UNI TED STATES.PATENT APPLI CATION OF: Rhyta S. Rounds FOR BLOOD COVPATI BLE,
_SHEAR SENSI Tl VE FORMULATI ONS BACKGROUND OF THE I NVENTION 1. Field of the

| aAvention This invention relates to fornulations that are bl ood conpati bl e
and shear sensitive. More particularly, such fornulations conprising a high
density, polymer in conbination with aldensity reducing conponent are
particularly useful for facilitating the separation of blood serum or
plasma fromthe cellular portion of blood. 2. Description of the Rel ated
Art Biochemcal tests carried out in a clinical |aboratory require use of
bl ood serum or plasma"as a sanple. For preparing the sanple for

exam nation, it is frequently necessary to separate the bl ood serum or

pl asma fromthe solid blood conponents. There are various types of bl ood
separating conpositions which are used to separate the bl ood conponents
fromone another. In particular, serumseparators are dispersions
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BACKGROUND OF THE INVENTION

1. Field of the Invention

A .

This invention relates to formulations that are blood compatible and shear
sensitive. More particularly, such formulations comprising a high density, polymer
in combination with a density reducing component are particularly useful for
facilitating the separation of blood serum or plasma from the cellular portion of
blood.

2. Description of the Related Art

Biochemical tests carried out in a clinical laboratory require use of blood
serum or plasma as a sample. For preparing the sample for examination, it is
frequently necessary to separate the blood serum or plasma from the solid blood
components. There are various types of blood separating compositions which are
used to separate the blood components from one another. In particular, serum
separators are dispersions consisting of hydrophobic polymers and additives to
regulate density and rheology. Typical separators contain low density polymers
such as polyesters with silica thickeners which increase the density and form the
required flow properties. The main ingredient in such compositions, is a polymer..

U.S. Patent Nos. 3,780,935, 3,920,549, 3,997,442 and 4,148,764 for
example, disclose polyester compositions that exhibit thixotropic like properties. In
particular, UJ.S. Patent No. 5,124 434 discloses a composition that also exhibits
thixotropic . properties comprising a polyester with a density of 1.01 to 1.09,
‘comprising one mole of a dicarboxylic acid member and one mole of a diol member



regul ate density and rheol ogy. ‘Typical separators contain |ow density

pol ynmers such as polyesters with silica thickeners which increase the
density and formthe required flow properties. The main ingredient in such
conpositions, is a polyner. U S. Patent Nos. 3,780,935, 3,920,549,

3,997, 442 and 4,148,764 for exanple, dis%lose polyester conpositions that
exhibit thixotropic |ike properties. In particular, U S Patent No.

5.124. 434 di scl oses a conposition that also exhibits thixotropic properties
conprising a polyester with a density of 1.01 to 1.09, conprising one nole

of a dicarboxylic_acid'nenber and one nole of a diol nenber 2 wherein
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having from 4 to about 12 carbon atoms, a third dicarboxylic acid component having
from about 5 to about 25 mole percent of an aliphatic dicarboxylic acid having about

36 carbon atoms.

Whereas there are numerous publications related to compositions useful for
facilitating the separation of blood serum of plasma from the cellular portion of
blood, there are no publications that suggest or teach polymers with a high density
combined with a density reducing component to yield blood compauble and shear
sensitive gel formulations. :

SUMMARY OF THE INVENTION

The present invention is serum/plasma separator formulations for use in blood
collection tubes, comprising (a) a hlgh density polyester and (b) a density reducing
component.

Desirably, the serum/plasma separator formulations of the present invention
may further comprise silica, titanium dioxide, a physical cross-linking agent and/or a
stabilizing agent.

Preferably, the serum/plasma separator formulations of the present invention
have a density from about 1.02 to about 1.06 and most preferably at about 1.04 at
25°C.

Preferably, the serum/plasma scparator formulations of the present invention
have a viscosity of from about 0.6 x 103 to about 3.2 x 103 Pascal seconds;
preferably from about 2.3 x 103 1o about 3.2 x 103 Pascal seconds and most
preferably at about an average of 2.7 x 103 Pascal seconds, at a shear rate of .05
sec-! at 300 seconds.

Preferably, the serunv/plasma separator formulations of the present invention
. . . f p r
are viscoelastic having a storage modulus, G' of about 5.3 x 103 to about 2.2 x 103



fromabout 5 to about 25 nole percent of an aliphatic dicarboxylic acid
havi ng about 36 carbon atons. Wereas there are numerous publications
related to conpositions useful for facilitating the separation of bl ood
serum of plasma fromthe cellular portion of blood, there are no
publications that suggest or teach poly3ers with a high density conbi ned
with a density reduci ng conponent to yield blood conpatible and shear
sensitive gel formulations. SUVMARY OF THE | NVENTI ON The present invention
is serunl pl asma separator formul ations for use in blood collection tubes,
conprising (a) a high’'density polyester and (b) a density reducing
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serunt pl asnma separator formul ations of the present invention have a density

fromabout 1.02 to about 1,06 and nost preferablty at about 1.04 at 25[err].
The polyester in the serum/plasma separator formulations preferably have a

low molecular weight and a hydroxy terminated or alkyl termination with low a
degree of functionality.

