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Figure 1

(57) Abrégée/Abstract:
Sample collection tubes and methods of producing the same are provided. Contemplated collection tubes comprise a tube having
a separator substance disposed therein. In some aspects, the separator substance preferably maintains a predetermined flowability
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(57) Abrege(suite)/Abstract(continued):

during Irradiation or heat sterilization, and can subsequently polymerize upon exposure to a UV light or other suitable source. In
other aspects, the separator substance preferably includes a soft gel component (thixotropic gel), and a photocurable sealant
component that is formulated to polymerize and form a solid barrier between fractions of a liquid.
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(57) Abstract: Sample collection tubes and methods of producing the same are provided. Contemplated collection tubes comprise a
tube having a separator substance disposed therein. In some aspects, the separator substance preferably maintains a predetermined
rradiation or heat sterilization, and can subsequently polymerize upon exposure to a UV light or other suitable
source. In other aspects, the separator substance preferably includes a soft gel component (thixotropic gel), and a photocurable seal -
ant component that 1s formulated to polymerize and form a solid barrier between fractions of a liquid.
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COMPOSITE SEPARATORS FOR BLOOD COLLECTION TUBES

{0011 Tius application clams priornty o European Patend Application serial numinber

141906R0.9, filed October 28, 2014, This and all other extrinsic references are mcorporated

heremn by reference in their entivety. Where a definition or use of & term in an incorporated

reference 15 inconsistent or contrary o the definition of that tern provided herem, the defuution
of that term provided herein apphiex and the definition of that term in the reference does not
apply.

Field of the Invention

[6002] The field of the wvention 13 sample separation fechnologies.

Bacleround

[0083] Analvsis of blood samples often requires separation of whaole blood mte two or more
fractions, for exaniple, a serwm fraction and a cell-confaining fraction. I s well known m the art
that whole blood separation can be carried out through centrifugation by disposing whole bload

o a blood collection tube, placmg the tube mto a centrifuee, and spinning down the blood.

[0004] Unfortunately, once the blood separates, the fractions of the whole blood can remux

causing contannnation of the fractions through diffusion, agitation, sample extraction, or other

wndesirable interaction. Ideally. the two fractions should remain isolated to ensure no

contapunation occurs when accessing the desired fraction.

[000S] In an atfempt 1o overcome the problems discussed above, efforts have been put forth in

providing separator gels disposed 1 a bottom portion of a fube. These separator gels are mtended

to help preserve analyie stability, to decrease manual labor (pipetting to a secondary fube), and

allow for delaved processing that mav result from the need to transport specimens from draw
locations to testing faciitties. Some hunctional and performance properties of the sels typically
inchde the following: (1) the gel properties prevent flow before use to elimnate reflux potential
during blood draw; {2} the gel has a density value between cells and seruny'plasma (about 1.04

spectiic graviivy; {3) the gel 1s thixoiropic {shear thins m centrifuee under ordinarv cliueal lab

protocols); {(4) the gel hquehies and flows past biood cells and protemns during centrifugation; and

{5} the hiquelied gel re-cels at a layer between celis and serum atter cenfrifugation and adheres to
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the fube wall. Furthenmore, the components of the gel generally should not interfere with blood

conponents or assays used m the chimcal lab.

[0006] Unfortunately, known separator gels suffer from one or more direct and indirect

disadvantages, mcluding for example: interference (cerfain assays are known to be problematic);

| W 4

analvie drift due to permeabiittv, cell appuig m or on the surface of the gel; phvsical
contamination of analyzer probes or with electrophoresis gels: inaccuracies caused by re-
spinning; the need for aliquotting {with aftendant manual labor costs and the potential for
relabeling errors); mncompilete aspuration which negatively atfects standardization and results in
wastage; and storage/shipping issues such as gel dislodeing, ficeze-thaw 1ssues, and the mability

10 torenux a sample with a soit gel barner.

{60071 In an attempt to overcome sonie of the problems associated with separator gels, etfort has
been put forth m attempting to provide composifions and methods for wheie blood separation
that ensures the separafed factions of whole blood are effectively protecied agamst contanunation
due to undesirable sample mteractions. For example, Applicant has obtained several patents for

15 previous efiorts directed towards photopolyiner serun: separators and methods {e.g., U.S. Patent
Nos. 7,674,388, 7,073,758, 7,775,962, 7.971,730, 7,780,861, &,206,638, §.282,340).
Photopolymer serum separators can be advantageous in providing a sehid mterface (when the
photopolvmer gel 1s polvmerized) between cells and serum or plasma. which allows for complete
aspiration of the sample. Additionally, a fube comprnising some photopolymer separator geis

20 {betore polymerization to form a solid} can be shipped, refrigerated or frozen with repeated
freeze-thaw cveles. Still further, the tube can be nuxed without disrupting the barrier to ensure
uniform samphing of the test fraction {e.g., blood 18 not renuxed when tubes are agiiated), the
tube 18 free of soft gel matenal {after polymerization} that can clog analvzer probes or pipetie
tips, or come uiio contact with test fraction o inferfere with susceptible laboratory assay methods

25 {e.g.. electrophoresis).

[0008] Unfortunately, some known separator compositions and methods have been problematic
for various reasons, ncluding the high cost of photocurable compositions, the need to formulate
a thixotropic composition, the heat produced in exotherinic polyvimerization reactions which may

affect analytes. inability to sterilize via firadiation while maintaining Howability of the separator

b
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compositions for subsequent UV curing {e.g., afier shipruent of the stenlized composition m

sample collection fubes), and volume-dependent U'V-light exposure requirements.

6009] Thus, there 13 stil a need for mproved separation technologies.

