petetamsaonr. — ey

APPARATUS FOR | NHI BI TI NG GLYCOLYSI S 10 'THis N BL =N
SAVPL'ES BACKGROUND OF THE | NVENTI ON 15 ;:LLME;@I d
of the Invention This invention relates to a bl ood col | ectl
use in chemstry studies. Mre particularly, the present invention pertains
to a blood collection device conprising an additive particle formlation,
-which fo %méloat I on has conbined 20 antiglycolysis and anticoagul ati on
properti 2. Description of the Related Art In carrying out blood

col | ection, centrlfugl ng and neasurement of the blood 25 sugar value for a

" specine I, e.q‘}] ince the steps required are tine

consum bié %f$“34$1(&leggsec}w& gf the collection and testing
wor k ef f @I%ﬁg eRONE A 994 hen biood is allowed to remain in a tube
after being coI | ect ed, the bI ood

UNITED STATES PATENT APPLICATION

5
OF: TATSUHIKO IKEDA, AJIT N. DASTANE
AND ROBERT LOSADA
FOR: APPARATUS FOR INHIBITING GLYCOLYSIS
10 IN BLOOD SAMPLES
BACKGROUND OF THE INVENTION -
15 1. Field of the Invention

This invention relates to a blood collection device for use m chemistry
studies. More particularly, the present invention pertains to a blood collection
device comprising an additive particle 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 collection 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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30 sugar value of the specinmen declines with the passage (f "L‘u e r'_ut:L,dug(E,_,:N
of gl’ycolysis, that is, consunption of the sugar conponent bW@hé"fc%l\E‘%’ Ph=
the bl ood. Therefore, an additive or reagent for inhibiting gl ycBEYESEPn

bl ood that is collected and stored for a period of tine prior to testing is
needed. 2 A typical antiglycolytic agent, sodium fluoride has been used
to reducg gl\?/col ysis in blood. Sodiumfluoride is associated with

anti gl ycé)l‘y“f T action as well as hemol ytic toxicity and anticoagul ant
activity. 5 However, the anticoagulant activity of the sodium
fluoride is not sufficient at the |ow additive_levels required for

anti gl ycol yt i é d¥Picsh amfaeligebitich geaahos9diue Tiheerde has hecp) bord danpeduce
treated wydoipsidiinblodbdoSatiugnildotide 19assodihrdd withoantidigcolytic 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 requiréd 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 could be combined with the sodium fluoride so as to form an
additive formulation for use in blood collection devices. A low hemolytic toxicity
type of component is desirable for the anticoagulant, since hemolysis in “the
specimen will affect the glucose values.

15

Freeze drying, vacuum drying, liquid filling and powder filling are the
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

20 desirable. With drying methods, the additive formulations tend to be localized
within the tube. Also, vacuum drying process may adversely affect the dissolution
characteristics of the additives.

Powder filling of formulations is currently used to produce additives, that

25 have more than two (2) components, wherein the components are dry blended

before filling into the tube. However, it is very difficult to blend and fill because the

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

30 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
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
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the subsequent 10 nethod of bl ood sugar analysis. To renmedy the-’

shortcomi ng of sodium fluoride, another conponent could be conbined with
the sodiumfluoride so as to forman additive formulation for use in blood
collection devices. A low hemplytic toxicity type of conponent is desirable

for the aneB@dagul ant, since hemolysis in the specinmen will affect the
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A need has therefore been identified for solid additive formulations with
improved fill and reduced hemolysis properties for blood collection devices. Blood
collection tubes need to be designed in such a manner that additive fill fonmulations
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.

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
solubility component, an anticoagulant, wherein the additive particle formulation has
a mesh size of about 130 to about 350.

Preferably, the fluoride salt is sodium fluoride, lithium fluoride, potassium
fluoride or ammonium fluornde.

Preferably, the anticoagulant is ethylenediaminetetraacetate salt (EDTA) or a
heparin salt. The heparin salt may be sodium heparin, lithium heparin or ammonium
heparin.

Preferably, the EDTA salt may be ethylenediaminetetraacetate disodium
(EDTA-2Na) or ethylenediaminetetraacetate dipotassium (EDTA-2K).

Preferably, the additive particle formulation comprises about 1.0 mg to about
10.0 mg of fluoride salt and about 1.0 mg to about 10.0 mg of EDTA or about 1.0
United States Pharmacopeia (USP) unit to about 20.0 USP units of heparin salt per
1.0 ml of blood and most preferably about 1.5 mg of fluoride salt and about 3.0 mg
of an EDTA or 10 USP units of heparin salts per 1.0 ml of blood.

The additive particle of the present invention 1W5d

comprising the following steps:
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currently used to produce additives, that 25 have nore thpnHRGHERY HiAS BEE
conponents, wherein the conponents are dry bl ended before fjillj nd*?’ﬁt@it%e
tube. However, it is very difficult to blend and fill because the conponent
rati os vary due to the different specific gravity and particle size of each
conponent ,q Zvvder m Xxi ng consists of sifting the conponents and then m xi ng
in a hi gh"sﬁ ed mxer. The result is a bulk powder m xture that is then

di spensed into a 30 tube. Each conponent separates from the other in the
~dry bl ended powder formulation by shock or vibration. As a result, the
conponent ratio varies in each tube. Liquid fillin I S not practlcal
because of tHe)mwingal flborideysaltoand lan amc@agulguyﬂg)) widing distdled waterutant
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|
are requ ce se .V
9% e partléies 1s less than about 0.5% excluding water of

characteristics of the additives. Powder filling of fornulaffons—ts q

e moisture content 0

5 crystallization; (e) milling the particles; and (f) sieving the particles to obtain
particles having a mesh size of about 130 to about 350.

Most preferably, the mesh size of the additive particles 1s about 130 to about
180.
10
The forming step is preferably spraying-drying, extruding, granulating and the
like.
The form and grain size of the additive particles are uniform and therefore its
15 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
dissolves, it disperses the lower solubility component, in this case the fluoride salt,
into the blood specimen increasing its surface area available for dissolution.
20
With this invention, in contrast to the commercially available additives in
tubes, the additive particle formulation of the present invention comprising a
fluoride salt and an anticoagulant, having a mesh size of about 130 to 350, can be
more easily filled into a blood collection tube. A blood collection tube with this
25 particle formulation will provide the desired antiglycolysis and anticoagulation
properties to the specimen collected with low hemolysis.

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

(U5
h

such commercially available products include VACUTAINER® Glass Tubes
containing a powder fill of sodium fluoride and ethylenediaminetetraacetate
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resulting plasma sanple by dilution. |In addition, liQUif
practical because liquid additives are subject to perneafi
pl astic tubes which will lead to drying of the additive laat 0

di ssol ution characterstics. 5 A need has therefore been |dent|
for solid additive fornulations with inproved fill and reduced henol ysis
propert 52 bl ood coll ection devices. Blood collection tubes need to be
de5|gne ﬁ uch a manner that additive fill formulations in tubes
efficiently work in tests or analysis, and the fornul ati ons do not

o hermt ?3%‘%‘%% 4% r%ﬁ’@?ﬁ?}ct@f @?‘?@%@héﬁa ity | A& DAY
t her apeiranklin dgikesnNeav Jarsey SUMMNRY888). THE | NVENTI ON' The present i nvent | on

is a blood collection device with an additive 15 fornulation conprising a

Iowsolublllt conponent ride salt d a hi
The additive partlci ormulations of the prese%t invention provides better and

5 more consistent contact with the blood specimen and therefore more rapid
dissolution of the additive particle 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 mvention
10 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.
Additionally, the additive particle formulation of the present invention has
15 substantially improved flow characteristics as compared to a powder blended
formulations of the same components. :

Unlike the conventional fill processes, the additive particle of the present
invention does not require preparing solution, mixing powder or a drying procedure
20 after filling additive. Preparation and validation of a powder blended formulation 1s
time consuming and does not provide consistent formulation. Furthermore, there is
a substantial material waste and homogeneity of the powder blend is difficult to
maintain. In addition, the dispensing process of milligram quantities of powder
blend may result in individual tube aliquots which may differ substantially from the
25 needed blend ratio. Thus preparation and control of a granulated additive particle
formulation is simple and efficient and provides a more accurate and reliable means

for inhibiting coagulation and glycolysis in a sample.