Most preferably, the polyester is liquid at room temperature, hydrophobic,
stable and nonionic.

Polyesters generally exhibit a broad distribution of physical and chemical
properties including molecular weight distribution and density. If is known that
serum and plasma can be contaminated with gel fragments following centrifugation
of donor specimen. Therefore, a desirable characteristic of the serum/plasma
separator formulations of the present invention is the use of a higher density
polyester compenent to minimize the occurrence of polyester segments in the
separated blood components. Most preferably, the serum/plasma separator of the
present invention comprise a high density polymer such as an adipate polyester and
incorporates a specific component to reduce the density of the formulation achieving
the needed specific gravity for blood serum/plasma separation.

Preferébly, the density reducing component of the formulations of the present
invention are hollow microspheres, low density polymers/copolymers or air. Most
preferably the density reducing component is hollow microspheres.

Preferably, hollow microspheres are in the formulations of the present
invention from about 0.2% to about 15% by weight and most preferably at about
6%.

Alternatively, the density reducing component may desirably be a minctal oil
gel comprising a di-block and tri-block copolymer.

The co-polymer gel may be in the formulations of the present invent:: trom
about 20% to about 50% and most preferably at about 49%.



Preferably, the seruniplasma separator fornul ations of the present

I nvention have a viscosity of fromabout 0.6 x 103 to about 3.2 x 103
Pascal seconds; preferably fromabout 2.3 x [err] to about 3.2 x 10[err]
Pascal seconds and nost preferably at about an average of 2.7 x [err]
Pascal seconds, at a shear rate of .054sec[err] at 300 seconds.
Preferably, the serum plasma separator fornul ati ons of the present

i nvention are viscoel astic having a storage nodulus, G of about 5.3 x [err]
to about 2.2x [err] 3 Pascals at a strain of about .005 and frequency of
10 radi ans/sec and nost preferably at about 3.7 x 103 Pascals. The
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Preferably, titanium dioxide may be added to the formulations of the present
invention to render the formulations opaque.

‘Preferably, a low concentration, high molecular weight rheology modifier,
such as a liquid polyoxyalkylene polyol may be added to the formulations of the
present invention because the polyol such as trimethylalpropane based polyol,
having a molecular weight of about 22,000, may substantially thicken the
formulation. The polyol preferably has a specific gravity of about 1.085 to about
1.095 at about 25°C and exhibits a viscosity of about 6000 centi-strokes at about
210°F.

The gel formulations of the present invention are particularly useful for
facilitating the separation of blood serum or plasma from the cellular portion of
blood when used in blood collection tubes. '

Attributes of the serum/plasma separator formulations of the present
inventions include: thermoversibility prope'rties_in that the separator can be heated
to a viscous liquid state that returns to gel on cooling, retaining a substantially clear
appearance and the ability to flow under shear forces involved in centrifugation.
Consequently, serum/plasma separator formulations of the present invention do not
irreversibly liquefy under certain shear forces and exhibit thixotropic-like behavior
and therefore are useful as serum separation gels in blood collection applications.

Another advantage of the serum/plasma separator formulations of the present
invention is its ability to maintain uniform physical and chemical properties -ior
extended periods of time prior to use, as well as during transportation and
processing of blood samples. Therefore, the componénts of the serum/plasma
separator formulations of the present invention will not separate under normal
storage and/or use. Furthermore, the serum/plasma separator formulations ot the
present invention are hydrophobic, inert, nonionic, and relatively impermeable.

Most notably, the gel formulations of the present invention readily toiin a
stable portion under normal centrifugation condifions and are relatively inv:: or



stabl e and nonionic. Polyesters generally exhibit a broad distribution of
physi cal and chem cal properties including nolecular weight distribution
and density. It is known that serum and plasma can be contam nated with gel
fragments follow ng centrifugation of donor speci nen. Therefore, a
desirabl e characteristic of the seruniplasna separator fornulations of the
present invention is the use of a higher density pol yester conponent to

m nimze the occurrence of polyester segnents in the separated bl ood
conponents. Mst preferably, the serum plasma separator of the present

i nvention conprise a high density polynmer such as an adi pate pol yester and
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The serum/plasma separator formulations of the present invention also are
thixotropic or exhibit thixotropic - like properties in that these formulations will flow
under stress imposed during centrifugation of blood. When used in a blood
collection tube the serum/plasma separator formulation reforms into a solid barrier
that mechanically separates solid and liquid blood components on the basis of
density when centrifugation is ceased. Since deformation of a solid barrier is
essential to blood separation that resists inadvertent mechanical remixing as might
occur during transport or storage of blood specimens the serum/plasma separator -
formulations of the present invention are acceptable for use in blood collection
applications.

