubility component within the high solubility component. As the high

35 solubility component dissolves it disperses the low solubility component into the

blood specimen increasing its surface area available for dissolution.
This Sheet Has Been Relplaced
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interfere with testi-ng or analysis. Such tests include but—are not Timted
“to hematol ogy,” bl ood chenmistry, blood typing, toxicology analysis, and
therapeutic drug nonitoring. 10 SUMVARY OF THE | NVENTI ON.The present

i nventi onP+3203 bl ood col |l ection device with an additive f__or nul ati on
conprising a | ow solubility conponent, fluoride salt and a high 15

sol ubility conponent, an anticoagul ant, wherein the additi.ve particle
formul ati on has a nesh size of about 20 to about 120. Preferably t he

fluoride salt 4 [ f| upr,i de assi mfluorldeo
amoni um f | uor| e§g%%%§§£t% P@&@%GJP?HE% fﬁ&f’o ‘Eén mvention imparts to the

collection devices and the samples contained therein, combined anticoagulation and

10

15

20

25

30

antiglycolysis properties. In addition, the process of formulating the additive as a
particle of components reduces the hygroscopic property of the oxalate salt in the
particle which helps in the filling operation by improving fill accuracy and reducing
fill variation of the additive into the blood collection device. As the oxalate salt
absorbs moisture, it changes in weight and causes a reduction in the fill volume
required.  Furthermore, powder behave differently in the filling equipment.
Therefore, there is a variation in the volume of powder dlspensed and ﬁlhng of the
blood collection dev1ce

Unlike the conventional fill processes, the present invention does not require

preparing solutions, mixing powder or a drying procedure after filling additive.

Thus preparation and control of the additive particle formulation is simple and work
efficiency improves in production.

The present invention has improved additive fill due to the consistency of the

components of the particle. The variation in fill of the fluoride salt and the
anticoagulant is reduced since error is then limited to fill error and not the
combmation of fill error and segregation error. Segregation error is caused due to
separation of chemical components on account of their density and particle size

differences during process of filling. Additionally, the volumetric fill error itself is

reduced by controlling the particle size range. Furthermore, reducing the overall
variation in fill quantities of the subcomponents, improves specimen quality by
maintaining optimal additive to blood ratios. Therefore, the performance of the
additive particle is reliable and consistent.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a typical blood collection tube with a stopper.

FIG. 2 is a longitudinal sectional view of the tube of FIG. 1 taken along lme
2-2, comprising the particle additive formulation of the present invention.
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20 Preferably, the.anticoagulant is an oxalate salt such as ﬁ@ﬁ@.&ﬁEgﬁpAS BEEN
oxal ate ammoni um oxal ate, sodium oxalate or |ithium oxal At e aERTATED
preferably potassiumoxalate. 25 - Preferably, the add ' :
formul ati on conprises about 1 ng.to about 10 ng of a quorlde salt and .
.about 1 ng to about 10 ng of an oxal'ate salt per 1 m of blood and nost"
preferably about 2.5 ng of a fluoride salt and about 2 ng of an oxal ate
salt per . f Dbl ood. 30 The additive particle of the present

i nvention |s ?orrrul ated by a nethod, conprising the follow ng steps: (a)
mxing a fluoride salt and an anti coagul ant; (b) adding distilled water to

the m xt ure; 35 (c) forﬂﬂA&iﬁﬂﬁEﬁ(ﬁ{iPﬁ(ﬁ@” I cl es;

The present invention may be embodied in other specific forms and is not
limited to any specific embodiments described in detail which are merely exemplary.
5 Various other modifications will be apparent to and readily made by those skilled in
the art without departing from the scope and spirit of the invention. The scope of
the invention will be measured by the appended claims and their equivalents.

The additive particle formulation of the present invention preferably
10 comprises a low solubility componerit and a high solubility component. Combining
the additive components together increases the dispersion rate of the low solubility
component due to the dispersion rate of the low solubility component within the
high solubility component. Therefore, the surface area of the low solubility
component is exposed and increased as the high solubility component dissolves in a

15 blood specimen. :

Most preferably, the low solubility component is a fluoride salt and the high
. solubility component is an anticoagulant.

20 Preferably, the fluoride salt is sodium fluoride; lithium fluoride, potassium
fluoride or ammonium fluoride. Most preferably, the fluoride salt is sodium
fluoride.

Preferably, the anticoagulant is an oxalate such as potassium oxalate, sodium
25 oxalate, lithium oxalate or ammonium oxalate. Most preferably, the oxalate is
' potassium oxalate.

Preferably, the additive particle formulation, per 1 ml of blood, comprises:

30 (@ ﬁom about 1.0 to about 10.0 mgs of a fluoride salt ; and
(b) from about 1.0 to about 10.0 mgs of an oxalate salt. -

Most preferably, the additive particle formulation, per 1 ml of blood,
comprises about 2.5 mg of a fluoride salt and about 2.0 mg of an oxalate salt.

35 —
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Preferably the particle mesh size of the additive formulatlon 1S about 20 to

about 120 and most preferably from about 42 to about 80.

The additive‘particle formulation is prepared 'by a method, comprising the
following steps:

(@) mixing a fluoride salt and an oxalate salt;

(b) adding distilled water to the mixture;

(¢) forming the mixture into particles;

(d) heat-drying the particles to a moisture content is less than about 0.5%
to about excluding water of crystallization; and

(e) sieving the particles into a mesh size of about 20 to about 120.

The additive particles are then filled into a blood collection tube.

Preferably, the forming step is spraying-drying, extruding, granulating and the
like. '

Combmmg the additive components together increases the dissolution rate of
the low solubility component (fluoride salf) due to the dispersion of the low
solubility component within the high solubility component (oxalate salt). Therefore,
the surface area of the low solubility component is exposed and increases as the
high solubility component dissolves.