Furthermore, there is a cost advantage with the device and the method for

30 making the same according to the present invention. The increased precision in

providing a granulated particle additive formulation into the tube enables lower

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

93]
[,

The additive particle formulation improves collection and analysis of blood by
a number a factors: (1) a direct sampling device nozzle or probe of an autvinatic
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solubility conponent, an anticoagul ant, wherein the additive,.particle

formul ation has a nesh size of about 130 to about 350. Pre
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or ammoni um fluoride. Preferably, the anticoagulant is
et hyl enedi am netetraacetate salt (EDTA) or a heparin salt.

The hepar| n salt

may be sodi um heparin, lithium heparin or ammonium heparin. 25 Preferably,
t he EDTAPs&$?7 nay be et hyl enedi ami net et r aacet at e di sodi um ( EDTA- 2Na) or
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dissolution rate of the low solubility component due to dlsperswn of the low
solubility component, within the high solubility component.

Thus the method and additive particle formulation of the present invention
imparts to the collection devices and the samples contained therein, combined
anticoagulation and antiglycolysis properties.

The additive particle formulation of 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 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 formulation is reliable and consistent.

The additive particle formulation of the present invention has the further
advantage over conventional additive formulations in that hemolysis is minimized in
a blood sample with use of the granulated particle additive, and therefore no false
data of the blood glucose value. Because of the multiplicity of instrumentation and
variations in methods for the measurement of glucose, the magnitude of the effect of
hemolysis on each glucose procedure is important. As such for accurate glucose
measurements, it is therefore desirable to avoid or minimize hemolysis by using the
granulated additive particle of the present invention. Furthermore, typical additive
formulations cause hemolysis with passage of time after blood collection, and
therefore the specimen is most likely to exhibit false data of the glucose value by the
colorimetric assay method.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a typical blood coliection tube with a stopper.
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of an EDTA or 10 USP units of heparin salts per 1.0 m of b S

The additive particle of the present inventign Is fornul ate g&"’apg“'iﬂ"és BEEN .
conprising the foll owi ng steps: 4 (a) mxing a fluoride - L

anticoagul ant; (b) adding distilled water to the mxture; (c) formng the

m xture into particles (d) heat-drying the particles until the noisture
content of the particles is | ess than about 0.5% excluding water of 5

crystal Pr38Ton; (e) nilling the particles; and (f) sieving the particles

to obtain partlcl es having a nesh size of about 130 to about 350. Most

ﬁ)rsgferably, the nesh size of the additive particles is about 130 to about

{

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

5 DETAILED DESCRIPTION

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

10 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
comprises a low solubility component and a high solubility component. Combining
15 the additive components together increases the dissolution rate of the low solubility
component, due to the dispersion of the low solubility component, within the high
solubility component. Therefore, the surface area of the low solubility component is
exposed as the high solubility component dissolves in the blood specimen. Most
preferably, the low solubility component is a fluoride salt and the high solubility
20 component is an anticoagulant. |

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

25
Preferably, the anticoagulant is ethylenediaminetetraacetate salt (EDTA) or a
heparin salt. The hepann salt may be sodium heparin, lithium heparin or ammonium
heparin.

30 Preferably, the EDTA salt may be ethylenediaminetetraacetate dissodium
(EDTA-2N,) or ethylenediaminetetraacetate dipotassium (EDTA-2K).

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

35 (a) from about 1.0 to about 10.0 mgs of a fluoride salt; and
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10 The formng step is preferably spraying-drying, extruding| C at T 1 ;
and the |ike. The formand grain size of the additive parti clljesH&&H Fop HFJ“l
and therefore its 15 disintegration and dissolution velocity also &ﬁ?ﬁﬁk
Therefore, the effects of the additive on the blood, nanely its capacity to
prevent glycolysis and coagul ation are constant. It is believed that as the

hi gh solggggéz% conponent of the particle dissolves, it disperses the |ower

sol ubi |'i onent, in this case the fluoride salt, into the bl ood

specimen increasing its surface area available for dissolution. 20 Wth

tubes. 1t he. adaPdi e O ARt B aR TRt & AN 3R Safath fpliTabol 1.0
conpri si ﬁé}SBlﬁllU@rabmlts%O UShungs ofat hepaausalht , having a mesh size of

about 130 to 350, can be nore eaS|ny|IIed|ntoabIood col l ection tube. A

bl ood col l ection tube . with th
Most preferably, the add1t1ve particle formulation comprises, per 1 ml of

5 Dblood, about 1.5 mg of a fluoride salt and about 3.0 mg of an EDTA salt or 10 USP
units of a heparin salt. '

Preferably the particle mesh size of the additive formulation is about 130 to

. about 350 and most preferably from about 130 to about 180.
10
The additive particle formulation is prepared by a method comprising the
following steps: (a) mixing sodium fluoride and an EDTA salt or a heparin salt; (b)
adding distilled water to the mixture; (c) forming the mixture into particles; (d) h&at-
drying the particles until the moisture content of the particles is less than about 0.5%
15 excluding water of crystallization; (e) milling the particles; and (f) sieving the
particles to obtain granulated particles having a mesh size of about 130 to about

350.

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

Combining the additive components together increases the dissolution rate of
the low solubility components (fluoride salt) due to the dispersion of the low
solubility component within the high solubility -component (anticoagulant).

25 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 and uniform fill, stable test values, lower hemolysis and

30 good dissolution rate 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 coliection device or a non-evacuated blood collection device. The blood

collection device is desirably made of polyethylene terephtahlate or polypropvlenc.
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particle formulation will provide the desired anti gl yc;oh—MpSi§H \

anticoagul ation properties to the specinmen collected with ljo %gld
Furthernore, -the additive particle formulati on of the present ’"“ ent-on
results as conpared to the comercially avail able
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addi tive. formul ations. Commercially avail able additive fornul ations

consi st _of gl ended powder fornul ations conprising sodiumfluoride and EDTA
In the Bl-éf

conponent varies,

35

ed powder m xtures, the density and particle size of each

et hyl engairticiertsscaiusaacatenhas minfmal detrimental effects on product or environment.
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A variety of other compounds can be formed into the particles. Such things
include, but are not limited to, polyvinypyrrolidone and carboxymethylcellulose.

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 ifi 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 blood 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 specific embodiment of the invention but
are only exemplary.

EXAMPLE 1

PREPARATION OF ADDITIVE PARTICLE FORMULATION

A particle formulation was prepared by dissolving about 50g of sodium
fluoride and about 100g of EDTA-2Na in about 30 mlis of distilled water. The
aqueous formulation was then formed and dried into particles. The particics were
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di sodium Order No. 367728 (Becton, D ckinson and Conpany, j=RBeeten-DXive. ...
Frankiin Lakes, New Jersey 07417-1880). The additive parti c| erHisSmHEAt1ABBEEN
of the present invention provides better and 5 nore consisffent CRERICIED

wi th the bl ood specinmen and therefore nore rapid dissoluti ot ==l
additive particle into the blood specinen is facilitated, and the

initiation of glycolysis and coagul ation of the blood specinen is

prevent ed-2RB%t notably, the additive particle fornulation of the present
invention 10 provides a nore stable blood to additive concentration over

the shelf life_ of the device so that the product perfaornmance over the .
shel f - | i fthenmilled andagyedrtonmmeshnsize cf@bous il to A8  Inogagh Jubg, e mgs of
addi ti ve thafbhliRtiony WHk diayd of the present invention has 15 '
substantially inproved flow characteristics as conpared to a powder bl ended
formul ati ons of the sanme conmponents. Unlike the conventional fill

processes, thellesltibigsverepareach|evachatadefqrr dmeving 2ml of blood and sealed with a

5 closure and sterilized by gamma irradiation at 2.5 mega Rads.