Furthermore, a desirable characteristic of the serum/plasma separator
formulations of the present invention is that it is not restricted to low density
polymers. In particular, a desirable charactenstic of the serum/plasma separator
formulations of the present invention is that high density polyesters are used in the
formulation and density modification achieved with low density hollow
microspheres for the purpose of achieving higher purity specimen separation while
maintaining the needed rheological properties.

Another advantage of the polymer blends of the present invention is that they
are formed of all synthetic materials and therefore raw material variability is
reduced.

The surprising characteristic of the formulations of the present invention 1s

. that separators can be achieved with significant elastic effects, showing truc gel
behavior as characterized by chemically cross-iinked polymers. In particular, the

formiulations of the present invention exhibit linear viscoelastic prapertics. cupuble

of withstanding forces without flow and more solid-like behavior. Most notabiy 1s

the stability of the formulations of the present mvention as compared 10 the



Alternatively, the density reducing conponent may desirably be a m neral
.0il gel conprising a di-block and tri-block copolynmer. The co-pol yner gel
may be in the formul ations of the present invention [err] about 20%to
about 50% and nost preferably at about 49% 4 Preferably, silica may be
added to the formul ati ons of the presenﬁ I nvention for rheol ogy and/ or
-density nodification of the formulations. Preferably, titanium dioxide may
be added to the fornul ati ons of the present invention to render the
fornul ati ons opaque. Preferably, a |ow concentration, high nolecular weight
rheol ogy nodifier, such as a |iquid pol yoxyal kyl ene polyol nmay be added to
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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
line 2-2, comprising a gel formulation of the present invention. |

- - FIGS. 3-10 illustrate the dynamic mechanical measurements, strain

dependence of the storage modules, G', and the loss modulus, G", at a frequency of
10 rads/sec, of each sample in Table 1. .o

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
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 serum/plasma separator formulations of the present invention preferably
comprise a high density polyester and a density reducing component so as to reduce
the density of the polyester.

Preferably, the serum/plasma separator formulations of the present invention
have a viscosity at .05 secl from about 2300 Pascals seconds to about 3200
Pascals seconds and a density from about 1.02 to about 1.05. Most preferably, the
formulations have a viscosity of about 2700 Pascals seconds and a density of about
1.04.

Preferably, the serum/plasma separator formulations of the present invention

are non-hnear viscoelastic dispersions or gels.



1.095 at about 25[err] and exhibits a viscosity of about 6000 centi-strokes
at about 210[err]. The gel fornulations of the present invention are
particularly useful for facilitating the separation of blood serum or
plasma fromthe cellular portion of blood when used in blood collection
tubes. Attributes of the serum plasma Jdeparator fornulations of the present
I nventions include: thernoversibility properties in that the separator can
be heated to a viscous liquid state that returns to gel on cooling,
retaining a substantially cl ear appearance and the ability to flow under
shear forces involved' in centrifugation. Consequently, seruni plasma
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Most notably, commercially available polyester resins are synthesized from
adipic acid, resulting in resins with a specific gravity of greater than 1.08 and having
a low molecular weight. These low molecular weight resins cannot be used to
formulate serum séparator barriers without modification since the required specific
gravity required for a serum separation barrier is approximately 1.04. Therefore, the
present invention recognizes the need to form polymer blends or "dﬂispersions using
lower density hydrocarbon polymers or light density solid phase polymers or air.

Most preferably, the polyols are useful in the formulations of the present
invention include, but are not limited to linear adipate diols, branched adipates and
branched adipate isophthalate diols, having a viscosity (cps) of about 23,000 to
about 8,000 cps at about 25°C. '

The high density polyester is- preferably present in the formulations of the
present invention from about 85% to about 97% by weight and preferably at about
94% by weight.

Most preferably, the density reducing component of the present invention is a
low density component, such as oleophilic hollow microspheres. Most preferably,
the hollow microspheres are single-cell white spheres that are free flowing, have a
hydrophobic coating and an effective density of about 0.28 to about 0.10 (g/cm3).

Hollow microspheres are preferably present in the formulations of the present
invention from about 0.2% to about 13% by weight and preferably at about 6% by
weight.

Preferably, the hollow microspheres are of a size, from about 30 to abou; 160
microns and most preferably about 90 microns.



storage and/or use. Furthernore, the serum plasma separator formulations of
the present invention are hydrophobic, inert nonionic,.and relatively
i nper meabl e. Most notably, the gel formulations of the present invention
readily from a stable portion under. normal centrifugation conditions and
are relatively [err] or 5 unreactive 8 oward the substances in the bl ood
whose presence or concentration is to be determ ned. Therefore, the
serum pl asma separator formul ati ons of the present invention are bl ood
conpatible and can be readily used in blood collection applications. As
conpared to hydrocarboi silicone type oils that are typically used in bl ood
coll ection ap cati e serum pl asma sepat | ati ons of,the
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plasma from the cellular portion of blood when used in blood collection tubes.