The advantages of a tube with the additive particle formulation of the present
invention is more precise, uniform fill, stable test values minimizing glycolysis and
coagulation of a blood specimen and good dissolution of the particle into a blood
specimen. Furthermore, the exposure of the particle to a blood specimen is
enhanced.

A blood collection device of the present invention can be either an evacuated .

blood collection device or a non-evacuated blood collection device. The blood
collection device is desirably made of polyethylene terephtahlate or polypropylene.

Water is most preferably used as the solvent for mixing and forming the
particle because water has minimal detrimental effects on product or environment.

8
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Referring to the drawings in which like parts throughout the several views
thereof, FIG. 1 shows a typical blood collection tube 10, having an open end 16, a
closed end 18, and a stopper 14 that includes a lower annular portion or skirt 15
which extends into and processes against the inside wall 12 of the tube for
maintaining stopper 14 in place. '

FIG. 2 shows the particle of the formulation of the present invention in a
typical blood collection tube. The particle additive formulation 20 is 'shown near the
closed end of the tube.

A blood sample of interest can be transferred into tube 10 that comprises
particle additive formulation 20. The blood sample efficiently contacts particle
additive formulation 20 so that particle additive formulation 20 rapidly dissolves
into the blood sample and glycolysis and coagulation is substantially prevented for a
period of time.

Various other modifications will be apparent to and may be readily made by
those skilled in the art without departing from the scope and spirit of the invention.

The examples are not limited to any specxﬁc embodiment of the invention but
are only exemplary.
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oxal ate. In the bl ended powder ntxtures,” the density and particle size of
each conponent varies, 30 causing the conponent ratios-to change during .
‘tube filling process. Such comercially avail able products include [err]"
d ass Tupepggont ai ning a powder fill of sodiumfluoride (7.5 ng) and:

pot assi um oxal ate (6 ng), 5:4 ratio, Order No. 367722 (Becton, Dickinson
and -Conpany, 1 Becton Drive, 35 Franklin Lakes, New Jersey 07417-1880).
"REPLACEMENT SHEET - o '

EXAMPLE 1

5 PREPARATION OF ADDITIVE PARTICLE FORMULATION

An additive particle formulation was prepared by dissolving about 100g of

sodium fluoride and about 80g of potassium oxalate in about 35 mls of distilled

10 water. The aqueous formulation was then formed and dried into particles. The

particles were sieved to a mesh size of about 42 to 80. In each tube 9 mg of the
particles of the formulation were placed. .

The tubes were each evacuated to a 2ml draw and sealed with a closure and
15  sterilized by gamma irradiation at 1.5 mega Rads.

_—_—______ﬂ__________
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[err] 5 The addi tive partlcle forrrul ations of the present |.n eI A _ —
prOV|des better and nore consistent contact with the blood s J&“ %%&%A%BEEN
thefrefore nore- rapi d dissolution of the particle addi tive foll. e - J

the bl ood specinen is facilitated and the initiation of glycolysis and _

coagul ation of the blood specinen-is prevented. 5 Most notably, the ‘
additive particle fornmulation of the present invention prOVIf ““E“nuu“ll““
stabl e blpoggh3 o additive concentration over the shelf life o ﬂﬂ"ﬁ

that the product performance over the shelf-life of the produc¢t fenhinb

nore consistent. 10 Addltlonally, the additive particle formulation of the
present invention have : o .

"WHAT IS CLAIMED IS:

1. A blood collection device comprising a top end, a bottom end, a
sidewall extending from said top end to said bottom end and including an exterior
and interior surface and an additive particle formulation comprising a low solubility
component and a high solubility component wherein said particles have a mesh size
from about 20 to about 120 and said high solubility component dissolves and

“dispenses said low solubility component into a blood specimen thereby exposing -
and increasing the surface area of the low solubility component for dissolution.

2.  The device of Claim 1 wherem the mesh size of said particles are from
about 42 to about 80.

3.  The device of Claim 2 wherein said particles are granulated.

4.  The device of Claim 1 wherein said low solubility component is a
fluoride salt and said high solubility component is an oxalate.

5. The device of Claim 4 wherein said fluoride salt is sodium fluoride,
lithium fluoride, potassium fluoride or ammonium fluoride.

6. The device of Claim 5 wherein said fluoride salt is sodium filuoride.

7.  The device of Claim 5 wherein said oxalate salt is potassium oxalate,
ammonium oxalate, sodium oxalate or lithium oxalate.

8.  The device of Claim 7 wherein said oxalate salt is potassium oxalate.

9.  The device of Claim 4, wherein said additive particle, per 1 ml of
blood, comprises:

(@) about 1.0 mg to about 10.0 mg of a fluoride salt; and

(b) about 1.0 mg to about 10.0 mg of an oxalate M

o i
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11.  The device of Claim 9 wherein said additive particle, per 1 ml of blood, -
comprises about 2.5 mgs of a fluoride salt and about 2.0 mg of an oxalate salt.

12. An additive particle formulation for use in blood collection tubes to
minimize glycolysis and coagulation, comprising a fluoride salt and an oxalate salt,
having a mesh size from about 20 to about 120.

13.  The additive particle formulation of Claim 12 wherein the mesh size of
said particle is from about 42 to about 80. ‘

14.  The particle of Claim 12 wherein said fluoride salt is sodium fluoride,
lithium fluoride, potassium fluoride or ammonium fluoride.

15.  The particle of Claim 14 wherein said fluoride salt is sodium fluoride.

16.  The particle of Claim 15 wherein said oxalate salt is potassium oxalate,
ammonium oxalate, sodium oxalate or lithium oxalate.

17.  The particle of Claim 16 wherein said oxalate salt is potassium oxalate. .
18.  The particle of Claim 17, per 1 ml of blood, comprising:

(@ about 1.0 mg to about 10.0 mgs of a sodium fluoride; and
(b) about 1.0 mg to about 10.0 mgs of a potassium oxalate.