EXAMPLE 2

COMPARATIVE ANALYSIS OF THE PERFORMANCE
10 OF ADDITIVE PARTICLE FORMULATION TO
COMMERCIALLY AVAILABLE ADDITIVE FORMULATIONS

The additive particle formulation prepared in Example 1 was examined in
15 13x100 mm size evacuated blood collection tubes (in both glass and plastic) with 2
mL draw. A 9 mg quantity of nominal particles were filled into each type of tube.
The control used was VACUTAINER® Brand evacuated tube (glass, 13x100 mm,
7.0 mL). 24.5 mg nominal additive amount powder mixture of sodium fluoride and
disodium EDTA was filled into each control tube.
20
Twenty (20) donors provided blood specimens wherein each donor provided
a blood spec¢imen into three (3) VACUTAINER® tubes containing blended powder
additive, three (3) plastic tubes containing additive particle formulation and three (3)
glass tubes with additive particle formulation. Therefore, sixty (60)
25 VACUTAINER® tubes containing blended powder additive, sixty (60) plastic tubes
containing additive particle (PLASTIC) and sixty (60) glass tubes containing
additive particles, (GLASS) were examined.

Immediately after draw, the tubes were mixed using 10 complete inversions.
30 The tubes were then stored. After 4 hours of storage, 20 tubes of each type were
centrifuged at 1,000 RCF for 10 (+ 2) minutes at 25°C. The plasma from each
specimen was visually assessed for hemolysis and then analyzed for glucose on the
Roche COBAS FARA® 1 (a trademark of Roche Diagnostics, Branchburg, NJ)
using the Hexokinase method. The specimens of the tubes were then remixed and
poured through an ASTM #50 wire mesh sieve (sold by Fischer Scientific, Inc.,
Orangeburg, NY) to check for blood clots. After 72 hours of storage, 20 tubes of

(V3]
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procedure 20 after filling additive. Preparation and valid EPLACED
powder bl ended fornulation is time consum ng and does not prigwt =

I nventi on does not require preparing solution, mxing povvdeq Q*H@ Hﬁ- ._gs BEEN

consistent fornulation. Furthernore, there is a substantial naterial waste
and honogeneity of the powder blend is difficult to maintain. In addition,
t he di spenS| rllg process of mlligramqquantities of powder blend may result
in indi vPRARAT t ube aliquots which may differ substantially fromthe 25
needed blend ratio. Thus preparation and control of a granul ated additive

particle f rrula lon i.s nple and efficient nd vides .a norg accurate.
and rel | GR¢ CYRSIEODTER, iﬁﬁtm %‘Kﬁ%ldaé%)a&iﬂ“ét[?% e e@ﬁgb@ﬁﬁh%@ nEé{aglé*HﬂI”é)f
Fur t her nilfeepldshed €ort visuat heinclgyigrdrdgevid addenddl tige tes ahbotieChoghd a8
30 rraklﬁg #h %\%@%’ ord| ng to the present invention. The increased
precisio P %ﬁ 3 Jlgranul ated particle additive fornmulation into the
tube enabl es | ower anpbunts of conponents to be used. Therefore, waste
duri '"53 manuf agljik4)9 tés‘?tuig Nhdicagd &Y iGSRfentEI9E tyisha ﬁ%ﬁxdl?ﬁ%' #E%he tubes
containing the particle additive formulation even after 72 hours (at room temperature
as well as 4°C). This is also indicated by lower increase in glucose values for
evaluation tubes than the control tube. The data also indicates a smaller increase in
the glucose values over the 72 hour period than the control product, indicating better
10 stability of the tubes containing the additive particle formulation. Table 1
summarizes the results of the clinical tests.

In conclusion the additive particle formulation shows an improVved

performance in hemolysis and clotting over powder blended additive formulation.

15 Also the additive particle formulation is more resistant to increase the glucose
values of the sample over time, indicating better specimen stability.

Since all evaluation tubes indicated higher initial glucose values than the

control, it can be inferred that the plastic and glass tubes containing additive

20 particles dissolves faster and hence glycolysis inhibition is better than using a glass
tube with a blended powder additive formulation.
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35 The additive particle formulation inproves coll eciion_and
anal ysis of blood by a nunber a factors: (i) a direct sarrpl | RoisONEETRHAS BEEN

L ——

nozzl e or probe of an autonmatic 6 anal yzer is |ess Ilkel to gkggAch
because the formation of fibrin in the plasma is reduced d re

i nproved anticoagul ation of the sanple; (ii) inproved addltlve fill due to
t he conS|stency of the conponents in the fill; and (iii) inproved

di ssol uti-8A%Fate of the low solubility conponent due to di spersion of the
low 5 solubility conponent, within the high solubility conponent. Thus the
met hod and additive particle formulation of the present invention inparts
to the collection devices and the sanples contai ned therein, conbined

anti coagul ati on and antiglycolysis prqpeeBUES.

Clinical Test Data on Commercially Available Product v/s Prototyped
(R.T. is Room Temperature, Glucose Measurement Method: Hexokinase)

Glucose Value

Tube Type Hemolysis Clotting 4 hr. 72 hr 72 hr (RT)
(Number of Tubes Indicating (Number of Tubes (Pop. @QCPop. °~ (Pop.
Hemolysis) Indicating Clotting) meansin means in means in

mg/dL)  mg/dL) mg/dL)
4hr 24hr 48hr 72hr T2hr 4hr 72hr 72hr "

@0 R 4°C) R
Control 0 0 0 12 10 2 2 2 92.8 93.9 101.1
Plastic ¢ 0 0 o -0 0 | 0 0 94.3 94.9 98.6
Evaluation ' '
Glass 0 0 0 0 0 0 0 0 96.9 94.3 96.7
Evaluation

This Isiiiet Iliii"Bminllfﬁaced



10 The additive particle fornulation of the present invention_has inproved

additive fill due to the consistency of the conponents of tHhj TT —The——
variation in fill of the fluoride salt and the anti coagul anti! FE%%&?@?@AS BEEN
since error is then limted to fill error and not the conbi j -’1FP

error and segregation error. Segregation 15 error is caused due to
separation of chem cal conponents .on account of their densi

si ze di f fBréd¥es -duri ng process of filling. Additionally, i [ .
fill error itself is reduced by controlling the particle mm””mm,!mﬂm
Fur t her noy. reducing, the overall variation in fill quantities o s wl
subconponmmﬁh quality by maintaining optimal ‘additive to-

blood ratios. Therefore, the 20 performance of the additive particle
formulation is reliable and consistent. The additive particle formnulation
of the present invention has the further advantage over conventi onal

addi ti ve fornulati oAs blood hadlldetionl dsixei somiprismg eal top and] eodottom| endyi &h

use of thgqghANULRAERdiA idnt!'sGiP I thidSo &8 BAESH’ A af8 flifing an exterior
and intenior surface and additive particles comprising a low solubility component
and a high solubility component wherein said particles have a mesh size from about
130 to about 350 and said high solubility component dissolves and disperses said
low solubility component into a blood specimen thereby exposing and increasing the
surface area of said low solubility component for dissolution.

2. The device of Claim 1 wherein the mesh size of said particles are from
about 130 to about 180. : N

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 anticoagulant.

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

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

7. The device of Claim 5 wherein said anticoagulant is an
ethylenediaminetetraacetate salt or a heparin salt.

8. The device of Claim 7 wherein said ethylenediaminetetraacetate salt is
ethylenediaminetetraacetate disodium or ethylenediaminetetraacetate dipotassium.

9. The device of Claim 7 wherein said heparin salt is sodium heparin or
lithium heparin or ammonium heparin.

" This Sheet Has Been Reﬂlaced
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25 data of the blood glucose val ue. Because of the multip S |
i nstrunment ati on and variations in nmethods for the measur engniHI§S
the magnitude of the effect of hemplysis on each gl ucose ptoceduREPLACED

i mportant. As such for accurate glucose neasurenents, it is Therefore—

desirable to avoid or mnimze henolysis by using the gr L b e
particl e)Q,f the present invention. Furthernore, typical Iwﬂ m‘g Iﬂ M‘mr :
f or mul atf@8€7cause henol ysis with passage of tinme after o S

and therefore the specinen is nost likely to exhibit false data of the

gl ucose val ue, by the colorinetric assay, nethod.. DESCRI PTI O\ THE DRAW NGS
35 FIG | is -perflb%&qv\l/%e wiellam .1 yheean iﬂ‘éo@&‘é‘@l"ﬁe@@ﬁ t BB Wwinglh o4
st opper .blood, comprises:

(a) about 1.0 mgs to about 10.0 mgs of a fluoride salt; and
(b) about 1.0 mgs to about 10.0 mgs of an ethylenediaminetetraacetate salt
or about 1.0 USP to about 20.0 USP of a heparin salt.