Summary

§ 16019 The present inventive subject matter provides apparatus, compositions, systems and
methods that generallv aftempt to soive the problems described above by providme a sample
collection tube comprising: {1} a fube having a lumen. and (11} a compostte separator substance
disposed within the lumen, wherein the separator substance coniprises a gel component laver
miaterial and a photocurable sealant component laver material. More specifically, the gel

10 component laver miatental could comprise a thixotropic separator gel that 1s formulated to

become a liquud when stirred or shaken, and the photocurable sealant component laver material
could comprise a photopolviner sealant. The gel component laver matenal and the photocurable
sealant componeni iaver material could be separate lavers {e.g., before mrradiation sterilization,
betore centrifugation, before curing, after nradiation stertlization, after centrifugation, atfter

13 curmge, before and after sradiation sterilization, before and afier centrifugation, before and aiter

curing ). Additionally or alternativelv, the gel component laver material and the photocurable

sealant component laver material could comprise a mixture.

[3011] The photocurable sealant component could optionally be anti-thixotropic. Additionatly or
alternatively, the phoiocurable sealant component conld be formulated io polyvinerize withmn ten
20 mnuies to a hardness of at least 1 on the Shore 00 hardness scale when trigeered by a suitable

energv source {e.g., UV hight {arc lamps, nucrowave power bulbs, LEDs}).

(6012} There are numerous factors that can affect the cuning of the photocurable sealants and
phorocurable separator substances of the mventive subject matter. The sutable light source could
enut a lieht having an infensity of between 5-100 Wienr™, between 10-75 Wiomr™, between 15-50
25 Wiem, or any other suitable intensitv — all measured at a distance of 10 cm from the light
source. Additionally or alfernatively, the suitable energv source could produce a hisht having a
maxinnim peak at a wavelength of between 30-400nm, for example between 200-280nm
(UVC), between 280-315nm (UVR), between 315-400nm {L'VA}, or between 204-400nm.

Additionally or alternatively, the suifable energv source could emit a light with a peak nradiance

3
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arrive af the surface fo be cured with a radiant energy density of between 3-8 Jom®, for example,
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[0013] Viewed fron: another perspeciive. the photocurable sealant component could comprise g
promoter to allow polvmerization within ten nunutes to at least 1 on the Shore 00 hardness scale
when trigeered by a suitable enercv source. Additionally or alternatively, the photocurable
sealant component conid be formulated to polyvmerize within ten nunutes {o at least 19 on at least
one of the Shore A hardness scale and the Shore D bharduess scale when irigeered by a suitable
10 energy sowrce. Viewed from vet another perspective, it 13 contemplated that the photocurable
sealant component, alter polvimerization frigeered by a suitable energv source, could be a sohd

with respect to a probe.

[0014] The present mventive subject matter also provides apparatus, systenis and methods i
which a collection fube includes a separator substance that could maintam analvte levels {e.g.,
15 potasssun levels and glucose levels) withun acceptable thresholds for exiended pertods of {nne.
In one embodiment, potassium evels are stable withun 10%s of an mitzat level before
centrifugation and glucose levels are stable within 3%. Viewed from another perspective, one or
both of the gel component and the photocurable sealant conmiponent {e.g., the entire separator
substance) could be formulated io maintain a potassium level of a saniple disposed 1 the tube
20 wathim 25%, withun 13%, witlun 109, or even within 5% of an mifial potassium level for at least
four davs. It 1s also contemplatied that one or both of the gel comiponent and the photocurable
sealant component could be formmlated to mamtam a glucose level of a sample disposed 1 the
tube within 25%, withm 15%, withun 10%, or even withiun 3% of an initial potasstum level for at

least four davs, more preferably for at least frve days.

25 [8015] Additionally or altemnatively, the separator substance could advantageously be
brocompatible with whole blood. and formulated to have a density between an average density of
a serum / plasma fraction of whele blood and a cell-containing fraction of whole blood {e. g,
about 1.04 gfom’). The photocurable sealant component typically has a density that is slightly

lower than the gel component such that, upon cuning, the photocurable sealant component sifs on
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top of the gel compounent and provides a clear barnier. Additionally or alternatively, the separator

substance could be fHowable m whole blood before curing, and mmobilized after cormg forming

a solid laver sealant.

[0016] Viewed from another perspective, the inventive subject matier includes methods of
producing sample collection tubes. A contemplaied step of methods described herein could
include disposing a photocurable sealant component laver material into a fnmen of the tube. A
turther step could mciude disposing a gel separator component laver material uiio the lumen of
the tube. The aforementioned steps could be completed i any suttable order such that the gel
component could be disposed above or below the photocurable sealant component. In some
tnethods, the photocurable sealant component laver material 1s deposited before/beneath the gel
component laver material, and 1s conficured to form a solid seal laver above the cel component
laver material upon curing. In some contempiated methods, the gel component 1s first placed in a
tube, followed bv a photocurable sealant component. Upon centrifugation, the sealant component
cottld rise above the gel component to form a seal laver that acts as a bartier between the gel
component and a fraction of plasma, serun. or other sample. It should be appreciated that the gel
comnponent and the photocurable sealant component coniposes a composiie separator substance

of the mventive subject matter as described above.

[3017] Some contemplated methods could additionally comprise disposing a samiple {e.g., bipod)
uio the lunen of the tube, and centrifucme the samiple collection fube with the coniposite
separator substance and sample disposed therem. Additionally or alternatively, the sampie
coliection tube could be exposed to a UV lLight {(e.g., during or alter cenirifugation) o solidify the
photocurable sealant component. Additionally or allematively, where whole blood 1s disposed o
the tube, a method of the mventive subject miatter conld comprise separating a cell-contamnme

fraction of the wheole blood from the serum fraction (e g., by phvsically removing a fraction via a

pipette) after exposing the tube to UV Light or other suifable enercy source to imtfiate

poiyvmerization of the photocurable sealant component.

[6018] Other optionail steps of some contemplated methods mciude, among other thimgs,
stertizing a collection tube belore or after disposing a compostte separator substance therein, and

uHroducing a vacuuim uio a hunen of the tube to facilitaie the draw of a predetermuned volume

.
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of liguid. The step of sterilizing could be performed m any suifable manner, including for

example, gamma nradiation, e-beam irradiation, or sterilizing the components by exposing to
heat {e.gz. {o af least 250 degrees Celswus). The step of introducing a vacuum could be perfornned
in any suitable manner. For ex ample, an evacuation-closure device could be used 1o at least

S partially evacuate the mterior of the fube and apply a stopper to the opening of the fube.
Additional i‘}-’f or alfernativelv, a vacunm could be introduced mto the collection tube b}

decompressing the voluine of the lnmen using anv suitable pump.