19. A method for preparing an additive particle formulation comprising the
steps of:

(a) preparing a mixture of a fluoride salt and an oxalate salt;

(b) dissolving said mixture in water; -

(c) forming said mixture into particles;

(d) heat-drying said particles to a moisture content of less than about 0. 5%‘
excluding water of crystallization; and
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fibrinin the plasma is reduced due to the inproved antlcom'

sanple; (ii) inproved additive fill due to the consistency of the
components in the fill; and (iii) inproved dissolution ra
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_ size. _

20. The method of Claim 19 wherein said forming step is spraying-drying,
extruding or granulating.

21.  The method of Claim 19 wherein said fluoride salt is sodium fluoride,
lithium fluoride, potassium ﬂuoride or ammonium fluoride.

22. The method of Claim 21 wherein said fluoride salt is sodium fluoride.

23.  The method of Claim 22 wherein said oxalate salt is potassium oxalate,
ammonium oxalate, sodium oxalate or lithium oxalate.

24.  The method of Claim 23 wherein said oxalate salt is potassium oxalate.

25.  The method of Claim 24 wherein said additive particle formulation, per
1 mi of blood, comprises:

(a) about 1.0 mg to about 10. 0 mg of a sodium fluoride; and
(b) about 1.0 mg to about 10.0 mg of a potassium oxalate.

26. The method of Claim 25 wherein said particle, per 1 ml of blood
comprises about 2.5 mg of a sodium fluoride and about 2.0 mg of a potassium
oxalate.

27.  The method of Claim 26 wherein the mesh size of said particle is from
about 42 to about 80. -

eet Has Been Reiafﬁd
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6 Thus the additive particle formulaticon of the present invFﬁFF6H=prapts:===:
t'o the collection devices and the sanpl es contained thereir] TE6hBHREHHAS BEEN
anti coagul ation and anti gl ycolysis properties. In addition,flthe 5W$%é§tﬂof
formulating the additive as a 5 particle of components reduces the
hygroscopi ¢ property of the oxalate salt in the particle which helps in the
filling operation by inproving fill accuracy and reducing fill variation of
t he addi tp-ggo3 nto the bl ood collection device.. As the oxal ate salt absor bs
moi sture, it changes in weight and causes a reduction in the fill volune
requi red. Furthernore, powder behave dlfferently in the fillling equipnent.
f10I | There]{orﬁ LrerSABPARATUS'F(D- H¥s Y@Msmlspgnffd and

I1lTing of the ood col I ectTon_ (&) LT Ona |
processes, the present inventioFr -ﬁg.ﬁt"‘&:! £ eparing sol utions,
n1X|ng pomder or a drying procedure after fi'lling additive.

ABSTRACT OF THE DISCLOSURE

A blood collection device comprising a formed additive particle formulation.

The additive particle formulation is an improvement over available additive

formulations that are powder blended in that the components of the additive

10 formulation of the present invention are in each formed particle. The formed

~ additive particle formulation comprises a fluoride .salt ‘and an oxalate salt to
minimize glycolysis and coagulation of a blood specimen.

15 ‘ ' Th‘S Sheet Has B

P3203.app ”’ m fiaced
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15° Thus preparation and control of the additive particle fo
'simpl'e and work efficiency inmproves in productlon The preseptTHI®GREET GRS BEEN

has inproved additive fill due to the consistency . of the conponentREREAGHR
particle. The variation in fill of the fluoride salt and the-29

anti coagul ant is reduced since error is then linited to fil d not
t-he combination of fill error and segregation error. Segregation error

caused due to separation of chem cal cOmb’ddents on account .ofh

Sh
and particl di ffey ences during process of filling. Add kdpliceq
volunetric flﬁ 1self i s reduced by controlling the p lg ’
range. Furt cing the overall 25 wvariation in fill qua
of the subconponents i mproves specinmen quality by maintain ng optimal
additive t-o blood ratiosg Therefore, the performance of the additive

particle is reliable and Lst ent . 1I:‘iESCRI PTI O\I OF THE DRAWNGS
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30 FI G 1lis a perspect ive view of a typical blood coll eCtl rﬁ’ﬁﬁuﬁe 2IH th a _";_3 }
stopper. FIG 2 is alongitudinal sectional vi ew of the tubge. of ttt‘:b
e |

. taken along line 2-2, conprising t he partlcle addi tive for njlilDats 0

. present invention. 7 [ er r' —DETAFEED
DESCRI PTI ON The present invention may be enbodled I n other specific- forns'
and is not limited to any specific enbodi nents described in detail which
are nerely exenplary. 5 Various other nodifications will be apparent to
and readily made by those skilled in the art wthout departing fromthe
scope and splrlt of the |nvent|on Thé-scope of

* APPARATUS FOR INHIBITING GLYCOLYSIS
10 - IN BLOOD SAMPLES |

BACKGROUND OF THE INVENTION
15 o 1. Field of the Invention

This invention relates to a blood collection device for use in chemistry
studies. More particularly, the present invention pertains to a blood collection
- device comprising an additive formulatlon, which formulation has combmed
20 antiglycolysis and antxcoagulatxon properties. '

2. Descriptidn of_ the Related Art

In carrying out blood collection, centrifuging and measurement of the blood

25. sugar value for a specimen, a series of steps are required. Since the steps réquired

are time consuming due to the increased complex1ty of the collecting and testmg
~work, efficiency tends to be poor.