11. The device of Claim 1, wherein said blood collection device is plastic.

12.  The device of Claim 7 wherein said additive particle, per 1 ml of blood,
comprises about 1.5 mg of a fluoride salt and about 3.0 mg of an
ethylenediaminetetraacetate salt or 10.0 USP of a heparin salt.

13.  An additive particle formulation for use in blood collection tubes to
minimize glycolysis and blood coagulation with low hemolysis, comprising a
fluoride salt and an anticoagulant, having a mesh size from about 130 to about 350.

14.  The additive of Claim 13 wherein the mesh size of said particle is from
about 130 to about 180.

15. The additive of Claim 13 wherein said fluoride salt is sodium fluonde,
lithium fluoride, potassium fluoride or ammonium fluoride.

16. The additive of Claim 15 wherein said fluoride salt is sodium fluoride.

17. The additive of Claim 15 wherein said - anticoagulant is an
ethylenediaminetetraacetate salt or a heparin sait.

18.  The additive of Claim 17 wherein said ethylenediaminetetraacetate salt
is - ethylenediaminetetraacetate disodium or éthylenediaminetetraacetate
dipotasstum.

19.  The additive of Claim 17 wherein said heparin salt is sodium heparin,
lithium heparin or ammonium heparin.

. This Sheet Has Beeny laced
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7 FIG 2 is a longitudinal sectional view of the tube of Fk cen-—alopg.-
l.Line 2-2. conprising the particle additive fornul ation of {hBHBr&aTtHAS BEEN
i nvention. 5 DETAI LED DESCRI PTI ON fthe prEEEMCED

i nvention may be enbodied in other specific forms and is oY
speci fic enbodi nents described in detail which are nmerely exenplary.

Various o dlfications w Il be apparent to and readi Iuﬂm m
skilled |§1h$‘{)’ the art without departing fromthe scope an l m" IH E"
i nvention. The scope of the invention will be neasured by t he ‘appgendeds =
cl aims and t hei Ltive,pa ormul ation of the
present invent ?gn ﬁ@feﬂiﬁﬁ ‘\jcegﬁﬁ?'ilg 4> QefovWLBFﬁB?Q‘{:ﬁW&WBHem and a
high solubility conponent Conmbi ning 15 the additive conponent s toget her

I ncreases the @ssoh%mop ﬁllaetoojbotulfqol @\Pfgigwqwdﬁq/%gﬁw due to the

di spersi on of e |l ow so sol ubility
conponent . Thef®¥ or abowhé. %mg % @batibd O me e mweﬁwlgmdlatryn@@ﬁ@@ﬁ@me isalt

or about 1.0 USP to about 20.0 USP of a heparin salt.

21. A method for forming additive particles comprising the steps of:

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

(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; N

(¢) milling said particles; and.

() sieving said particles to obtain granulated particles having a size of
about 130 to about 350 mesh.

22. The method of Claim 21 wherein said forming step is spray-drying,
extruding or-granulating.

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

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

25. The method of Claim 23 wherein said anticoagulant is an
ethylenediaminetetraacetate salt or a heparin salt.

26.  The method of Claim 25 wherein said ethylenediaminetetraacetate salt
is ethylenediaminetetraacetate disodium or ethylenediaminetetraacetate dipotassium.

27. The method of Claim 25 wherein said hepann salt 1s sodium hepartn,
lithium heparin or ammonium heparin.

Sheet Has Been Reﬂlaced
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exposed as the high solubility conponent dissolves in the ﬁm
Most® preferably, the |ow solubility conponent is a fluoridf BB Shigkd HARBEEN

hi gh solubility 20 conponent is an ant’icoagul ant. Preferafply { REPEACER i de

salt is sodiumfluoride, lithiumfluoride, potassiumfluori de or anmoni um
fluoride. Most preferably, the fluoride salt is sodiu
Pr ef era*qr?yss() t he anti coagul ant is ethyl enedi am net et raa%r
a hepar The heparin salt nmay be sodi um hepari n, l’ ”m"'fm or
ammoni um heparl n. 30 Preferably, the EDTA salt m’”"’
et hyl enedi am netetraacet ate di ssodi um (EDTA-2Na) or
et hyl enedi am net et raacet at e di potassium (EDTA-2K). Preferably, the
addi tive par28cl eThermethatd ofi, Claem 25 mvhefeinh| saod add)tmm;mucle’SEper 1 ml (cd)
from abﬁ’l%todlcgrﬁﬁﬁgom 10.0 ngs of a fluoride salt; and

(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 ethylenediaminetetraacetate salt
or about 1.0 USP to about 20.0 USP of a heparin salt.

29. The method of Claim 25.wherein said particle , per 1 ml of blood,
comprises about 1.5 mg of a fluonnde salt and about 3.0 mg of
ethylenediaminetetraacetate salt or about 10.0 USP units of a heparin salt.

30. The method of Claim 29 wherein the mesh size of said particle is frdm
about 130 to about 180.

' This Sheet Has Been RTi
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8 (b) fromabout 1.0 to about 10.0 ngs of an EDTA salt or fr , :
USP unit to about 20 USP units of. a heparin salt. Mst preferlphtys skbBer HAS BEEN
additive particle fornulation conprises per 1 m. of 5 bl ood,l aboutpeki Ao

of a fluoride salt and about- 3.0 ng of an EDTA salt or 10 USP=ewrts—ot
heparin salt. Preferably the particle nmesh size of the additive fornulation
I s about J,} t o about 350 and nost preferably fromabout 130 to about 180.
10 The alth¥ve particle formulation is prepared by a nethod conprising
the. followi ng steps: (a) mxing sodiumfluoride and an EDTA salt or a

~ heparin salt; (b)

APPARATUS FOR INHIBITING GLYCO!LYSIS
IN BLOOD SAMPLES '

5 ABSTRACT OF THE DISCLOSURE

A blood collection device comprising formed additive particles. The additive
particles are an improvement over available additive formulations that are powder
10 blended in that the components of the additive particles of the present invention are
in each formed particle. The formed additive particles comprise a fluoride salt and
an ethylenediaminetetraacetate salt or a heparin salt to consistently minimize
- glycolysis and coagulation of a blood specimen with low hemolysis. -

15 -
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adding distilled water to the mixture; (c) forming the mixture into
partieles; (d) heat- drying the particles until the noisture content of the
particles is |l ess than about 0.5% 15 ‘excluding water of crystallization;
(e) mlling the particles; and (f) sieving the particles to obtain

granul ated particles having a nesh size of about 130 to about 350.
Preferably the formng step is spraying-b i ng, extruding, granulating and
the 20 |ikgqe i ning the additive conponents together increases the
dissolution1;;rz:;F-?h | ow solubility conmponents (fluoride salt) due to
the dispersion of the I'ow solubility conponent within the high solubility
conponent- (anti coagul ant). 25 Therefore, the surface area of the | ow
solubility conponent is posed and increases as the high solubility
conponent di ssolves. The a tages ¢f4 a tube with the additive particle
formul ati on of the present”i ¥ention js nore precise and uniformfill,
stabl e test values, |ower heymolysi nd

VAR S AV S AU L9 5 L AL APV
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3@ good dissolution rate of the particle into a bl ood SpegFreTs
Furthernore, the exposure of the particle to a bl ood speci rﬁﬁﬁ.ﬁmﬂiﬁm‘edHEET
A bl ood col |l ection device of the present invention can be efjither p MAR 1996
evacuat ed bl ood col |l ecti on device or a non-evacuated bl ood dﬁdtect.l.,om ..................
device. The blood 35 collection device is de5|rably made o

terepht ahl ate or pol ypropyl ene. . 9 Water i's nost preferably used as the
solvent for m'xing and formng the particle because water has m nimal
detrimental effects on product or environnnent. A variety of other

conpounds can be - formed into the particles. Such things 5 include, but .are
not limted to, polyvinypyrrolidone and carboxynethyl cel |l ul ose. Referring

to the drawings in which |ike parts throughout the several views

5 .
i
- | ' APPARATUS FOR INHIBITING GLYCOLYSIS
o "IN BLOOD SAMPLES
'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 particle formulation, wh1ch formulation has combined
20 antzglycoly31s and antroagulatlon properties.