[3019] It should be appreciated that a sample collection futbe of the mventive subject matter
cotld be used for fractionation of any suifable sample, including for example, whole blood.

10 Sunable separator substances are formulated to have a suifable denstty mtermediate to the
fractions of the sample being separated. Where the sample being separated 15 whole blood, for
example, the separator substance could be fornmlated to have a density befween an average
density of a serum fraction of whole bipod and a celi-contaming fraction of whele blood, and to
be flowable m whole biood. Once the separator substance separates fraciions of the sample being

15 separated, the photocurable sealant component/laver can be hardened through pelvmenzation to

prevent mixing of the separated fractions.

[6620] Other components could advantagecusly be included i a fube of the inventive subject
matter, mcluding for exanple, an anticoagulant {e.g.. where a sample comprises plasma) or a clot

activator {e.g., where a sample comprises serumn}.

20 (8021} The wveniive subject matter also provides apparatuses, comppostiions, systems and
methods of providing polymerizable compositions that are sterilizable via irradiation or
application of heat, while maintaining a predetermined flowa b}_h by s:t ective to allow
sedimnentation of the composition under a centrifugal foree to a position between a cell-depleted
phase of whole blood and a cell-enriched phase of whole blood. In some aspects, the

25 poilymenzabie composition comprises an olicomer, a photomitiator, a stabilizer and an
antioxrdant, and can be disposed within a lumen of a sample collection tube. Where the fube and
poivinerizable composifion are sieriitzed via yradiation or heat, the predeternined flowability of
the composiiion i1s preferably mamtamed 1 a manner that atlows for subsequent polymerization

of the composition via UV curing,
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[8022] Various objects, features, aspects and advantages of the inventive subject matter will
become more apparent from the followmg detailed description of preferred embodiments, along

with the accompanyving drawings 1 which like numerals represent like components.

Brief Description of The Drawing

L

[0023] Fig. 1 illustrates a tube with a gel separator, and a tube with a composite separator before

and after centrifupation and curing.

[6024] Fig. 2 idlustrates a separator tube comprising a photopolymer separator of the mventive

subiiect matter.

Detatled Description

10 [08025] The following discussion provides many example embodiments of the Inventive subject
matier. Although each embodiment represents a single conmibination of mventive elements, the
inventive subject matter 1s considered to include all possible combinations of the disclosed
elements. Thus if one embodiment comprises elements A, B, and C, and a second embodiment
comprises elements B and D, then the mventive subject miafter 18 also considered to melude other

13 remanung combinations of A, B, C, or D, even if not explicitly disclosed.

[3026] Separator subsiances of the miveniive subject matter are advantageous over exisfing

separator substances at {east for the followmne reasons:

* Ability to separate any cell trappings that may ocenr withm the gel from the upper

test fraction.

20 » Reducing the UV light iptensity and time exposure requred for completely cuning
{sohidhitving) the barrier, at least because the volume of the photocurable sealant
component required 1s reduced. For example, we have reduced the tune requured
{with the same UV light mtensity) from over a munute {o between 10-20 seconds.
This reduction has the additional benefits of decreasing the etfect of UV on hight-

25 seustiive pigments, nnprovinge work flow by decreasing processing fime, and
decreasing exothermic heat production during curmng, wluch may atffect certamn blood

components such as enzvnies.
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Allows for complefe aspiration of a sample without substantial, if anv, contamination
trom the gel component, at least becanse the solidified photocurable sealant

corpponent acts as a barrvier from the gel component.

Allows for mixing and re-miximng of a cell-Iree fraciion of whole blood to ensure

wforn: sampling.

Prevents remxing of biood that can ocowr when soft gel separators are physically

disrupted by agitaiion, for example, during shipping or nxing.

Allows for repeated freeze/thaw cveles of the tube. Freezing of serum or plasima 1s
coniion pracfice, for example, tor future testing or for comphance with certam
reguiafory requirements. Where a gel separator is used {o separate fractions of a
samyple, the fraction below the separator will typically freeze belore the gel, thereby
expanding and distorting the shape of the gel separator barnier. Smce a separator
sttbstance of the mventive subject matier mclhides a photocurable sealant component
that 1s formulated to solidify upon exposure (o a suitable energyv source, some or ait of
the problems typically associated with freezing and thawing separator tubes are

stoitficantly reduced or even ehinunated.
The photocurable layver can be mnnimnuzed m volume thereby reducing cost.

The phocurabie {aver does not nieed to be thixotropic since thixotropic soft gel 15
loaded mnfo the tube above the photocurable layver and no How will result prior o use.
This allows for sumiple compositions with less cell trappmge, and ehiminates the need
for addifives that mav contribute to degrading blood cells or mterference with lab

ANSEYS.

Decreases labor costs associated with removing serum or plasina to a secondary tube.

Decreases potential for re-iabeling ervors associated with removing serum or plasma

to a secondarv tube.
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[0027] Feasibility has been demonsirated using & photocurable sealant comprising: {1) at least
one of a monomer, and an oligomer (e.g., a combination {e.g., Ebecryl, Cytec) thereof), with (2)
a photomitiator {e.g., Additol® BDK Additol® TPO) and (3) a stabilizer {phenothiazipe}. It
shonld be appreciated that any commercially suitable photocurable sealant component can be
used. Swtable photocurable sealant components are typically at least one ot a gel {e.g.. whena
gelling agent is added {e.g.. DBS or silica}} and flowable (with whele blood) prior to
poivmerization, and can solidily when exposed to a suitable energy source (e.g., UV hight).
Examples of suitable photocurable sealants can mclude, among other things, MLA {e g,
MILIAL, MLAT {e.g.. M1L1A] and phenothiazine), MAI {e.g.., MIA1l and phenothuazine), LAl
{e.z..  L1Al and phenothuazine), and LMA {e.g., LIM1A1} Asused hereini, M = a monomer
{e.g.. M1, which 1s 8 monomer Trimethyviolpropane propoxyviate triacryiate from Sigma-Aldrich
Cat. No. 407377, L = an oligomer {e.g.. L1 = Ebecryi 230 from Allnex. previously from Cytec
Indusines, Inc.); A = a photomiiiator {e.g.. Al = Adduiel BDK); I = a stabilizer {(e.c.,
phenothiazine)}. See Table 1 below. LAl {e.g., 1.1, Al and phenothiazine} can be mciuded in
some especiaily preferred photocurable sealant components, as 1f can have the desired density

range of 1.00-1.00 g/om™.