-~ When blood is allowed to remain in a tube after being collected, the blood
30 sugar value of the specimen declines with the passage of time because of glycolysis,
- that is, consumption of the sugar component by the cells in the blood. Therefore, an
additive or reagent for inhibiting glycolysis i in blood that is collected and stored for a
penod of time pnor to testing is needed.



the inyenti on will be measured by th.e '-appended clains and 1§ hﬁt;ﬁ CEMENT SHIET

it ' el

equi. val ent S. The additive particle formulation of the presdnt i nvent I on
preferably 10 conprises a |low solubility conponent and a 'iﬂéleS‘}'SJWAR%

corrponent Conbi ning the additive corrponents t oget her i ncr éases

di spersion rate of the low solubility conponent due to the dispersion rate
of the low solubility component within fhe high solubility conponent.
Therefore, the surface area of the |ow%olubility conponent is exposed and
i ncreased as the high SO|UbI|Ity component dissolves in a 15 bl ood

speci men. MbstAphanealapntglyeolytic agenbl sedinm fluepidgohamtbers used toreducsal t

gndf t heblh obysisuim blobd. Sodihan fhioride massm;ﬁate@gﬁﬂi fﬂxlit][i%]l y&slyt ful: actlot(lj as well
pot ass: untt FEapIgs PSSR iSRRI NS ani 15" an oxal ate such as
_pot assi um oxal ate, sodi um
5 However the anticoagulant activity of the sodium fluoride is not sufficient at
the low additive levels required for antiglycolytic action and averting hemolysis.
Therefore the blood sample treated with sodium fluoride only is not suitable for the
analysis of the sugar content by methods affected by hemolysis in the plasma.
~ Therefore, sodium fluoride used as an anticoagulant agent limits the subsequent
10 method of blood sugar analysis. To remedy the shortcoming of sodium fluoride,
. anoihe_r component such as potassium oxalate has been combined with the sodium
fluoride so as to form an additive formulation for use in blood collection devices. -

Freeze drying, vacuum drying, liquid filling and powder filling are the
15 conventional methods for filling additive formulations into blood collection devices.
However, these conventional methods have disadvantages. In the case of freeze-
drying, additive formulations can be rehydrated again after drying, which is not
desirable. With drying methods, the additive formulations tend to be localized
within the tube. Also, vacuum drying process may adversely affect the dissolution
20 characteristics of the additives. :

Powder filling of formulations is currently used to produce additives that have
more than two (2) components wherein the components are dry blended before
.- filling into the tubes. However, it is very difficult to blend and fill because the
25 component ratios vary due to the different specific gravity and particle size of eat:h
' component. Powder mixing consists of sifting the components and then mixing ina
high speed mixer. The result is a bulk powder mixture that is then dispensed into a
tube. Each component separates from the other in the dry blended powder
formulation by shock or vibration. As a result, the component ratio varies in each
30 tube. o ' ' '

- Liquid filling is not practlcal because of the low solublhty of the
antiglycolytic and anticoagulant components of the additives. Due to the low
solubility large liquid fills are required which reduce the glucose value of the

35 resulting "f)l%isfna sample is by dilution. In addition, liquid filling is not practical



oxal ate i s potassium oxal ate. Preferably, the additive part
formul ation, per 1 nml of blood, conprises: 30 - (a) fr

25 oxalate, lithium oxal ate or anmoni um oxal ate. Mbst prefE
about 10.0 ngs of a fluoride salt and (b) fromabout 1.0
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nmgs of an oxal ate salt. Most preferably, the additive particle fornulation,

per 1 m - of bl ood,

ng of an oxal ate- salt 35 [err] 8 3

10

15

20

25

30

35

because hquld addltlves are subject to permeatton through plastic tubes which wrll
lead to drvmg of the additive and poor dlssolutlon characteristics.

A need has been 'idenﬁﬁe_’d for solid additive fonnulations with improved fill
accuracy for blood collection devices. Blood collection tubes need to be designed
in such a manner that additive fill formulations in tubes efficiently work in tests or

analysis, and the formulations do not interfere with testing or analysis. Such tests
“include but are not limited to hematology, blood chemistry, blood typing, toxicology

analysis and therapeutxc drug monitoring.
'SUMMARY OF THE INVENTION |

The present invention is a blood collection dev1ce thh an additive
formulation comprising a low solubility component, fluoride salt and a high

solubility component, an anticoagulant, wherein the additive particle formulation has

a mesh size of about 20 to about 120.

Preferably, the ﬂuonde salt is sodxum fluoride, htlnum fluoride, potassmm

 fluoride or ammonium ﬂuonde and most preferably sodium fluoride. -

_ Preferably, the anticoagulant is an oxalate salt such as potaesium oxalate
ammonium oxalate, sodium oxalate or lithium oxalate and most preferably
| potassxum oxalate.

Preferably, the additive particle fomlulation comprises about 1 mg to about
10 mg of a fluoride salt and about 1 mg to about 10 mg of an oxalate salt per 1 ml of
blood and most preferably about 2.5 mg of a fluoride salt and about 2 mg. of an

.oxalate salt per 1 ml of blood.

The addmve partmle of the present mventlon is formulated by a method,
compnsmg the followmg steps:

(@) mixing a fluoride salt and an anticoagulant;
(b) adding distilled water to the mixture; ~
- (c) forming the mixture into particles;

conpri ses about 2.5 -ng of a fl uorr de salt and about 2.0




Preferably the particle nesh size of the additive fornulatiprrs—about=—20==r=
to about - 120 and nost preferably .from about 42 to about 80. W@@dﬁ%u‘\ﬁebﬂ‘:s—l !l
particle formulation is prepared by a nmethod, conprising thg 5 ﬂgﬁomu?glg% ”
steps: (a)- mxing a fluoride salt -and an oxal ate salt; (b)

distilled water to the m xture; (c) f orm ng t-he mxture I ntopartrcres, 10

(d) heat-drying the particles to a nojsture content is |ess than about

0.5% to about excluding water of crys.tﬁ‘al lization; and (e) sieving the
particles into a nmesh size of about- 20 to about 120. The additive particles

are then fill eg)i ntlﬁa@-dijlﬁg%é altRdéd ARtk Hiéemoisugrep&ﬁzfté‘dtao’f* the pdificledrigl ng
step is spraying- drl&ﬂ%‘(m Gbbut B%exgu(?iﬂglw%t'erngr 1)StaltStion; and

(e) 51ev1ng the partxcles into a mesh size of about 20 to about 120

5 . The additiv’e. pam'cles are then ﬁlled into a blood collection tube. Mo_st
~ preferably, the mesh size of the additive particles is about 42 to about 80.