C2 _Descr‘igtion of the Related Art

In carrying out blood collection, centrifuging and measurement of the blood .
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 collection and testing
work efficiency tends to be poor. |

2
W

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. Therefere, an
additive or reagent for inhibiting glycolysis in blood that is collected and stored for a
period of time prior to testing is needed.



- -

-thereof, FIG | shows a typi cal bl ood collection tube 10, aneng:s@sf?ﬁ@ﬂ?@ﬂgm-
end 16, ‘a closed end 18, and a stopper 14 that i.ncludes a ljoner fr}
portion or skirt 15 10 which extends into and processes a aIDé‘tSt...I..h
wal | 12 of the tube for muintaining stopper. 14 in place. F
particle of the fornulation of the present invention if a typical blood
coll ection tube. The particle additive fornmulation 20 is shown near the 15
closed end of the tube. A blood sanple-of interest can be Lraglsfeéred ||nto
tube 10 that c s_particle additive, for Iatlo The ood sanpl e
~efficiently co'%t g'éﬁ ﬁ“l (gy%blcﬂ&eﬂffe°‘?‘3l=‘ﬂh g’Gcﬂh%ﬁC & tredles
addi tive $laﬁﬂﬁ¥$k§tln&l0<2@ Sagiwhh fludrige o wesocred mtbaﬁdngiybd;l@ﬂd a&ﬂaﬁﬂag &

gl ycol ysi g laifolgtieasxie g GinbiaintieBakflatRshawt i al Iy prevented for a period of-
time. Various other nodifications w |l be apparent to and may be readily :

made by those skilled in.the art without departing fromthe scope and
spiritd of the Howeygn die anticoagulant activity of the sodium fluoride is not sufficient at

the low additive levels required for anthlycolvtlc 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 atfected by hemolysis in the plasma.

Therefore, sodium fluoride used as an antxcoagulant agent limits the subsequent
10 . method of blood sugar analysis. To remedy the shortcoming of sodium fluoride,
another component could be combined with the sodium fluoride so as to form an
additive formulation for use in blood collection devices. A low hemolytic toxicity '
type of component is desirable for the antlcoaculant since hemolysis in “the
specimen will affect the glucose values.

- 15 _ : _
Freeze drying, vacuum drying, liquid filling and powder filling are the
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

20 desirable. With drying methods, the additive formulations tend to be localized

'within the tube. Also, vacuum drying process may adversely affect the dissolution
characteristics of the additives.

- Powder filling of formulations is currently used to . produce additives, that
25 have more than two (2) components, wherein the components are dry blended
before filling into the tube. However, it is very difficult to blend and fill because the
_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
30 tube. Each component separates from the other in the dry blended powder
formulation by shock or v1brat10n As a result, the component ratio varies in each
tube.

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

(9F)
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725 The exanples are not limted to any specific enbodi ment i
but are only exenplary. EXAMPLE | .30 PREPARATI ON OF ADDI TI
FORNI ULATI.ON- A particle formul ati on 'was :prepared by dissol
sodi um fl uori de and about 100g of EDTA-2Na in about 30 ms.
water. The 35 aqueous fornulation was then fornmed and dried |nto

particles. The particles were 10 then nilled and sieved to a mesh size
of about 130 to 180. In each tube, 9 Es of

“resulting plasma sample by dilution. In addition, liquid filling is not practical
because liquid additives are subject to permeation through plastic tubes which' will
lead to drying of the additive and poor dissolution characteristics.

5 A need has therefore been identitied for solid additive formulations with
improved fill and r_educéd hemolysis properties 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
10 chemistry, blood typing, toxicology analysis and therapeutic drug monitoring. |

SUMMARY OF THE INVENTION

_ The present invention is a blood collection device with an additive

15 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 130 to about 350. -

Preferably, the fluoride salt is sodium ﬂuonde lithium fluoride, potassmm
20 . fluoride or ammonium ﬂuonde :

Preferably, the anticoagulant is ethylenediaminetetraacetate salt (EDTA) or a
heparin salt The hepann salt may be sodium heparin, lithium heparin or ammomum
~heparin.

2
W

Preferably, the EDTA salt may be éthylenediaminetetraacetate disodium-
" (EDTA-2Na) or ethylenediaminetetraacetate dipotassium (EDTA-2K).

Preferably, the additive particle formulation comprises about 1.0 mg to about -
30  10.0 mg of fluoride salt and about 1.0 mg to about 10.0 mg of EDTA or about 1.0 '
~* United States Pharmacopeia (USP) unit to about 20.0 USP units of heparin salt per
1.0 ml of blood and most preferably about 1.5 mg of fluoride salt and about 3.0 mg
‘of an EDTA or 10 USP units of heparin salts per 1.0 ml of blood.

A

The additive particle o( the present invention is formulated by 2 met.hod
compnsmg the followmg steps: -



T

.Fhe fornul ati on was placed. The tubes were each evacuated fgj
of blood and sealed with a 5 closure and sterilized by gamm
at 2.5 mega Rads. EXAMPLE 2 COVPARATI VE ANALYSI S OF THE PERH
OF ADDI Tl VE PARTI CLE FORMULATI ON TO COMVERCI ALLY AVAI LABLE ABBH :
FORMULATI ONS The additive particle formulation prepared in Exarrpl e I

-amount powder
each control

[V}

10

15

N
W

30

»d
W

like.

the mixture; (c) forming the mixture into pamcles (d) heat-drying the particles until
the moisture content of the particles is less than about 0.5% excluding water of
crystallization; (e) mﬂlmg the partxcles and (f) sieving the pamcles to obtain
particles havmg a mesh size of about 130 to about 350. '

Most preferably, the mesh size of the additive particles is about 130 to about |
180.. ' _ .

The forming step is preferably spmying-drying, extruding, granulating and the

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

dissolves, it disperses the lower solubility component, in this case the fluoride salt,

~ 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
fluoride salt and an anticoagulant, having a mesh size of about 130 to 350, can be
more easily filled intn a blood collection tube. A blood collection tube with this
particle formulation will provide the desired antiglycolysis and antlcoagulatxon
propemes to the specimen collected. with low hemolysm '

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 EDTA. In ‘the blended
powder mixtures, the density and particle sme of each component varies, causing the
ratios to change during tube filling process.