The selection of hollow microspheres as density modifiers is because they are
relatively inert having little interaction with blood components and therapeutic drugs
and have a density of approximately one-tenth of most thermoset resins and are able
to occupy about 10 times more volume than thermoset resins, reducing actual
volume of separator composition. Surface modifications of the hollow microspheres
can also be achieved for additional requirement of rheology control of the gel
formulation. Hollow microspheres are stable in polyester formulations and exhibit
high strength preventing destruction during most process conditions and
complexation or physical association through hydrogen bonding for example may
occur between the polyesters and the spheres providing a mechanism for enhanced
stability and flow thixotropy.

Alternatively, the density reducing component may be a mineral oil gel
comprising a di-block and tri-block copolymer. Most preferably, the mineral oil gel
has a viscosity of about 20,000 cps to about 160,000 cps, at about 25°C.

An alternate embodiment of the present invention preferably comprises,
(i)  about 20% to about 50% by weight of a mineral oil gel having di-block
or tri-block copolymers; and

(i)  about 80% to about 50% by weight of a high density polyester.

An additional component that may be used in the formulations of the juosent
invention is a silica thickener. A silica thickener is a further density and/or 1h. “ogy

modifier.
An addxt'()n al component that may be used in lhe formulations oi :: ont
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col l ecti-on tube the serum pl asma separator formulation reforns into a solid
barrier that nechanically separates solid and |iquid bl ood conponents on
the basis of density when centrifugation is ceased. Since deformation of a
solid barrier is essential to blood separation that resists inadvertent
mechani cal renixing as mght occur durithg transport or storage of bl ood
speci nens the seruni pl asma separator formul ati ons of the present invention
are acceptable for use in blood collection applications. Furthernore, a
desirabl e characteristic of the seruni plasma separator fonnulations of the
present invention is that it is not restricted to | ow density polyners. In
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Referring to the drawings in which like reference characters refer to 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 presses against the inside wall 12
of the tube for maintaining stopper 14 in place.

FIG. 2 shows the use of the gel formulations of the present invention in a
typical blood collection tube. A gel formulation 20 is shown at the closed end of the
tube.

. A blood sample of interest can be transferred into tube 10 that comprises gel
formulation 20. Tube 10 is then placed in a centrifuge and subjected to centrifugal
force. This causes the gel formulation 20 to move to a point dividing the heavier
and lighter fractions of the sample.

Measurement of both complex moduli as a function of strain indicate the
strain sensitivity or deformation behavior of the gels which enable the required flow
characteristics under centrifugation. The examples that follow illustrate the
measurement of the complex moduli of the commercially available gel formulations
and the gel formulations of the present invention.

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.



The surprising characteristic of the fornulations of the present invention
IS that separators can be achieved with significant elastic effects,

showi ng the gel behavior as characterized by chem cally cross-1li nked
polynmers. In part icular the forrmulations of the present invention
exhibit |inear viscoelastic properti ed®apabl e of withstanding forces

w thout flow and nore solid-1ike behavior. Mst notably is the stability

of the formulations of the present invention as conpared to the 6
formul ations used in comercially avail able serum separator products that
are non- linear dispersions which exhibit poor stability and |ack well
defined yield stress. DESCRIPTION OF THE DRAWNGS FIG | is a perspective
view of a typical blood collection tube with a stopper. FIG 2 is a

| ongi tudi nal sectional view of thdEX@WMBEKFIG 1, taken along line 2-2,

conprising a gel formulation of .the present |nvent|on. FI GS. 3-10

HTustrate t g AP ARATION ANSANREVS DY rr FORMULATIONS

OF THE PRESENT INVENTION

Various sample formulations of the present invention were prepared in
accordance with the weight percents shown in Table 1. Each sample formulation
was prepared by mixing silica with one half of the polyester and blended under
vacuum. Following adequate dispersion, the balance of the polyester was added
with the density reducing component and when chosen, a polyol stabilizer. Mixing
was initiated under vacuum until well dispersed. All mixing was completed at room
temperature. The density of the sample formulation was then achieved at a certain
temperature. Each sample formulation is identified in Table 1.

The density of the formulations were calculated from a simple mixing rule:
2. xj(Density;) = Gel Density

where x;~= mole fraction
Density; = Component

The wiscosity of the formulations were measured using a parallel plate
geometry (25mm) with a spacing of 1.2 mm and shear rate of .05 sec-! at 25°C.
Due to the internal structure of the dispersions or gels used in the present invention
and in the present state-of-the-art, all formulations were allowed to re-equilibrate
following loading into the test geometry for a minimum of 10 minutes prior to
testing.