[6028] Other examples of suitable photocurable sealants include LAIR, LAIE {e.g., L1, Al,
phenothiazine and tocopherol), and LAIER, wherem R = a gelling ageni {e.g., DBS, silica}. and
E = at least one of an antioxidant and a radical scavenger {e. g.. Vitamin E. butviated
hvdroxytoluene (BHT), butviated hydroxvanisole {BHA), carotene, bilirubin, ascorbic acid).

While R and E are zenerally not necessary, each can provide advantageous features to the

photocurable sealant. More specifically, a gelling agent 1s generally not a necessary component

of the photocurable sealant because a tluxotropic soft gel can be loaded mto the tube above the
photocurable layer such that no flow will resuit prior to nse. Nonetheless, it may be desirable to
have a thixotropic sealant, for example, where it is desirable to have the sealant disposed in the
tube on top of the sott gel component. Additionally, a radical scavenger such as compounds
haviig Vitamn E activily (e.g., tocophierol}, while not necessary, can aliow the photocurable
sealant to be sterihized via nradiation {e.g., sanuna, e-beani) without cunne {e.g., by changing
the densiiv properties), rather than requirnig heat stentlization to maintam a Howabddity effective

to allow sedimentation befween two fractions of a sample.
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ABBREVIATION NAME

Gelling Agent (e.g., DBS, silica)

Monomer

Trunethvlolpropane propoxvlate triacrvlate

Oligomer

Ebecrvl 230 from Allnex
Photomifiator
E

Stabihizer

Phenothiazine

Antioxidant / radical scavenger {e.g., Vilamin
E. BHT. BHA, carotene, bilitubm, ascorbic
acid)

Density adjuster {e.g.. Ebecryl 113 from Cytec)

TABLE 1

160291 It 15 contemplated that composite separators of the mventive subject mafter, 1 one or
both of ihe photocurabie and gel components, could mclude a polymer such as silicon o,
poivamdes, olehinic polymers. polvacrylates, polyesters and copolymers thereot, polysilanes and
poivisoprenes. Addifionally or alternatively, composiie separators could melnde a filler (e.g. .
stiica, latex, other mert material) fo adjust a density of the separator or coniponent thereot.
Addizonally or alternatively, compostte separators could include additional materials or reagents
to achueve a deswred purpose {e.¢.. EDTA (chelating agent), or hepann, cifrate, dexirose

{anticoagulants}).

[3030] Sinulariy, 1t should be appreciated that any suitable gel component can be disposed in a

tube of the mventive subject mafter. Suifable gel components mclude those that hquefv during

10
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centrifungation and re-gel thereafter, and can mclude, for example, off the shelf gels {e.g., BD

Vacutainer® SST™_ BD Vacutamer® PST™, Vacuette® blood collection tubes with gel

separators, PPR{A seruin separaior gel tubes, Polypropviene serum separator gel tubes), or any
other commercially suttable gel that i1s formulated to, upon centrifugation, be located between
two fractions of a sample {e.g., between a seruim and a blood clot, between serum and cell

containing fraction of whole blood).

[6031] Figure 1 iliusirates a control tube 100A and a tube of the mventive subject matter 100B.
Control tube 100A 15 3 sample collection tube {e.g., Vacutamer) mcluding a conumercially
available gel separator 110A. Tube 100B is a sample coliection tube mcluding a commercially
avatlable gel separator 1108, and a photocurable sealant 120. A sample of whele blood 12515
transierred info coutrol tube 100A, and another sample of whalie blood 130 1s fransferred nifo
control fube 100B. Upon cenfrifugation, gel separator 110A (mcluding some cells trapped from
the cell-enriched fraction) is positioned between a denser fraction of whole blood 125A, and a
less dense fraction of whole blood 125B m tube 100A. Gel separator 110B (ncluding some cells
trapped from the cell-enriched fraction} 1s smularly posttioned between denser and less dense

fractions of whole bloed, 130A and 130B, respectivelv.

[0032] Advaniageously the photo-sealant 120, which includes no gelling agents or thixotropy-
modifying constituents, 1s clear and free of cell trapping before and after each of centribugation
and UV curing in tube 100B. Cell trappug 1s undesirable because of analyte leach mifo the test
iraction. Cells frequently adhere to the upper laver of soft gels such as 110A and 110B as shown

i Figure 1. However, thev can be separated from the plasma by the photo-sealant 120.

[6033] The following data shows mmproved analyte stabilitv usiis a compaosite separator of the
inventive subject matier {photogel plasma separator tube) when compared fo using a soft gei

alone.

il
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[0034]

[3035] Some sampie collection tubes of the inventive subject matter can comprise a tube, plug,
and a separator substance having a gel component / laver and a photocurable sealant component /
layver disposed 1 a lumen of the fube. The collecfion tube ¢can be manufactured out of a switably
rigid material to support a vacunm within the hunen. Example matenals mclude hard plastics,
olass, or other sinular matertals. The lumen 1s preferably of suificient volume io hold a desirable
sample of whole blood or other hiquud. Tvpical voluines range from a few mi to 10mli or greater.
The plug could it sulficiently snug mio the tube to mamtain the vacoum within hamen. An
exampie of an acceptable tube that can be used to produce a collection tube of the inventive
sutbject matter mcludes the Vacutamer® specimen collection products developed by Becton,

Dickenson and Company {Franklin Lakes, NJ USA 07417}

T

[8036] The term “fube” 15 used euphemistically fo refer to vessels baving a cavity. Although a

preferred embodinent mcludes a tube, one should appreciate that other vessels having a cavity

can also be used while still fallmg within the scope of the mventive subject matier. For example,
it 15 contempiated that collection tube could be replaced with other vessels that can contam a

Ligqued or optionally support a vacuum. Alternative examples of vessels mclude flasks, jars,
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beakers, bottles, bloed collection bags, or phials. Vessels beyond mere tmbes also have utihity

when the mventive subyject matter 1s apphied to alternative markets bevond bloed collection.