Preferably, the forming step is spraying-drying, extruding, granulating and the

like. | - o
10 |

The form and grain size of the additive partlcles are umform and therefore the

~ disintegration and dissolution velocity also uniform. Therefore, the effects of the

additive on the blood, namely its capacity to prevent glycolysis and coagulation are

constant. It is believed that as the high solubility component of the particle

15 dissolves, it dlsperses the lower solubility component into the blood specimen

increasing its surface area available for d1ssolutxon '

W1th this mvenuon in contrast to the commerclally avallable additives in
tubes, the additive particle formulation of the present invention comprising a particle
20 ofa fluoride salt and an antlcoagulant, having a mesh size of about 20 to 120, can be
more easﬂy filled into a blood collection tube. A blood collection tube with this
" particle formulation will provide the desn‘ed antlglycolysm and antlcoagulatlon
propemes to the specimen collected.

25 Furthermore, the addmve parncle formulahon of the present - invention
provides more consistent results as compared to the commercxally available additive
- formulations. Commercially available additive formulations consist of blended
powder formulations comprising sodium fluoride and potassium oxalate. In the
“blended powder mixtures, the density and particle size of each component varies,

30 causing the component ratios to change durmg tube filling process.

Such commercially avallable products mclude VACUTAINER® Glass Tubes
containing a powder fill of sodium fluoride (7.5 mg) and potassium oxalate (6 mg),
5:4 ratio, Order No. 367722 (Becton, Dickinson and Company, 1 Becton Drive,
35  Franklin Lakes, New Jersey 07417-1880). | - |



i ke. Cbnblnlng the additive conponents together i ncr eases|
rate of 20 the |ow sol ubili ty .component (fluoride salt) Jﬁéﬁ?ﬁ@@ﬂ’l‘tsmT |

di'spersion of the | ow solubility component within the hig kb

conmponent (oxal ate salt). Therefore, ‘the surface area of the-tow-sali

conponent is: exposed and increases as the high solubility conponent

di ssol ves. 25 The advantages of a tube with the additive particle
formul ation of the present invention i © nore precise, uniformfill, stable
test values nininizing glycolysis and coagul ation of a blood specimen and

g gggs Slr Z s g:c ug Ih ghe%fdditt\% @g&ngqgﬁnmah@n@obﬂﬁqﬁem ¢hveRion provides beméreand he
C nhapc
col | ecti o™ 8518 h§° 2% é‘ﬂt‘h c{ﬁe eﬁ@%gmge%#{ﬁ%ﬁ Qﬂ{fhggr%fﬁpeepmm@%ald '
L dlSSOluthII of the partlcle additive formulation into the blood specimen 1s %acafltated
and the initiation of glycolysis and coagulation of the blood spemmen is prevented.

ot
-

Most notably, the add1t1ve particle formulatwn of the present invention
provides a more stable blood to additive concentration over the shelf life of the
device so that the product performance over the shelf-hfe of the product remains
[more consistent. :

10 - S - : :

| Additionally, the additive particle formulation of the present invention have
substantlally unproved flow charactenstlcs as compared to a blended powder
' tmxture of the same components. '

15 "Preparation and validation of a powder blend formulation is tlme consuming
‘and does not provide consistent formulation. Furthermore there is substantial -
material waste and homogeneity of the blend that is difficult to maintain. In

* . addition, the dispensing process of milligram quantities of powder blend may result
in individual tube aliquots which may differ significantly from the needed blend

20 ratio. : ' ' : : '

Furthermore, there is a cost advantage with the device and the method for
making the same accordmg to the present invention. The increased preclslon m
‘providing a particle additive formulation into the tube enables lower amounts of
25 components to be used. Therefore waste during manufactunng is mmxmxzed and
cost reductions are reahzed : :

. The additive partlcle formulation i 1mproves collection and analysis of blood by

a number a factors: (i) a direct sampling device nozzle or probe of an automatic

30 analyzer is less likely to clog because the formation of fibrin in the plasma is

reduced due to the improved anticoagulation of the sample (ii) improved additive

- fill due to the conmsistency of the components in the fill; and (iii) improved

dissolution rate of the low solubility component (fluoride salt), due to dispersion of

‘the low solubility component within the high solubility component. - As the high

35  solubility component dissolves it disperses the low solubility component into the
blood specxmen increasing its surface area available for dxssolutlon



bl ood coll ection device or a non-evacuated bl ood collectiorn

(

~IQ=YEFQ_@:CEM@\!T SHEET -
bl ood col I'ection device is desirably made of polyethylene tej

epht ahl ate or

pol ypropyl ene. 35 - Water is nost- preferably used as thg mévebﬁ m ]395 |
m xi ng and form ng the partlcl e because water has mni nmal detisentat
effects on product or environnent. [err] 9-A variety of other corrpounds

can be forned into the particles. Such things include but are not limted.

to, polyvinyl pyrrolidoneand car boxymet hy cellul ose. 5

Referring to

the drawings in which-like parts throughout the several views thereof, FIG
1 shows a typi cal blood collection tube 10, having an open end 16, a
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Thus the addxtxve particle formulation of the present invention imparts to the

* collection devices and the samples contained therein, combined anticoagulation and

antiglycolysis properties. In addition, the process of formulating the additive as a
particle of components reduces the hygroscopic property of the oxalate salt in the
particle which helps in the filling operation by improving fill accuracy and reducing

fill vanatlon of the additive into the blood collection device. As the oxalate sait

absorbs moisture, it changes in weight and causes a rgductlon in the fill vqlume
required.  Furthermore, powder behave differently in the filling equipment.
Therefore, there is a variation in the volume of powder dxspensed and filling of the

) 'blood collection device.