Oscillatory rheometry methods were used to characterize the formulations.
Oscillatory rheometry involves the application of sinusoidal strain as the
- independent variable and the resulting shear stress as the dependent variable. For
purely elastic fluids, the stress and strain are in phase; a 90° phase angle occurs for
purzly viscous fluids. Viscoelastic fluids cxhibit a phase angle dependent on the
relative proportions of viscous to elastic effects. Therefore from the phase angle
determined from those oscillatory measurements, the viscous and elastic modulus



dependence of the storage nodules, G, and the loss nodulus, G', at a
frequency of 10 rads/sec, of each sanple in Table 1. DETAI LED DESCRI PTI ON
The present invention may be enbodied in other specific forns and is not
limted to any specific enbodi ments described in detail which are nerely
exenpl ary. Various other nodifications Wlll be apparent to and readily nmade
by those skilled in the art without departing fromthe scope and spirit of
the invention. The scope of the invention will be neasured by the appended
clainms and their equival ents. The seruni pl asma separator fornul ations of
the present invention preferably conprise a high density polyester and a
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separ at figqhiendy! aDyaRwmiel mebRadtb AasuretR@its howing strain dependence of the
dynamic storage modules, G, and loss modules, G", were obtained at a frequency of
10 radians/second. These measurements show that the gels of the present invention
are differentiated from weakly structured dispersions. ' '

The dynamic mechanical behavior of each formulation i1s summarized in
graphical form in FIGS. 3-10.

Commercially available serum and/or plasma separator formtlations are non-
linear viscoelastic dispersions and the loss modulus, G', exceeds the storage
modulus, G, for formulations with strains greater than 0.005. Most notably, the
formulations of the present invention are viscoelastic dispersions wherein the loss
modulus G" does not exceed the storage modulus G' or where the storage modulus
is greater than the loss modulus as shown in the FIGURES within the strain interval
of about .001 to about .1.



are non-linear viscoelastic dispersions or gels. 7 Most preferably,
the high density polyester of the present invention are polyols, a |linear
or branched adi pate with hydroxy term nation although alkyl term nation
maybe preferable, making the polyester nore inert. Mst preferably, the

pol yesters are liquid polymers at room fl@rperature, hydrophobic, stable and
noni oni c. Most notably, commercially avail abl e pol yester resins are

synt hesi zed fromadipic acid, resulting in resins with a specific gravity
of greater than 1.08 and having a | ow nol ecul ar wei ght. These | ow nol ecul ar
wei ght resins cannot be used to formul ate serum separator barriers wthout
nodi fication since the required specific gravity required for a serum
separation barrier is approximately 1.04. Therefore, the present invention
recogni zes 'the need to form pol ynmer bl ends or dispersions using | ower
density hydrocarbon polyners or |ight density solid phase polynmers or air.

R < o =
[ — O < O©
El‘;:g S 2 —_ = S —
NIA Q —
~ 0 N
el o1 N 00 —_ O o )
Ol » A = N —_ < S S o
Z S ~ — 4
Vm ——
—_~ <t o
o0 ;ro 2 — g S o
\’/ln N - . o v—{
o~ —
¥2 03 o - =
L:Jl*;a PN ~ — o &
:/ln o~ — ~—
L
= —_— \O on.
= o0 < < o <
o] A+ » 2 & o~ S o
A ~ o~ >
—
=~
= N w —
AT o < 2 223 S 0
‘4;00 o o~ O'ﬁ'q o
fs‘; (o)) < —
e’
7~~~
o~
(] [o70] v
o~ X O ) =
o . O ~t
e o < — o< <
y —
b S =
A\o vy
=] vy O
<|e\°? 3 =) n o= M
2 X < ~ con < :
’srw A o —
- E
3
2e 3 <
= —_ = 2
S 2 N© =
S5z B =2 0
o2 v £ TE 3 3 = .
= 3 Iz . uZ®E I =z
— — Bl :/ =y o .:"'“'
= ¥ Q = &5 5 8 5% 9 o & o
e 1 = = = == 3 e = =
< ) S o o= 8= = o 3;?2 e 2 =



Most preferably, the polyols are useful in the formulations of the present

I nvention include, but are not limted to |inear adi pate diols, branched

adi pat es and branched adi pate i sophthalate diols, having a viscosity (cps)
of about 23,000 to about 8,000 cps at about 25[err]. The high density

pol yester is preferably present in the 33rnul ati ons of the present

i nvention from about ‘85%to about 97% by wei ght and preferably at about 94%
by wei ght. Most preferably, the density reduci ng conponent of the present
invention is a | ow density conmponent, such as ol eophilic_holl ow

m crospheres. Most preferably, the hollow nicrospheres are single-cellT

e SR ISR A epa gt o no, have 2 bvaronhotr SIMITR MM

a*

m crospheres are preferably present in the fornul ations.of tfie pretent *

I nvention frdm abutyviésottadtic @ilgpafsiw%mpmﬁhght and preferably at about 6%
by wei ght. Preferably, the hollow mcrospheres are of a size from about
30 to about 160 m crons and nost preferably about 90 m crons.

(a)  ahigh density polyester; and

(b) adensity reducing component to reduce the density of the polyester.

2. The formulation of Claim 1 further compnising silica, titanium dioxide,
a physical cross-linking agent or a stabilizing agent.