[6637] In a preferred embodiment, a collection tube is produced by disposing a composite

separator withim a lumen of the tube, and infroducing a vacuum within the humen in preparation

| W 4

tor sale. B can be preferred (e g., for cost and cure inne purposes) that no more than about lmi,
or about 1 eram, of the separator substance is disposed into the lumen for a tvpical 10ml
collection tube. Additionally or alfernativelv, 1t can be preferred that no more than 50%, more
preferably no more than 23%., and even more preferably no more than 10% of the separator
substance comprises the photocurable sealant laver. If 1s contemplated that other amounts of the
10 separator substance {or laver thereof} could be used 11 some embodiments to fit a specific use
case. For example a smaller version of a tube could require iess of a separator substance, wiale a

larger version nught reguire more to make an adequate sealed barner.

[6038] In some emmbodiments, coliection fubes are sterilized to satisty the Infernational

Organtzation for Standardization {ISO) protocols before being sold. For exaniple, tubes can be
15 stertized {preferably without substantial polvmerization of the separator substance or portion

thereot) using samma radiafion (e.g.. from a Cobalt sowrce {e.g., Colbalt 60)). using e-beam

radiation {(e.g., from an e-beam generator), gas (e.g., ethylene oxide). or a heat between 100 {o

230 degrees Celsius or even more. Viewed fron: another perspective, the separator substance can

be effeciive io allow irradiation, gas. or heat stertlizafion without cunng more than 40%., more
20 preferably without curing more than 30%, and to allow subsequent polymenzation via UV or

other curing. An optional vacuum can be mtroduced, for examiple, bv sinply decompressing the

voiume of the tube’s lumen by using a suitable pump.

[0039] All switable stenihization fimes are contemplated {e.g., less than 10 nmnutes, less than 3
numtes, less than 2 munutes, between 5-120 seconds, between 5-98 seconds), where the

25 colieciion tubes {and separator substances) are e-beam stertized at dosages of between 3-23kGy,
tnore tvpieatly between 10-20 kGy. All suitable sterithization fimes are contemplated (e.g., less
than 10 nunutes, less than 5 minutes, less than 2 minutes, befween 5-120 seconds, between 3-890
seconds ), where the collection tubes (and separator substances) are gamnima stertlized at dosages

of between 5-25kGvy, more fvpically between 10-20 kGvy. i has been observed that with ganuna



A

LA

CA 02966331 2017-04-28

WO 2016/069468 PCT/US2015/057357

sterilization, weaker sources with lewer dose delivery rates were moye likely fo cure the
compound. The dose required by the ISO depends on, among other things, the bioburden of the
obiect beme steribized. The radiation tume required depends on pot only the sterhization
technique nsed, but also. for example, the bioburden of the object being sterilized, and the

radiation dose {kiGy).

{60407 It is also contetnplated that a cellection tube could be stertlized, and a sterithized separator
sitbstance could be added fo the tube. Addifronally or alternativelv, a user could add one or more
separator substances to a collection tube after purchase, as opposed to haviigs a separator

substance pre-disposed within the tube.

{00411 Where a sample {e.z.. whole bioad) 1s added to a collection tube of the miveniive subject
tnatter, cenfrifugation could separate the whole blood mto a serun fraction and a celi-contaming
fraction. When each laver {gel / photocurable sealant) of the separator subsiance has a density
that 1s infenmediate {o that of serum faction and celi-contammg fraction, if can migraie befween
the two fractions during centrifugation, thereby isolating the fractions from each other. The
separator substance can then be rapidly hardened through polymerization when triggered bv a

suttable energy sowrce to provide a solid barrier between the two fractions.

100421 As discussed above, the suitable hight source could emit a hight having an mtensity of
between 3-100 Wicm®, between 10-75 Wiem', between 15-50 W/em”, or any other suitable
mtensity. Additronally or alternatively, the suitable energy source could produce a hght having a
maximnum peak at a wavelength of between 30-400nm, for example between 200-2&0nn: (UV(),
between 280-315nm (UVB). between 3153-400nm {1LIVA}, or between 200-400mn. Additionally
or alternatively, the suttabie energy source could emit a light with a peak nradiance of between
1-10 Wiem™, for example, between .3-1 Wieny . between 1.5-2.5 Wiem”, or between .5-3.5
Wiem® .. Additionally or alternatively, the lisht produced by the suitable light source could
arrive af the surface to be cured with a radiant energy density of between 3-8 Fem”, for example,

. g

between I-5 Fenmy', or between 1-2 Jom™

[6043] One exemplary suitable hight sowrce 18 a custom light box made by Heraeus that produces
a light having a maximum peak at a wavelength of 383nm. and a peak nradiance o1 2.2 Wiom™,

This hight source was used with a power setting of 23% of maximum optical cutput power of

14
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ISW Some of the tested photocurable substances had a volume of betweeny 235-1ml | was

disposed m vacutamer tubes, and the suitable energy sources were hight emitting diodes emufting

| : PR A . e p gy s o RS | NG SRR 2 o N o 2 Y. . SRS N SRR S M S
enerey at between 380-3890 nun, with a peak uradiance of 2.2 W/ony™ . However, it should be

appreciated that one or more factors of exposure {e.g., wrradiance, wavelengths, radiant energy)

concentration, photoinitiator concentration), or different energy sources could be used, to achieve

a sumtlar cure time for smaller or larger volumes.