~ Unlike the conventional fill processes, the present invention does not require
preparing solutions, mixing powder or a drying procedure after filling additive.
Thus preparation and control of the additive particle formulation is snnple and work
efﬁclency improves in production.

~ The present invention has xmproved additive fill due to the cons1stency of the
components of the particle. The variation in fill of the fluoride salt and the
anficoagulant is reduced since error is then limited to fill error and not the
combination of fill error and segregation error. Segregation error is caused due to
separation of chemical components on account of their density and particle size

differences during process of filling. Additionally, the volumetric fill error itself is

reduced by controlling' the particle size range. Furthermore, reducing the overall
variation in fill quantities of the subcomponents, improves specimen quality by

‘maintaining optimal additive to blood ratios. Therefore, the performance of the -
- additive particle is reliable and consistent. '

DESCRIPTION OF THE DRAWINGS
. FIG. 1 is a perspective view of a typical blood collection tube with a stopper.

. FIG. 2 is a longitudinal sécﬁonél view of the tube of FIG. 1 taken along line
2-2, comprising the particle additive formulation of the present invention.



cl osed end 18, and a stopper 14 that includes a | ower annu
skirt 15 which extends into and processes agai nst the insi
mai.nt ai ni ng stopper 14 in place. 10 FIG 2 shows

. the fornul ati on. of the present invention in a typical bloo

“tube for
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tube. The particle additive fornmulation 20 is shown near the closed end of

t he tube.

15

10 that conprises particle additive formulation 20.. The bl ood sanple
efficiently contacts particle additive fornulation 20 so that particle

additive fornul ati on 20 rap| dIDETAISED BESCRIPTION! ood sanpl e and '
gI ycol yS| S and coagul ation is substantr al | y preventeéd for a period of tine:
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The present invention may be embodied in other specific forms and is not
limited to any specific embodiments described in detail which are merely exemplary.

~ Various other modifications will be apparent to and readily made by those skilled in
the art without departing from the scope and spirit of the invention. The scope of
the invention will be measured by the appended claims and their equivalents.

The addmve particle formulation of t.he present invention preferably

‘comprises a low solubility component and a high solubility component. Combining

the additive components together increases the dispersion rate of the low solubility
component due to the dispersion rate of the low solubility component within the

high solubility component. Therefore, “the surface area of the low solubility .

component is exposed and increased as the htgh solubthty component dissolves in a
blood specimen.

E Most preferably, the low solubility component is a fluoride salt and the high

| solubility component is an anticoagulant.

Preferably, the fluoride salt is sodlum fluoride, hthtum fluoride, potassmm

A bl ood sanple of ipterest can be transferred into tube

fluoride or ammonium ﬂuonde Most ‘preferably, the ﬂuonde salt is sodium

ﬂuonde

Preferably, the antxcoagulant is an oxalate such as potassmm oxalate, sodium’

oxalate, lithium oxalate or ammomum oxalate. Most preferably, the oxalate is
potassmm oxalate.

Preferably, the additive p,article formulation, per 1 ml of blood, comprises:

(@) from about 1.0 to about 10.0 mgs of a fluoride salt ; and |
(b)  from about 1.0 to about 10.0 mgs of an oxalate salt.

Most preferably, the addmve partxcle formulation, per 1 mi of blood,
comprises about 2.5 mg of a fluoride salt and about 2.0 mg of an oxalate salt.
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Various other nodifications will be apparent to and may be r ammyxommmﬂssr

those skilled in the art without departing fromthe scope an
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i nvention. The exanples are not limted to any specific enbo iOreéant..
“invention but 25 are only. exenplary. [err] 10 EXAMPLE 1 5

PREPARATI ON OF ADDI TI VE PARTI CLE FORMULATI ON An-additive particle -
formul ati on was prepar ed by dissolving #&bout 100g of sodium fluoride and
about 809 of pot assi um oxal ate in about 35 m's of distilled

5

10

15

- 20

Preferably the parttcle mesh size of the additive formulation is about 20 to

- about 120 and most preferably ﬁom about 42 to about 80.

The additive particle formulation is prepared by a method compnsmg the
followmg steps

() mixing a fluoride salt and an oxalate salt

(b) adding distilled water to the mixture;

(c) forming the mixture into particles;

(d) heat-drying the particles to a moisture content is less than about 0.5%
to about excluding water of crystallization; and

(e) sieving the particles into a mesh size of about 20 to about 120.

- The additive pétticles are then filled into a blood collection tube.
Preferably; the form'in_g step is spraying-drying, extruding'; granulating and the

COmbinihg the additiye_ components together_ increases the dissolution rate of |
the low solubility component (fluoride salt) due to the dispersion of the low

~ solubility component within the high solubility component (oxalate salt). Therefore,

the surface area of the low solubility component is exposed and increases as the

' lugh solubility component dlssolves

25

"30

35

- The advantages of a tube with the add1t1ve particle formulation of the present

invention is more precise, uniform fill, stable test values minimizing glycolysis and
| coagulatlon of a blood specimen and good dlssolutlon of the particle into a blood |
specimen. Furthermore the exposure of the particle to-a blood specxmen is

enhanced.

A blood collectlon device of the present invention can be exther an evacuated
blood collection device or a non-evacuated blood collection device. The blood
collection device is desirably made of polyethylene terephtahlate or polypropylene. '

Water is most preferably used as the solvent for mixing and forming the |
particle because water has mxmmal detnmental effects on product or environment.

.