3.  The formulation of Claim 1 wherein the density of said formulation is
about 1.02 to about 1.06. ‘

4, The formulation of Claim 3 wherein said density is about 1.04.

5.  The formulation of Claim 1 wherein the viscosity of said formulation is
about 0.6 x 10° to about 3.2 x 10° Pascal seconds.

6. The formulation of Claim 5 wherein said viscosity is about 2.3 x 10° to
about 3.2 x 10° Pascal seconds. '

7. The formulation of Claim ! wherein the storage modulus is about-
5.3x10° to about 2.2 x 10? at a strain of about 0.005.

8.  The formulation of Claim 7 wherein the storage modulus is ubout
3.7x10? at a strain of about 0.005.

9. The formulation of Claim 1 wherein the storage modulus (G') is w cater
than the loss modulus (G") or the loss modulus (G") does not exceed the ~terage
modulus (G') within the strain interval of about 0.001 to about 0.1.

10.  The formulation of Claim | wherein said polyester is a . - or
branched adipate with hydroxy termination or alky! terminated.

11.  The formulation of Claim 10 wherein the molecular weigi. ad
polyester 1s about 1,000 to about 6,000. |



8 Hol | ow m crospheres are used in conbination with a polyester, to reduce
the density of the polyester and to enhance overall perfonnance properties
of the polyester. Such perfonnance properties include the ability to flow
under shear forces involved in centrifugation and to facilitate the
separation of blood serumor plasma frontthe cel |l ul ar portion—of—bleed-when

used in blood collection tubes. The selection of hollow m S
density nodifiers is because they are relatively inert h;uM@ﬂmiB@J”w/
interaction with bl ood conponents and therapeutic drugs an " |

of approximately one-tenth of nost thernoset resins and are able to occupy
about 10 tines nore volune than thernoset resins, reducing actual volune of

separ at or copposi H}or}‘ Suiface Podl fications. of the hall ow m crospheres can
al so be achi byved 1BF IRB8RatEREAT (daunrmdigrest spidedengly codu¢iBE eimpprcel
for mul ajsi divlldve! vralpheeshar esineisl dipbbel i comphiyRet edi-bryckul @t i enblcyRd
exhi bi t hl(ﬁh st%%n%t-h preventing destruction during nmost process conditions
and cor’r?)(?% AT 9% lrphysi cal association through hydrogen bonding for

exanpl e may
13.  The formulation of Claim 12 wherein said density reducing component
1s hollow microspheres.

14. A viscoelastic dispersion formulation comprising:

(a) from about 85% to about 97% by. weight of a high density polyester;
and .
(b) from about 0.2% to about 15% by weight of hollow microspheres.

15. The formulation of Claim 14 further comprising silica, titanium dioxide,
a physical cross-linking agent or a stabilizing agent.

16. The formulation of Claim 14 wherein the density of said formulation is
about 1.02 to about 1.06.

17. The formulation of Claim 16 wherein said density is about 1.04.

18. The formulation of Claim 14 wherein said polyester is a linear or
branched adipate with hydroxy termination or alkyl terminated.

19. The formulation of Claim 14 wherein said hollow microspheres are a
size from about 30 to about 160 microns. '

20. The formulation: of Claim 14 wherein the storage modulus (G') is
greater than the loss modulus (G") or the loss modulus (G") does not exceed the
storage modulus (G') within the strain interval of about 0.001 to about 0.1.

21, A viscoclastic dispersion formulation comprising:
(a)  from about 80% to about 50% by weight of a high density poh et
and '



occur between the polyesters and the spheres providing a mechani smfor
enhanced stability and flow thixotropy. Alternatively, the density reducing
conmponent nay be a mineral oil gel conprising a di-block and tri-block
copol ymer. Most preferably, the mneral oil gel has a VIWF’H’UO‘UT’

20,000 cps to about 160,000 cps, at abddt 25[err]. An alte
of the present invention preferably conprises, (i) abou m Wg"%
by wei ght of a mineral oil gel having di-bl ock or tri-bl o and

(i) about 80%to about 50% by wei ght of a high density pol yester. An
addi ti onal conponent that may be used in the fornul ations of the present

andror er rfofroatiariAbonh 26880 abRuf SORBynSHENT Rita ilyfhah 1 QEP4ERE Y
fornul ati ons of bjask dprimbdock oopob/n[mtsr] based

pol yoxyal kyl ene stabiliz[err] . [err] stabilizer is added:

because of its thi ckenl n abi |
' The formulation of Clalm 21 further compnsmg silica, titantum dioxide,

a physical cross-linking agent or a stabilizing agent.

23. The formulation of Claim 21 wherein said polyester is a linear or
branched adipate with hydroxy termination or alkyl terminated.

24. The formulation of Claim 21 wherein the storage modulus (G') is
greater than the loss modulus (G") or the loss modulus (G") does not exceed the
storage modulus (G') within the strain interval of about 0.001 to about 0.1.