[3044] In some aspects of the mventive subject matter, a separator tube can be provided with {1}

both a polymenizable composition and a thuxotropic gel, as shown m Figwge 1L, or (Z) a

polvinerizable composttion alone, as shown m Figure 2. As illustrated, sample collection tube

200 comprises a polvmerizable composition 210 of the mventive subject matter {(e.g., LAIE)
disposed therem and cured atfter centrifuization to a posttion beftween a cell-depleted phase 220

and a celi-enniched phase 230 of whele bleod.

[3045] The polymerizabie composition preferably comprises at least three of the followimg
components: an ohigomer (L} {e.g., an acrylate containmng oligomer and a methacrviate
contanunge oligomer}, a photoinifiator {A), a stabilizer (I} and at least one of a radical scavenger

and an antioxidani {(E}.

[3046] The polvinerizable composition can advautageously have a compostiion effective to
atlow mradiation sterdization {e.g., gamma, e-beam) without loss of a predetermined Hlowability
{e.o., eftective to allow sedimentation of the composition under a centrifugal force to a posifion
between two phases of a sample {e.g., a celi-depleted phase and a cell-enriched phase of whole

blood)).

16047 Viewed from another perspective, the composition can be eftective to allow nradiation or
heat steriiization withoui curing the composition more than 40%, more preferably without curing

the compostiion more than 3%, and to allow subsequent polvmerization via UV or other cunng.

[3048] The subsequent polvinenization via UV curing could occur nunutes {e.g., more than 30
nuiutes), hours {e.g., more than 1 bour, more than 2 bours, more than > howss, more than 10

howrs), days {more than 1 day, more than 5 days, more than 10 davs, more than 15 davs, more
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than 20 davs, more than 25 davs). months (mmore than 1 month, more than 2 mounths, more than &

months, more than 9 months) or even years {more than 1 vear, more than 2 vears, more than 3

vears, more than 5 vears or even longer) after uradwation stenhzation occurs. In some

embodiments, the polymerizable composition can be subject to a radiation dose of between 3 and
35 kv, melusive, more preferably a radiation dose of between 10 and 30 kGy, inclusive, and
even more preferably a radiation dose of between 10 and 20 kGy, inclusive, without loss of the
flowabihity. Viewed from a ditierent perspective, the polvinerizable composition can be subjegt

to a radiation dose of less than 30 kKGy, more preferably less than 20 kGv, and even more

preferably less than 17 kGy to both (1) allow nradiation sterdization without loss of the

predeternuned fHowability, and (2) allow subsequent polymerization via UV curig.

[0049] It 1s contemplated that a photoumtiator {e.g., Azobisisobuivronifrile, Benzovl peroxide.
Camphorguinone, a phosphiune oxide photomitiator, a ketone-based photoimtiator. a benzon
ether photoinitiator} coudd be present in the polymerizable composifion m any suifable
concenfration. In some preferred embodunents, the photointfiator is present ui the compostfion m

a concentration of less than 5 wit%s, more preferably i a concentration of less than 2 wit%p, and

poivmerizable composition of the mventive subject matter conld comprise a photombubifor.

[3050] It should be noted that a radical scavenger or anfioxidant 1s not necessary m all
conternplated polyinerizable composttions. However, where mcluded {¢.g.. fo {acilitaie
mnauttaining Howability through nradiation sterilization via gamina beam or electron beani), 1t 1s
conttemplated that the at least one of the radical scavenger and the antioxadant {e.¢., tocopheroi)
can be present 1 the polvinerizable composiiion i any suitable molar concenfration. Applicant
surprisiniely found that where a radical scavenger such as tocopherel 1s mcluded, some
composifions of the mvenfive subject matter {e.g.. LAIE} will maintam Howability during
irradiation stertlization at a radiation dosage of mwore than 3KkG, while some other composifions
{e.z.. LA will not mamtam Howability under the same radiation dosage. Viewed fron: another
perspective, LAT was found to only mamtam Hlowability dunng wrradiation sterilization up to a
radiation dosage of approximately 3k(5. In some preferred embodunents, the af least one of the
radical scavenger and the anfioxidant comprises tocopherol and 1s present m the composiiion m a

inelar concentration of at least 75mM. more preferably at least 100mM, and even more

10
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preferably at least 133mM. Lower concentrations of tocopherol {e.g., less than about 75 mM) are

not preferable for varions reasons. For example, separator substances with lower tocopherol

concentrations can only maintam fowabihity at lower radiation dosages, which mayv vot allow for
cost-effective stertlization under the ISO protocol. Additionally, separator substances with lower
tocopherol concentrations tvpically reguire lower photointfiator concentrations fe.g., lessthan 1

wi%e), which generally requires a longer cure time.

[00351] Additionaily or alternativelv, the polvmernizable composition could be polvmenizable by

UV curmg {e.g., after irradiation sterthization {gamma, e-beam}} to fornm any suitable polvimer,

mciundimg for exampie, an acrviate polymer, a methacryiate polyiner, an epoxy polviner, a

polvurethane, or a thiol-ene polvmer.

[6052] Viewed fromn a different perspective, a polvinerizable composition of the mventive
sitbject matter could comprise one or more of a polymer contanung a terminal epoxy group, a
poiviner confammng a pendant epoxy group, an epoxyv-siloxane resm, an epoxy-polvurethane, an

epoxy-polyester, epichlorohvdrin, a polvhvdrie diel, a polyhivdnic polvel, a polvmer comprisie a

terrminal or pendant 1socvanate group, a polviner comprising at least two hvdroxyl groups, a

polvhvdne diol, a polvhvdric polvol, an aliphatic monomeric polvthiel, an aliphatic dithiol, an

aromafic dithiol, a polvmeric polvtinol, an acrviate, a methacryiate. an alkenvl, and a
cveloalkenyl. Where a polymernizable composition of the mventive subject matter 1s subject {o a
suttable energy source {e.g., a UV energv source), it is couteniplated that the composifion can be
cured to a hardness of at least 1 (e.2., a hardness of at least 10) on a Shore A hardaness scale over
a period of less than ten minutes, more preferablv a peniod of less thaun 3 nunutes, more
preferably a period of less than 60 seconds. and even more preferably, a penod of iess than 20
seconds. Viewed from another perspective, it 15 contempiated that the composition can be cured
to a hardness of at least 1 {e.g.. a bardness of at least 10) on the Shore 00 hardness scale within at
least 10 nunutes, more preferably a period of less than 5 minutes, more preferably a period of
less than 60 seconds, and even morve preferably, a pertod of iess than 20 seconds. Viewed from
vet another perspective, it 15 contemplated that the composiiton ¢an be cured to a hardness of at
least | {e.g.. a bardness of atf least 10) on a Shore D hardness scale over a period of less than ten
mninutes, more preferably a period of less than 5 minutes, more preferably a pertod of {ess than