10 water. The aqueous"forrrul ation was then formed and dri
particles. The particles were sieved to a nmesh size of abo
each tube, 9 ng of the particles of the fornulation were.pl

dﬁlﬁw%m SHEET

wer e each evacuated to a 2m draw and sealed with.a cl osur

Lo e e e

sterilized by gamma irradiation at 1.5 nmega Rads. VWHAT |'S CLAIMED | S:
[err] 1. A bl ood coll ection device conprising.a top end, a bottomend, a
si dewal | extending fromsaid top end to said bottom end and including an
exterior and interior surface and an additive particle fornul ation
conprising a | ow sol ubility- conponent and a high solubility corrponent

V\/ner ein said pg{ clet(}alsoth Sther é‘ox{h‘?éﬁ‘nd% & be formed into the particles. Such thmgs

include but are not hmlted to, polyvinylpyrrolidone and carboxymethyl cellulose.

5 ' Referrmg to the drawings in which like parts throughout the several views
 thereof, FIG. 1 shows a typical blood collection tube 10, having an open end 16, a
closed end 18, and a stopper 14 that includes a lower annular portion or skirt 15
- which extends into and processes against the inside wall 12 of the tube for
_ maintaining stopper 14.in place.
10 . . S .
"FIG. 2 shows the particle of the formulation of the present.invention in a
typical blood collection tube. The particle additive formulatlon 20 is'shown near the
closed end of the tube. : :

15 A blood sample of interest can be transferred into tube 10 that comprises
particle additive formulauon 20. The blood sample efﬁctently contacts particle
additive formulation 20 so that particle additive formulation 20 rapidly dissolves
into the blood sample and glycolysis and coagulanon is substantlally prevented for a

o period of time.

20 |
' Vanous other modxﬁcatlons will be apparent to and may be readlly made by
‘those skilled in the art thhout departing from the scope and spirit of the invention.

The examples are not hlmted to any speclﬁc embodlment of the invention but '
25 are only exemplary '



from about 20 to about 120 and said high solubility corrpon‘e th,bm;ygﬁT gnggr
di spenses said -l ow solubility conponent into a blood speci ere%
~exposing and increasing the surface area of the | ow sol ubili tMatﬁ‘?. ________ EMAR 1996..

‘for .dissolution. 2. The device of . Claim1 wherein the nesl

e

particles are from about 42 to about 80. 3. The device of O aim2 wherein
said particles are granul ated 4. . The device of Claim1 wherein said | ow
solubility .conponent is a fluoride salt and said high solubility conponent
is an oxal ate. 5. The device of Claim4 wherein said fluoride salt is .~
sodium fluoride, lithiumfluoride, potassiumfluoride or anmoni um fl uori de.
6. The deviceé of Claimb5 wherein said fluoride salt is sodiumfluoride.

7.  The device of Caimb5 wherein said oxalate salt is potassium oxal ate,
amoni um oxal ate, sodi um oxal at e oEXAMPLE dxal ate. -

10

15

' PREPARATION OF ADDITIVE PARTICLE FORMULATION

An additive particle formulation was prepared by dissolving about 100g of
sodium fluoride 'and about 80g of potassium oxalate in about 35 mis of distilled
water. The aqueous formulation was then formed and dried into particles. The
particles were sieved to a mesh size of about 42 to 80. In each tube 9 mg of the -

 particles of the formulation were placed

'I'he tubes were each evacuated toa 2ml draw and sealed with a closure and
sterilized by gamma irradiation at 1.5 mega Rads. ' '



8. The device of Claim7 wherein said oxalate salt is potasH @h%

9. The device of Caim4, wherein said additive particle, )er 1 @éﬂi HEET
bl ood, conpri ses: (a) about 1.0 ng to about 10.0 ng of a fl upr[jagbe]sﬁl__MAR"'
(b) about 1.0 ng to about 10.0 ny of an oxalate salt. [ Bl
“device of aim1, wherein said blood collection device is pl astic. 11.
The device of Caim9 wherein said additive particle,

per—1—m—of—blood—
corrprl ses about 2.5 ngs of a fluoride lslalt and about 2.
st es @ o ftenie g Il iy i

WHAT IS CLAIMED IS:

1. A blood collection device comprising a top end, a bottom end, a
sidewall extending from said top end to said bottom end and including an exterior
and interior surface and an additive particle formulation comprising a low solubility
component and 2 high solubility component wherein said particles have a mesh size

" from about 20 to about 120 and said high solubility component dissolves and
dispenses said low solubility component into a blood specimen thereby exposing
and increasing the surface area of the low solubility component for dissolution. |

2. The device of C1a1m 1 wherem the mesh size of satd parucles are ﬁom
about 42 to about 80.

| 3. The device of Claim 2 wherem sald parttcles are granulated

.4. The device of Claim 1 wherem sa1d low solubility component isa
fluoride salt and said hlgh solublhty component is an oxalate.

5.  The deVIce of Clalm 4 wherein said ﬂuonde salt is sodium ﬂuonde
lithium ﬂuonde potassmm ﬂuonde or ammonium fluoride. -

6. The device of Claim 5 wherein said fluoride salt is sodium fluoride.

7.  The devxce of Cla:m 5 wherein said oxalate salt 1s potassmm oxalate
ammomum oxalate, sodium oxalate or lithium oxalate.

8.  The device of Claim 7 wherein said oxalate salt is potasSium 0xa1ate.

9. The devxce of Claim 4, wherem sald additive parhcle per 1 ml of '
blood, comprises: ' '

(a) about 1.0 mg to about 10.0 mg of a fluoride salt; and
(b) about 1.0 mg to about 10.0 mg of an oxalate salt.