- 25. A blood collection assembly comprising a tube having a closed and an
open end; a stopper for closing said open end of said tube and a formulation in said
tube comprising the formulation of Claim 1. -

26. A blood collection assembly comprising a tube having a closed and an
open end; a stopper for closing said open end of said tube and a formulation in said
tube comprising the formulation of Claim 14.



9 An additional conponent that may be used in the fornulations of the
present invention is titaniumdioxide. Titaniumdioxide my be added as an
opacifier. Preferably, the gel fornulations of the present invention may be
used in blood collection applications. Mst notably, in blood collection
tubes. Referring to the drawings in which like reference characters refer
to like parts throughout the several views thereof, FIG 1 shows a typical
bl ood col | ection tube 10, having an open end 16, a closed end 18 and a
stopper 14 that includes a | ower annular portion or skirt 15 which extends
into and presses against the inside wall 12 of the tube for maintaining
stopper 14 in . FI 2 shows the use of the gel formulations of the
pr esent invening i —a-gkpical bl ood col l ection tube. A gel formulation 20
e

is shown at t sed ehd of the tube. A BDood sanpl e of interest can be

transferred into tube 10 that conprises gel] formulation 20. Tube 10 is then
pl aced in a centrifuge an ubj ected to ceptrifugal force. This causes the
gel fornulation 20 to nove, 2point di ywdi ng the heavier
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and Iighter fractions of the sanple. Measurenment of both conplex noduli as
a function of strain indicate the strain sensitivity or deformation
behavi or of the gels which enable the required flow characteristics under

centrifugation. The exanples that follow illustrate the neasurenment of the
conpl ex noduli of the commercially available gel fornmulations and the gel
formul ati ons of the present invention. #arious other nodifications will be

apparent to and nmay be readily made by those skilled in the art w thout
departing fromthe scope and spirit "of the invention. The exanpl es are not
limted to any specifi'c enbodi mrent of the invention, but are only

exenpl ary. 10 EXAMPLE | PREPARATI ON AND ANALYSI S OF THE FORMULATI ONS OF
THE PRESENT | NVENTI ON . ' ‘
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Various sanple formul ati ons of the present invention were prepared in
accordance with the weight percents shown in Table 1. Each sanple
f.ormul ati on was prepared by mxing silica with one half of the polyester
and bl ended under vacuum Foll ow ng adequate di spersion, the bal ance of the
pol yester was added with the density reduci ng conponent and when chosen, a
pol yol stabilizer. Mxing was initiatedgunder vacuumuntil well dispersed.
All m xing was conpleted at roomtenperature. The density of the sanple
formul ati on was then achieved at a certain tenperature. Each sanple
formulation is identified in Table 1. The density of the formul ations were
calculated froma sinple mxing rule: [err](Density[err]) = CGel Density
where [err]= nole fraction Density[err] = Conponent The viscosity of the
formul ati ons were neasured using a parallel plate geonetry (25mpwith a

spacing of 1.2 mpand shear rate of .05 sec|[err]| at 25[err]. e O the
internal structurle of the dispersions or gels used in the preskent™invention
and in the preserjt state-of-the-art, all formulations were allpwed to
re-equilibrate fdllow ng loading into the test geonetry for a fii ni mum of 10
m nutes prior to .
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testing. Oscillatory rheonetry nethods were used to characterize the
formul ations. Oscillatory rheonetry involves the application of sinusoidal
strain as the independent variable and the resulting shear stress as the _
dependent variable. For purely elastic fluids, the stress and strain are in
phase; a 90 phase angle occurs for purely viscous fluids. Viscoelastic
fluids exhibit a phase angl e dependent gon the rel ative proportions of
viscous to elastic effects. Therefore fromthe phase angl e detennined from
those oscillatory nmeasurenents, the viscous and el astic nol dul us

conponents are obtained. The viscous nmodulus is identified as G', al so
known as the | oss nodulus and the elastic or dynam c nodulus is identified
as G, also known as the elastic storage nodul us. These noduli are
typically viewed as a function of strain to deternm ne |inear andepon-I|i near

vi scoel asticity rleginmes and as a runction of frequency. Dynamle n€chani cal
measur enents showWi ng strain dependence of the dynam c storage dliles, G,
and | oss nodul es,] G', were obtain at a frequey of [
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10 radi ans/second. These neasurenents show that the gels of the present
invention are differentiated fromweakly structured di spersions. The
dynam ¢ nechani cal behavi or -of each formulation is sunmarized in graphical
formin FIGS. 3-10. Comercially avail abl e serum and/ or plasma separ at or
formul ations are non- linear viscoelastic dispersions and the | oss nodul us,
G', exceeds the storage nodulus, G, fgor fornmulations with strains greater
than 0.005. Most notably, the formul ations of the present invention are