~ Such co'mmerci_ally available produets include VACUTAINER® Glass Tubes
containing a powder fill of sodium fluoride and ethylenediaminetetraacetare

was
examned in 15 13x100 nm si ze evacuat ed bl ood col |l ection tubes (in both
glass and plastic) with 2 nL draw. A 9 ng quantity of nom nal particles
were filled into each type of tube. The control ‘used was VACUTAI NER] err]
Brand evacuated tube (glass, 13x100 nm<7.0 nml). 24.5 ng noninal additive

(E] Mk #u3REL YA kPEh SR EBsk RO Gy RART AR Lk "0



bl ood specimen into three (3) VACUTALNER tubes containing blignded $
additive, three (3) plastic tubes containing additive particl et mul ati.on........
‘and three (3) glass tubes with additive particle fornmula-es:
~Therefore, sixty (60) 25 - VACUTAI NER tubes contai ni ng bl ended povvder
addi tive, sixty (60) plastic tubes contagdnl ng additive particle (PLASTIC)
and sixty (60) glass tubes containing itive particles, (GLASS) were

exam ned t S were e 0 co lete
i nversi. onglsggenq’a@?{l bgfg %ﬂ%?ﬂ@ﬁ Eqrbr ‘Wf‘e?“@%ﬁ?@‘yof setl &5t de )

t ubes of Eﬁmklm%eﬁeNé%@ﬂsey be’é’dl&@O)l 000 RCF-for 10 ([err] 2) m nutes
at 25[err]C. The plasma from each speci men was vi sual | y assessed for

herol ysi s and the R |
radenar k of o AdAfge baRer Rl §‘9§'§%°‘?"§*e S5 Iy epfﬂé Ritfana (*
net hoc® m@r%p@msllﬁmt @pntafpé withe shérebleod hspedimenx aada teere repamfedramdough
an ASTM #gbblutive ofetle addivee (paeticle bmd:tlﬁeebﬁfoﬁ%&ﬂm'eﬁl i§; fatfikated, and the

mmatlon of glVCOlYSIS and coaoulatlon of the blood spec1men is prevented

.fwenty (20) donors provided bl ood speci mnens wherein each dor{F;qrj&ﬁ @mk@@@lh&ﬁisﬂ

Most notably, the additive particle formulation of the present mventxon '
10 prowdes 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 remams
more consistent.
Additionally, the additive particle formulation of the present' invention has
15 substantially improved flow characteristics as compared to a ‘pQWder blended
formulations of the same components. -

" Unlike the conventional fill processes, the additive particle of the present
invention does not require preparing solution, mixing powder or a drying procedure
20  after filling additive. Preparation and validation of a powder blended formulation is
time consuming and does not provide consistent formulation. Furthermore, there is
a .substantial material waste and homogeneity of the powder blend is difficult to
maintain. In addition, the dispensing process of milligram quantities of powder
blend may result in individual tube aliquots which may differ substantially from the
25 needed blend ratio. Thus preparation and control of a granulated additive particle
formulation is simple and efficient and provides a more accurate and rehable means

for mh1b1tmg coagulation and glycolysns ina sample.

Furthermore, there is a cost advantage with the device and the method for

30 making the same according to the present invention. The increased precision in

providing a granulated particle additive formulation into the tube enables lower

amounts of components to be used. Therefore, waste dunng manufactunng 1S
mmlmlzed and cost reductlons are reahzed

i
L]

- The additive particle formulation impro&es collection and an_alysi's of blood by
a number a factors: (i) a direct sampling device nozzle or probe of an automatic



Gr angebur g,

t ubes of

above. Eval uation of the plasma for visual henolysis only

NY) to check for blood clots. After 72 hours of {gTQr T
each type (control, plastic and glass) were test 35]‘%5’29%9 5%

t he tubes at both 24 and 48 hours after collection. 5 | Déf nical.

testing indicated no-incidence of visual
the particle additive fornul ati on even after 72 hours (at room tenperature
as 4[err] Q).
val ues for evaluation tubes than the cofitrol tube. The data al so indicates

as wel |

mmdq 9rMAR!INE....

This is also |nd|cgted by | ower increase in glucose
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-dissolution rate of the low solubility component due to dispersion of the low

¢ to the consistency of the components in the fill; and (i) improved
solubility component, within the high solubility component.

Thus the method and additive particle formulation of the present invention

" imparts to the collection devices and the samples contained therein, combined
“anticoagulation and antiglycolysis properties.

The additive particle formulation of 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 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 varation in fill quantmes of the subcomponents improves

- -specimen quality by maintaining optimal additive to blood ratios. Therefore, the

performance of the additive particle formulation is reliable and consistent.

The additive particle formulation of the present invention has the further
advantage over conventional additive formulations in that hemolysis is minimized in
a blood sample with use of the granulated particle additive, and therefore no false
data of the blood glucose value. Because of the multiplicity of instrumentation and

- variations in methods for the measurement of glucose, the magnitude of the effect of

hemolysis on each glucose procedure is important. As such for accurate glucose
measurements, it is therefore desirable to avoid or minimize hemolysis by using the
granulated additive particle of the present invention. Furthermore, typical additive
formulations cause hemoly51s with passage of time after blood collection, and
therefore the specimen is most likely to exhibit false data of the glucose value by the
colonmetnc assay method '

'DESCRIPTION OF THE DRAWINGS

E[C. | is a perspective view of a typical blood collection tube with a stoppe}'.

henol ysis in the t ubes cont ai ni ng



.'In conclusion the additive particle fornmulation shows|g .
performance in henolysis and clotting over powder bl ended @d ?+%£?;_¥?%4rh7
formulation 15 Also the additive particle formulation is e rgs qmﬁmmxnp

i ncrease the glucose val ues of the sanple over tinme, indic ﬁQTbé te

speci men stability. Since all evaluation tubes indicated higRer initial

- glucose values than the control, -it.can be inferred:that the plastic and
gl ass tubes containing additive 20 particles dissol ves faster and hence
- glycolysis inhibition is better than @Sing a glass tube with a bl ended

- powder additive formulation. 12 TABLE |- Cinical Test Data. on

- Conmerci al |y AIG 25 2lagrudinel seafimabyisyy pédhe tube of FIG. 1 taken along line

2-2, comprising the particle additive formulation of the present invention.

5  DETAILED DESCRIPTION

The. present invention may be embodied in other specific forms and is not

~ limited to any specxﬁc embodiments described in detail which are merely exemplary.

Various other modifications will be apparent to and readily made by those skilled in

10 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
comprises a low solubility component and a high solubility component. Combining
15 the additive components together increases the dissolution rate of the low solubility
component, due to the dispersion of the low solubility component, within the high
solubility component. Therefore, the surface area of the low solubility component is
“exposed as the high solubility component dissolves in the blood spebimen. Most
preferably, the low solubility component is a fluoride salt and the high solubility
20 component is an anticoagulant. '

| Preferably;_ _thé fluoride salt is sodium fluoride, lithium fluoride, pbtassium
fluoride or ammonium fluoride. Most preferably, the fluoride salt is sodium
fluoride. ' ' :
Preferably, thé anticoagulant ié eihylenédiaminetetraacetate Salt (EDTA) or a
hepann salt. 'I'he heparin salt may be sodium heparin, lxthmm heparin or ammoniwmn

heparin.

30 Preferably, the EDTA salt may be ethylenediaminetetraacetate dissodium
(EDTA-2N,) or ethylenediaminetetraacetate dipotassium (EDTA-2K).

Preferably. the additive particle formulation, per 1 m! of blood, comprises:

L
\v ]

(a) from about 1.0 to about 10.0 mgs of a fluoride salt; and



(R T. is Room Tenperature, d ucose Measurenment Method: HexoHi ﬁ
- Val ue Tube Type ' Henol ysi s %“E‘i FP8ERT

4 hr. 72 ht 72 hr (RT) (Nunber of Tubes Indicating} Dat 1(N

of TUbe_S ( Pop. (4[err]C) Pop. (Pop Henol ysi s) | Daten. LU v
Indicating Clotting) neans in nmeans in nmeans in ng/dL) ng/ dL) T

nmg/dL) 4 hr 24 hr 48 hr 72 hr 72 hr 4 hr 72 hr 72 hr (4C) (R T)

(4C) (R T) Control 0 0 g O 12 10 o

2 92.8 .93.9 101. 1Pl astic 0 0 0 0
8 _ 8 - ® frorR about 1.Pfb 3bout 10.0 BésHf an EDTA?@aI@ oEVi?ér’daébdixn 1@ 3553

| 96. 7 Eval U§1P| lB’Ht to about(}O USP un?ts ofa hgpann salt0

Most preferably,- the additive partlcle formula'tion comprises, per l.ml of
s blood, about 1.5 mg of a fluoride salt and about 3.0 mg of an EDTA salt or 10 USP
units of a heparin salt '

Preferably the particle mesh size of the additive formulation is about 130 to
about 350 and most preferably from about 130 to about 180.
10 '
The additive particle formulation is prepared by a method comprising the.
following steps: (a) mixing sodium fluoride and an EDTA salt or a heparin salt; (b)
adding distilled water to the mixture; (c) forming the mixture into particles; (d) h&at-
~ drying the particles until the moisture content of the particles is less than about 0.5%
15 excluding water of crystallization; (¢) milling the particles; and (f) sieving the
particles to obtain granulated particles havmg a mesh size of about 130 to about
- 350. -

| Preferably the.forming step is spraying-drying, extruding, granuiating and the
20 like. | |

Combining the additive components together increases the dissolution rate of
the low solubility components (fluoride salt) due to the dispersion of the low
solubility component within the high solubility component (anticoagulant).