60 seconds, and even more preferably, a period of less than 20 seconds.

17
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{09'53}2; Experiments

[0654] Various candidate compositions vartably comprising an oligonier or a8 mounomer {or

were tested to determine, among other things, whether a predetermined flowability could be

‘mamtamed durime pradiation {e-beam or camina) sterilization at various radiation dosages and

for various time periods. More specifically, the compositions were tested with respect to the
following:

a. Fnal Density — tested by pvenometry and performance m whole blood dunng
centrifugation. The hmal density of some preterred composifions were between
§.04-1.08 glom’.

b. Interference with lab tests - fesied by comparme resulis to those obtained i blood
collected m BD tubes. No mterference was miferred when the means of the
measureinents were within assay CVs. The iab test companson mcluded the
whole process of using the separator i the centrifuge and curing with UV,
Mononmers and olisomers were also tested with respect {o leaviig the blood m
contact with the cure photopolymer for up fo 8 days looking for delaved
inferference.

. Comprehensive metabolic papel (sodmmni, potassium. chionde, CO2,
creatimne, bilirubin (divect and total}, total protemn, AST, ALT, alkaline
phosphatase, glucose, urea nirogen, albunun)

i1. Impwuncassayvs {PSA, testosterone, estradiol, TSH, thyroxme (free T4},
fernitin, sensifive CRP)
111.  Electrophoresis {serum protein electrophoresis and mmnmnofixation
{fraction quantitation (5 iractious), paraprotem wdeniification), hpid panels

by electrophoresis}

tv. Lipids (fofal cholesterol, LDL-¢c, HDL-¢c, VLDL-c, Lp{a). friglycerides)

v. Molecular tests (DNA (bral), exosome RNA (HBB, ACTB, DEFA3S),
GAPDH, ITGA2B))

vi. Therapeutic drug montforing {amikacm, primadone, idocaine, caitemne,

acetanunophen, NAP, procamamde)
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vit. Platelet. red cell and white cell counts Gwith differentrals) in plasma,
mchuding platelet aggregation fo ristocetin, collagen, and ADP,

Less mterference was observed with one or more of 1-vii above when the amount

'y
4

of photopolymer or gel separator was reduced. The components of either have the
potential for interference. When a specific analyte is interfered with by the gel
component, that component can be reduced. When a specific analyte is iterfered
with by the photopolviner component. that component can be reduced.

d. Hemoiysis — measured by mndex on anfomated analyzers. visual assessment and
elevate potassium fevels.

e. Cure fimes with UV lamps {arc lamps, nucrowave power buibs, LEDs)

1. Increasmg antioxidant concentration bevond {for example over S00mbM
tocopherol) adverselv atiects cure times {prolongs). Increasing the
photoitiator concentration bevond approximately 3% fo otfset this effect
adverselv atfected the fanction of the antioxidant m preserving the
compound through stertlizing uradiation.

{. Heat production when cured.

G

Shrimkage when cured.
. Abihity to be stenilized by heat or yradiation {ebeam and gamma at varnous doses
and dose delrvery schema).
1. For heat sterilization, no anftoxidanix were 1‘-&’::}11&&‘@61 and several
combinafions of L and M satisfy the other performance requirements.

i1. For stertlization by wrradiation, a given composition 13 more hikely to work

if the dose is delivered quickly (for example by ebeam rather than by
TANMNA Y.

1. LAIT can be sterilized with up to 3 kGv without an antioxidant.

[3055] The nmionomers tesied {some 11 combinafion for density adjustment) mcluded M1, 1.6
hexanediol ethoxvylate diacryvtale, Polv{ethyviene givcol) methyl ether methacrvlate. Poly{ethviene
clveol) diacrylate (Cat. No. 437441}, Polviethvlene glvcol) diacrviate (Cat. No. 4756293,
Trmmethvielpropane propoxvlate triacrviate, and 1.6-Hexanediol ethoxviate diacrylate {Cat. No.
4971343, Of the monomers tested, M1 worked best. Unfortunatelv, composttions mcluding one

or more ponomers {e.g.. M1} resulied m shrinkage after curing and were therefore not

19
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constdered optimal for use in sealant compositions. However, it 1s contemplated that the
compostitons could be modified, for example, to address the cure rate and temperature produced

fo prevent or reduce shrinkage.

[0036] The olicomers tested were all in the Ebecrvl series, and mcluded L1-L10 {various

| W 4

oligoimers obiamed from Cvtec). Of the cligomersfesied, L1, L2, L6, L8, L9 and L10 were betier
sutted for maintaining flowability compared to L3-L5 and L7, L1 performed the best with
respect to, for exampie, less heat generation during curme, less shrinkage (1f anv), density,
viscosiy, less bubbie trappme. and less mterference exlubited usme standard serum tests, and the
other oligomers were abandoned for fadinge {o meet the criferia. LS and LY resulied 1 greater

10 mterference with enzyimes than L1, while 110 resulted 1 visible inferaction with cured

materiais. The plasma visibly dissecied mito the top laver of the barmer.