vi scoel astic di spersions wherein the | oss nodulus G' does not exceed the
storage nodulus G or where the storage nodulus is greater than the |oss
nmodul us as shown in the FIGURES within the strain interval of about .00 I
to about . 1. 12 [err] [err]
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T lerr] 13 WHAT IS CLAIMED | S: 1. A vi scoel astic di spersion conprising:
(a) a high density polyester; and (b) a density reduci ng conponent to
reduce the density of the polyester. 2. The forrmulation of Claim1l
“further conprising silica, titaniumdi oxide, a physical cross-I|inking agent
or a stabilizing agent. 3. The formulation of Caim1l wherein the density
of said formulation is about 1.02 to gbout 1.06. 4 . The fornul ati on of
Claim 3 wherein said density is about 1.04. 5. The forrmulation of Claim1l
wherein the viscosity of said fornulation is about 0.6 x 10[err] to about
3.2 x 10[err] Pascal- seconds. 6. The formulation of Claim5 wherein said
viscosity is about 2.3 x 10[err] to '
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about 3.2 x 10[err] Pascal seconds. 7. The formulation of Caim |
wherein the storage nodul us is about 5.3x10[err] to about 2.2 x 10[err] at
a strain of about 0.005. 8. The forrmulation of Caim?7 wherein the
storage nodul us is about 3.7x103 at a strain of about 0.005. 9. The
formulation of Caim1l wherein the storage nodulus (G ) is greater than the
| oss nodulus (G') or the l-oss nodulus (BG') does not exceed the storage '
modulus (G ) within the strain interval of about 0.001 to about 0. 1. 10.
The formulation of Claim 1 wherein said polyester is a [err] or
branched adi pate with-hydroxy term nation or alkyl termnated. 11. The
formulation of daim 10 wherein the nol ecular weight [err] polyester is

about 1,000 to about 6, 000. 14 12. The fornmulation of Caiml1l wherein
said density reducing conponent - mo
E -
__.No
E —
r.
.
. e
‘:“—o E}-’
A
e
= O
}— ™
=
|
LI L 1 |lllllj 1 e (o)
n < M -
o o o
| e |
o~
£
)
~N
c
>
o
| .

FIG-8

Gl
GI



is hollow microspheres, a mineral oil gel conprising di-block or tri-block
copolyners or air. 13. The formulation of Claim12 wherein said density
reduci ng conponent is hollow mcrospheres. 14. A viscoelastic dispersion
formul ation conprising: (a) fromabout 85%to about 97% by wei ght of a

hi gh density polyester; and (b) from about 0.2%to about 15% by wei ght of
hol | ow m crospheres. 15. The fornul atigopn of Claim 14 further conprising
silica, titaniumdioxide, a physical cross-linking agent or a stabilizing
agent. 16. The fornulation of Caim 14 wherein the density of said
formulation is about 1.02 to about 1.06. 17. The fonnulation of C aim 16
wherein said density is about 1.04. 18. The fornulation of Claim 14
wherein said polyester is a linear or branched adi pate w th hydroxy
termnation or alkyl termnated. 19. The fornulation of O aim ld wherein

said hol | ow m'crqspneres are a slze frrom abouf:ﬂolﬁ abouy” 160-m ©r ons.
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*20. The formul ation of Caim 14 wherein the storage nmodulus (Q is
greater than the loss nmodulus (G') or the loss nodulus (G') does not exceed
the storage nodulus (G ) within the strain interval of about 0.001 to about
0. 1. 21. A viscoclastic dispersion formmlation conprising: (a) from
about 80% to about 50% by wei ght of a high density polyster and 15 (b)
from about 20%to about 50% by wei ght 9of a mneral oil gel having di- block
or tri-block copolyners. 22. The forrmulation of Claim21 further
conprising silica, titaniumdioxide, a physical cross-1linking agent or a
stabilizing agent. 23. The formulation of Caim21 wherein said pol yester
is a linear or branched adi pate with hydroxy term nation or al kyl : '
termnated. 24. The formulation of C aim 21 wherein the storage nodul us

G is N
(G) — o
- O
- -
= )
4
- e
™~
-
| O
. O
- v
e
: |
rrr+ v v 1 llﬁlllll ] (@]
o o o
- - -
o |
N
£
0
~N
c
>
O
| W]

FIG-10




greater than the | oss nmodulus (G') or the 1oss nmpdulus (G") does not—exceed
the storage nodulus (G ) within.the strain interval of aboug sghoo to about N
0: 1. 25. A blood collection assenbly conprising a tube ha\ﬂm

and an open end; a stopper for closing said open end of sai
formulation in sald tube conprising the fornulation of O ai !
bl ood coll ection assenbly conprising a tube having a cl osed and an open
end; a stopper for closing said open end of said tube and a formulation in
said tube conprising the fornulation of C aim14.

BLOOD COMPATIBLE, SHEAR SENSITIVE FORMULATIONS

ABSTRACT OF THE DISCLOSURE

Formulations ixicluding a high density polyester and a density reducing
component. The formulations are useful for facilitating the separation of blood
serum or plasma from the cellular portion of blood in blood collection applications.
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