25  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

mventxon is more precxse and uniform fill, stable test values, lower hemolysis and

30 good dissolution rate of the particle into a blood specimen. Funhermore the
- exposure of the paﬂicle to a blood specimen is enhanced.

- A blood collectlon 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.

(93]
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.13 WHAT IS CLAIMED | S: 1. A bl ood collection device conpifsrig—a top_erd

a bottomend, a sidewall extending fromsaid top end to saldRSBk%%ﬁM5§65@ﬁ§T

'|nclud|ng an exterior and interior surface and additive pafft bcles] 194 AR 1996
conprising a | ow solubility conmponent -and a high sol ubility] Bp ONeTL h

wherein said particles have a nesh size fromabout 130 to about 350 and
said high solubility conponent di ssolvés and di sperses said |OM/SO|ubI|Ity
conponent into a bl ood specinmen thereby exposing and increasing the surface

g g?mofl \s\zl d |‘ﬁ}ut§rolsuh1dsttﬁfefe%m 9NEveH ésorthéilsémhvtfbpremx% anJhr%rﬂggto about
10, 5. PHREIREs SRR AR il RO ke B P ghkrmaren

A variety of other compounds can be formed into the particles. Such thmgs
5 include, but are not limited to, polyvinypyrrolidone and carboxymethylcellulosQ.

-Refemng to thc 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

cclosed end 18, and a stopper 14 that includes a lower annular portion or skirt 135

10 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 ifi a
typical blood collection tube. The particle addmve formulation 20 is shown near the
15 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

20 into the blood sample and glycolysis and blood coagulation is substantially
- prevented for a period of time.

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

%)
W

* The examples are not limited to any specific embodiment of the invention but
are only exemplary. '

EXAMPLE 1

PREPARATION OF ADDITIVE PARTICLE FORMULATION

: A par_ticle formulation vs)as prepared by dissolving about 50g of sodium
flucride and about 100g of EDTA-2Na in about 30 mls of distilled water. The
aqueous formulation was then formed and dried into particles. The particles were

[9P]
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.. The device of daim1 wherein said | ow solubility conj ivf:k ~EEET
fluoride salt and said high solubility conponent is an ant O%"iﬂ'u ﬁ‘g kg
The device of Claim4 wherein said fluoride salt is sodiun L,_uorl MAR 19%
l'ithiumfluoride, potassiumfluoride or amonium fluoride. {L ~The device::
of laim5 wherein said fluoride salt is sodiumfluoride. 7. The devi ce
of daim 5 wherein said anticoagulant .is an ethyl enedi ani net et raacet ate
salt or a heparin salt. 8. The devi c& of laim7 wherein said

et hyl enedi am n acetate salt is effyl enedi am netetraacetate di sodi um or
et hyl enedilémﬂi‘iﬁﬁgtaﬂ Siesest @ alimpshasza ofrbaut 1307k 18@viloeasch tabei migsvaier ei n
sai d hepahéfosmdlttion weediladadreparin or |ithium heparin -or ammoni um hepari n.

The tubes were each evacuated for drawing 2ml of blood and sealed with a
5 closure and sterilized by gamma irradiation at 2.5 mega Rads.

EXAMPLE 2

.~ COMPARATIVE ANALYSIS OF THE PERFORMANCE
0 OF ADDITIVE PARTICLE FORMULATION TO |
'~ COMMERCIALLY AVAILABLE ADDITIVE FORMULATIONS

The additive particle formulation prepared in Example 1 was examined in
15 13x100 mm size evacuated blood collection tubes (in both glass and plastic) with 2
mL draw. A 9 mg quantity of nominal particles were filled into each type of tube.
" The control used was VACUTAINER® Brand evacuated tube (glass, 13x100 mm,
7.0 mL). 24.5 mg nominal additive amount powder mixture of sodium fluoride and
- disodium EDTA was filled into each control tube. '
20
Twenty (20) donors provided blood specimens wherein each donor provided
a blood specimen into three (3) VACUTAINER® tubes containing blended powder
~ additive, three (3) plastic tubes containing additive panicle formulation and three (3)
glass tubes with additive particle formulation. ~ Therefore, sixty (60)
25 VACUTAINER® tubes containing blended powder additive, sixty (60) plastic tubes
containing additive particle (PLASTIC) and sixty (60) Olass tubes contauung‘
_ additive particles, (GLASS) were examined.

Immediately after draw, the tubes were mixed using 10 complete inversions.
30 The tubes were then stored. After 4 hours of storage, 20 tubes of each type were
centrifuged at 1 ,000 RCF for 10 (+ 2) minutes at 25°C. The plasma from each
specimen was visually assessed for hemolysis and then analyzed for glucose on the
Roche COBAS FARA:) [l (a trademark of Roche Diagnostics, Branchburg, NJ)
using the Hexokinase method The specimens of the tubes were then remixed and
poured through an ASTM #50 wire mesh sieve (sold by Fiseher Seientific. Inc..
Orangeburg, NY) to check for blood clots. After 72 hours of storage. 20 tubes of

Ll
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14 10. The device of aim 7, wherein said additive partic’ o) P
‘bl ood, conprises: (a) ‘about 1.0 ngs to about 10.0 ngs of a eﬁ(%? s*aﬁ 1"*&ET
and (b) about 1.0 ngs to about 10.0 ngs of an ethyl enedi a rlgt et r]aq MAR 1956
salt or about 1.0 USP to about 20.0 USP of a heparin salt. She" device: = |
of Claim1, wherein said blood collection device is plasti c 12.  The

devi ce of Cla|m7 wherein said additive éjl_[tlcle per | m of blood. _
conprises about 1.5 ng of a ‘fluoride salt and about 3.0 ng of an .

et hyl enedi am net etr aacat e..sal r | t |
additive p gpﬁt(?%rﬁﬁﬁ gh’B gig?ﬁgigleﬁ)e t%gocgascg??é&%dl gbe%"%@“'orﬁ{}% ze
gl ycol ysi stharrdas:xmchr visaglhempbiswprly vasmedenn allghe é@bﬁﬁr ashaig 24 mpddts de
salt and agpypebhepagidaidh. having a nesh size from about 130 to about 350.

14. The additive of Caim13 wherein the nesh size of said particle is
from '

5 Clinical testing indicated no incidence of visual hemolysis in the tubes
containing the particle additive formulation even after 72 hours (at room temperature
as well as 4°C). This is also indicated by lower increase in glucose values for
“evaluation tubes than the control tube. The data also indicates a smaller increase in
the glucose values over the 72 hour period than the control product, indicating better _

10 stability of the tubes containing the additive particle formulation. Table |
summarizes the results of the clinical tests.

In conclusion the additive particle formulation shows an improved

performance in hemolysis and clotting over powder blended additive formulation.

15 Also the additive particle formulation is more resistant to increase the glucose
values of the sample over time, indicating better specimen stability.

Since all evaluation tubes indicated higher initial glucose values than the

control, it can be inferred that the plastic and glass tubes containing additive

20 particles dissolves faster and hence glycolysis inhibition is better than using a glass
tube with a blended powder additive formulation.