12, An addi tive particle forrrul ation for use in blood col ||leggPOXCEMERRE SHBET ||
m nim ze glycolysis and. coagul ation, conprising a fluoridejsalt an%irMAR 1996
oXal ate salt, having a mesh size: from about 20 to about 12 Déta
addi tive partlcl e fornulation of Caim1l12 wherein the nesh
particle is fromabout 42 to about 80. 14. The particle of Cla|m12 whereln
~said fluoride salt is sodiumfluoride, |ithiumfluoride, Eﬁw Mmmim;irm,
~or anmonjumfluoride. 15.- The part;ﬁe of -Claim 14 vvherel n
salt is sodiumfluoride. 16. The p icle of Claim 15 wherein said dkal®at &

salt is potas$)um Diatiedi8e oRIMIM LRvkerainAdatd BRIGIUEBIRYAbRHEBVIRE id plablicim
oxal ate. 17. The particle of Claim16 wherein said oxalate salt is -

pot assi um oxal ate 18. The particle of Cdaim17, per. 1 ' nm of bl Ob(i
conprising: (&} ﬂe\tcoOfr@lm Qwdgrein ga adgitivg partlgbdperrl mlpfhlged, and

compnses about 2.5 mgs of a fluoride salt and about 2.0 mg of an oxalate salt.

ot ———r

12. An additiVe particle foxmulation' for use in blood collection tubes to
‘minimize glycolysxs and coagulation, comprising a fluoride salt and an oxalate salt
| havmg a mesh size from about 20 to about 120.

13. I'he additive particle formulation of Claim 12 wherein the mesh size o_f
said particle-is from about 42 toabout 80. . °

14. The partlcle of Claim 12 wherein sard fluonide salt is sodmm ﬂuonde
lithium ﬂuonde potassmm fluoride or ammonium fluoride.

15 The.partlcle of Claim 14 wherein said ﬂuonde salt is sodium ﬂuoride.

'16. The particle of Clalm 15 wherein said oxalate salt is potassrum oxalate,
_ ammomum oxalate sodium oxalate or lithium oxalate :

17. The particle of Claim 16 wherein said oxalate salt is potassiurn oxalate.
18.  The particle of Claim 17, per 1 ml of blood, COrnprising:

€)) about 1.0 mg to about 10.0 mgs of a sodium ﬂuonde and
(b) about 1.0 mg to about 10.0 mgs of a potassrum oxalate

19. A method for preparing an additive particle formulation comprising the
steps of: o : o

(a) preparing a mixture of a fluoride salt and an oxalate salt

® dissolvmg said mixture in water;

(c) forming said mixture into particles;

(d) heat-drying said particles to a moisture content of less than about 0 5%
| excluding water of crystalhzation and



(b) about 1.0 ng to about 10.0 ngs of a potassium oxal ate
far preparing an additive particle fornulation conprising f{
preparing a mxture of a fluoride salt” and an oxal ate salt]
'said mixture in water, (c) form ng said mxture into parti

LAG‘EW%‘Q'l" SHEET

" Steﬂla"mﬁ%

heat - dryi ng said partlcles to a moisture content of less th

an about 0.5%

excludi g Water of crystaliza o Shd '_ .[e”] a HIIIIIHHIHIIIHllllllHlll

(e) sxevmg said particles into a mesh size of about 20 to about 120 mesh

. size.

20. The method of Claim 19 wherem said formmg step is spraymg—drymg,

extrudmg or granulatmg

21. The method of Claim 19 wherem said ﬂuonde salt is sod1um ﬂuonde

lithium ﬂuonde potassmm ﬂuonde or ammomum ﬂuonde

22, The method of Claim 21 wherein said fluoride salt is sodium fluoride.

23. The method of Clalm 22 wherein said oxalate salt is potassmm oxalate,

ammonium oxalate, sodium oxalate or l1tluum oxalate

24, The method of Claxm 23 wherem said oxalate salt is potassium oxalate.

25. ’I'he method of Claim 24 wherem said additive parhcle formulatxon, per

1 ml of blood, compnses

(a) about 1.0 mg to abo.ut' 10. 0 mg of .a sodium fluoride; and -
“(b) aboutl.0 mg to about 10.0 mgofa potassium oxalate.-

" 26. The method of Claim 25 whereln said particle, per 1 ml of blood

compnses about 2.5 mg of a sodium fluoride and about 2.0 mg of
oxalate. : :

a potassium

27. The method of Claim 26 wherem the mesh size of said partxcle is from _

about 42 to about 80.



(é) sieving said particles into a mesh size of about 20 thaB@aﬂ‘izﬂineghf
size.""20. The nmethod of C aim 19 wherein said formng steb S
sprayi ng-drying, extruding or granulating. 21.- The net hod! @faecl{llﬁaw 1996.

 Pespimimbtmtartnarsr ety

wherein said fluoride salt is sodiumfluoride, |ithiumfl|uorrde,—potasstuntr
fluoride or. ammoni um fluoride. 22. The [I[EizhOd of Claim21 wherein said
fluoride salt is sodiumfluoride. nmet hod of Cl aim?22 wherein said
oxal ate sa ot asgi um oxal at e, ammnl um oxal ate, sodi um oxal ate or
l'ithium oxf‘%g The nethod of Cl aim 23 wherein said oxalate salt is
pot assi um Oxa The nethod of C aim 24 wherein said additive
particle formul atlon, per 1 m of blood, conprises: (a) about 1.0 ng to
about 10. 0 ng of a soegyum fluoride; and :
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(b) about 1.0 my to about 10.0 ng of a potassium oxal ate. AepLadhmeEREtIHEET
of .Ctaim25 wherein said particle, per 1 m of bl ood conpri| ses abqu .

of a sodium fl uori de and about 2.0 ng of a potassium oxal g 1b% %‘ﬁé w
~ met hod of C1a|m26 whereln t he mesh- S|ze of said particlel

~to about 80 :

APPARATUS FOR INHIBITING GLYCOLYSIS
' IN BLOOD SAMPLES

'ABSTRACT OF THE DISCLOSURE

* A blood collection device comprising a formed additive particle formulation.
The additive particle formulation is an improvement over available additive
formulations that are powder blended in that the components of the additive
formulation of the present invention are in each formed particle. The formed
additive particle formulation comprises a fluoride . salt and an oxalate salt to
- minimize glycolysis and coagulatlon ofa blood specnmen

Figure 1 and 2