‘about 130 to about 180. '15. The additive of Claim 13 where nRE@LAL fhuor sdesT
" salt is sodiumfluoride, lithiumfluoride, potassiumfluorife or Wmm
fluoride. 16. The additive of Caim15 wherein said fluori eDa@LE ,,,,,,,,,,,,,,,,,,,,,,,,,, 11
sodium fluoride. 17. The additive of Caim 15 wherein ek ]
anti coagul ant is an et hyl enedi am net etraacetate-salt or a heparin salt 18
“The additive of Caim17 wherein said gfhyl enedi am net etraacet ate salt is
ethyl enedi am net etraacet ate di sodi um— or et hyl enedi am net et r aacet at e’

di potassium 19. The additive of Claim 17 wherein said hepar| n salt.

sodi um heparin. lithiumheparin or anmmoni um hepari n.
- - TABLE |

| Clinical Test Data.on Commercially Available Product v/s Prototyped
(R.T. is Room Temperature, Glucose Measurement Method: Hexokinase)

Glucose Value

Tube Type - Hemolysis "~ Clotting ' 4 hr. 72hr 72 hr (RT)

(Number of Tubes Indicating (Number of Tubes (Pop. (4°C) Pop. {Pop.
Hemolysis) ' Indicating Clotting) meansin  meansin meitns in

mg/dLl) - mg/dL) mg/dL)
thr 24hr 48he - 72hr 7T2he dhr T2hr T2hr

_ +C) ®D - (#°0) ®RD
Control o o0 0 2 10 2 2 2. 928 939 101.1
Plastie = 0 ©0 0 0 0 6 0 0 94.3 94.9 98.6 -
Evaluation ' . . . )
Glass o 0 0 0 o o o0 0 96.9 94.3 96.7

Evaluation



,*"15 20. The additive of Claim17. per | m of blood conpr i3
1.0 ng to about 10.0 ng of a fluoride salt; and (b) - abo thgﬂd\%%?mgg

10. 0 ng of an et hyl enedi am net etraacet at e. salt or about 1|0 5{ P o
20.0 USP of a heparin salt. 21. A nmethod for forning addi
conprising the steps of (a) . preparing a mixture of a fluoride salt and an

anti coagul ant; (b) di ssolving said mxture in water W
m xture into particles; (d) heat - dryyng said. particl 0 a noi stur
content of |ess than about 0.5% excl udi-ng wat er of cry% ﬂg

: L Mhir

' (e)  WHHNRES cDi[S:es; and. (f) . sieving sai
gr anul at ed particles haV| ng a size of. about 130 to about 350 resh

. 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 additive particles comprising a low solubility component
and a high solubility component wherein said particles have a mesh size from about
130 to about 350 and said high solubility component dissolves and disperses said
low solubility component into a blood specimen thereby exposing and increasing the
surface area of said low solubility component for dissolution.

2. The device of Claim I wherein the mesh size of said pamcles are from
about 130 to about 180. -

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 anticoagulant.

3. The device of Claim 4 wherein said fluoride salt is sodium ﬂuonde
lithium ﬂuonde potassium fluoride or ammonium fluoride. '

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

7. The device of Claim 5 wherein said anticoagulant is an
ethylenediaminetetraacetate salt or a heparin salt. '

8.  The device of Claim 7 wherein said ethylenediaminetetraacetate salt is
ethylenediaminetetraacetate disodium or ethylenediaminetetraacetate dipotassium.

9. - The device of Clalm 7 wherem said heparin salt is sodium heparin or
lithium heparin or ammomum heparin.



.22

ext rudi ng or granul ating. 23. The wher e
salt is sodium fluoride, I|th|umflga’wﬂ "ﬂl mlnl Iuor| e

fluoride. - 24. The nethod of Claim?21

N Sal

The nmethod of C aim 21 wherei n—sarl—d—f—crr"rrr—r‘\g—s—f—ep—s spjamlxcagﬁmsﬂgﬂ '

@aretrn said f4uorid

fluoride. 25. The nethod of Claim 23 wherein said ant | coagul ant is
an et hyl enedi am netetraacetate salt or heparin salt. 26. The method of
Claim 25 wherein said ethyl enedi am net ett-aacet at e salt is ethyl enedi am

i net et raacet, atl@ di Shei devies ¢t bignedivadregt %ﬁaf&ﬁh@é gpa?'ﬂnﬂgt S8l um, g{hu um

The met hqﬂ ﬁ% %5 wherein said heparl n salt 1s so
heparin or an’m)n

I um heparin,
éparin.

~(a)  about 1.0 mgs to about 10.0 mgs of a fluoride salt: and :
(b)  about 1.0 mgs to about 10.0 mgs of an ethylenediaminetetraacetate salt
or about 1.0 USP to about 20.0 USP of a heparin salt.

11. - The device of Claim 1, wherein said blood collection device is plastic.

12, The device of Claim 7 wherein said additive particle, per I ml of blood.
comprises about 1.5 mg of a fluoride salt and about 3.0 mg of an
ethylenediaminetetraacetate salt or 10.0 USP of a heparin salt.

13.  An additive particle formulation for use in blood collection rubes to
minimize ﬂlycolySIS and blood coagulation with low hemolysis, comprising a
- fluonde salt and an anticoagulant, having a mesh size from about 130 to about 350.

14, The additive of Claim 13 wherein the mesh size of said particle is from
about 130 to about 180.

15, The additive of Claim 13 wherein said fluoride salt is sodium fluoride,
lithium fluoride, potassium fluoride or ammonium fluoride.

16. The additiye of Claim 15 wherein .said fluoride salt is sodium fluoride.

17. The additive of Claim 15 wherein said antlcoaoulant is an
ethylenednammetetraacetate saltora hepann salt. '

18. The additive of Claim 17 wherein said ethylenediaminetetraacetate salt
is ethylenediaminetetraacetate disodium or ethylenediaminetetraacetate
dipotassium.

19.  The additive of Claim 17 wherem said heparin salt is sodium heparm
lithium heparin or ammoniuin heparin.




1% 28.  The nethod of O aim 25 wher €l ticlg —per |_ ot

bl ood, conprises: (a) about 1.0 ng'! t mﬁ ’ f a fl{d? 'E@é‘%‘f‘ﬁﬂTSHEET
and (b) about 1.0 ng to about 10.0- m" HE'BI am ne.etraa e

salt or about 1.0 USP to about 20.0 USP al't. 2f.Patqh mm ‘
of Caim25 wherein said particle, per 1 nl of bI ood. conpri S€es abouf 5

nmg of a fluoride -salt and about 3.0 ng of ethyl enedi am netetraacetate

salt or about 10.0 USP units of a heparlg salt. 30. The nethod of C aim?29
wherein the mesh size of said particle +5 fromabout 130 to about 180.

20. The additive of Claim 17 per | ml of blood. comprising:

(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 ethylenediaminetetraacetate salt
~ orabout 1.0 USP to about 20.0 USP of a heparin salt. '

21. A method for forming additive particles comprising the steps of:

(@) preparing a mixture of a fluoride salt and an anticoagulant;
(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; =

(e) milling said particles; and. :

(f)  sieving said particles to obtain granulated particles having a size of

about 130 to about 350 mesh.

22.  The method of Claim 21 wherein sald forming step is spray-drying,
extrudmg or granulating.

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

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

25. The method of Claim 23 wherein said anticoagulant is an
ethylenediaminetetraacetate salt or a heparin salt. '

26. The method of Claim 25 wherein said ethylenediaminetetraacetate salt
is ethylenediaminetetraacetate disodium or ethylenediaminetetraacetate dipotassium.

27. - The method of Claim 25 wherein sald heparm salt is sodium heparin,
lithium heparin or ammenium heparin.
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28. The method of Claim 25 wherein said additive particle, per | 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 ethylenediaminetetraacetate salt
or about 1.0 USP to about 20.0 USP of a heparin salt.

29, The method of Claim 25 wherein said particle , per 1 ml of blood.
comprises about 1.5 mg of a fluonde salt and about 3.0 mg of
ethylenediaminetetraacetate salt or about 10.0 USP units of a hepann sait,

- 30. The method of Claim 29 wherein the mesh size of said particle is from
about 130 to about 180.
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APPARATUS FOR INHIBITING GLYCOLYSIS
IN BLOOD SAMPLES

ABSTRACT OF THE DISCLOSURE

A blood collection device comprising formed additive particles. The additive
particles are an improvement over available additive formulations that are powder
blended in that the components of the additive particles of the present invention are
in each formed particle. The formed additive particles comprise a tluoride salt and
an ethylenediaminetetraacetate salt or a heparin salt to consistently minimize

glycolysis and coagulation of a blood specimen with low hemolysis.

Figure 1 and 2