(60571 Although L1 had the best overall performance of the oligomers fesied 1 the Ebecryl
series, it should be appreciated that several oligomers were able to maintamn flowability during
irraciation stertization. It should also be appreciated that adyustment, for exampie, to a radiation
15 dosage, sieriiization tinie, or concentration of a constituent of the photocurable substances could
be made by a person having ordinary skill m the art to allow various other oligomers to be
inchided m a separator subsiances formulated to mamiam fowability duning uradiation

steriization

{30581 The photomstiators tested m 1 wit% concentration m M1, mcluded

20 {Arobisisobutviontinie): 254 nimn; Benrophenone: 254 nm; 4-{Dimethylanuno jbenzophenone:
3536 nm; 4. 4°-Bis{dmmethvlanuno ybenzophenone: 370 nm; 4 4'-Bis{diethvianunobenzophenone;
379 nm; and Al 365nm. The wavelenstl: of photointtator was chosen by transpussion through
PET tubes that would be used. Al was found to have superior performance, asing criferia
mchuding, compatibility with blood. cure tunes, heat generation, and miscibility with oligomers
25 and monomers. Some of the other photomitiaiors could be used, for example, with a ereater cure

tinie or a different Light sourge.

160591 Al was tested i vanous concenfrations i L1 (between 3-8 wit%e. mclusive}. 1% = 5%
was found o be optimum where antioxidant{s} were present. However, the conceniration of Al

could be mcreased up to approximately 3% without adversely atfecting the function of vifamin

20
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E. Additel TPO, which has a longer wavelength absorption to maich selected UV sources, was
also tested in various concentrations in L1, When Additel TPO was tested in 1% concentration
with L1, I and vitamin E tn 200-300mM concentration, the cure time was somewhat befter than
when Al was tested in 1% concentfration with L1, 11 and vitamin E in 200-300mA

concentration. Furthermore, no imterferefice was seeh USIng a comprehensive metabolic panel.

[6060] The stabilizer tested 15 Phenothiazine i1 0.1 wi% concentration. Thus stabilizer was
present 1 all samples. However, 1t 1s contemplated that anyv suitable stabilizer at anv suitable
concentrafion could be used, mchuding for example, sutable stabilizers that would work m an

evacuated {low ;) atinosphere.

{8061 The anfioxidants tested included alpha-tocopherol — 2mM-500nmiM, carotene, bilirubin,
BHT, BHA, temipo, and 4-OH-tempo. While tocopherol, tenipo and 4-OH-tempo each
matntained flowability during sradiation m dosages above 15 kGy {carotene, bilirubin, BHT and
BHA failed). Tempo and 4-OH-{empo caused hemolysis and lab mterference. Tempo, however,
was able {0 mamtam flowabihity during uradiation m dosages of up to 37 kGGv, and no heat step

was required. Tocopherol was found fo have the best performance.

[8062] The density adyusters tested mchnded Ebecryl 113 from CYTEC. A physical gel
tormudation denoted LARID {1} = Ebecryl 113 fron Cytec} was tested and showa to have a good
cure inne and hittle or no miterterence with most Iab tests. LARID comprises:

a. 30% I=EBECRYL 230 and 76% D
b. wherem:
. 1% {of L+D} Al {(Adduel BDK};
1. 8.19% {of L+D) R, huned silica R (AERGSIL R8G5 from Degussay;
and
it. 0.1% (of L+D) I (Phenothiazine from Sizna).
16063} The LARID formulation was found to be non-stertlizable by iradiation {(whaile

mamtaiming fowability) because no antioxidant was present.

[6064] The celling agents tesied mciuded fumed silica and DBS {1.3:2.4-dibenzyvhidene sorbitol}
and cosobvent NMP (N-Methvipyrrolidone}. DBS pertormed worse than sihica m terms of

\NMP

stertlization by nrradiation while maintanune flowability, With 0.6% DBS and 1.8%

the L1A1IL system gels. It 15 shear thumung and has a density lower than a BD gel. The
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UV caring ime was about the same as LIATHRI and the cured gel was able to survive one

round with a hguid nifrogen-hot water test, which means the cured gel could survive many

rounds of {reeze-thaw cveles.

[0065] Examples

LN

[0066] The following expertmental data s provided to exemplanily iHlustrate various aspects of

the mventive subject matter presented herein. More specifically, the data illusirates the surprising

effects of tocopherol and Additol BDXK at specified concentrations m mamtammg flowabdify of

a composifion (to allow for sedimentation between two phases of wheole blood upon

centrifugation} after wradiation sterihzation at specified radiation dosages. As shown,

10 composttions comprising an oligomer {EBECRYL 230}, a photommtiator, Addifel BDK, m a
concentration of less than 2 wit%., and a radical scavenser {tocopherol, 1 a concentration of at
least 75 mM ) surpnisingly mamtamed flowabihity after sradiation stenthization {gamma or e-
beam} at a dosage of less than 20 KGy. Where lower concentrations of tocopherol or
phofoinitiator were present, radiation protocols could be modified {e.g., to requure a higher dose

15 rate {e-beam), post-sterilization heat, and lower dosages {(k(Gy}. longer cure times). Where
amounts lower than about 60 mM tocopherel were present. it was generally observed that the
total dose deliverable was jlower, makuig the sterihization protocols not feasible. In contrast,
compostiions lacking a radical scavenger and compositions having a photonutiator concentration
of greater than 3 witle {e.g., greater than 5wi%h) were unable {o mamiam Howability after

20 wradiation sterilization.

Composition | Toco- Sterili- | Posi- | Passg
pherol Zation Sterihh | {manifain
Cone. ‘ Method | zation | Howabiit
(i) Heat | v)orFail

L1ALEL- ' -5 Ganuna | None | Fail
DBS

(L1AIIL = {Failed
Ebecryi 234, Worse
Additol with
BDK. moreased
shenothiazin DBS)

{DBS =
dibenzvhden

.y
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e sorbitol} ,
LIAIL | © | 1 17 | e-beam
| LIATL | ] i | 15 | Gamma
| L1A1T] | Ganuna
' 40 ' 16 e-heam
LAIE 3.1-2.0 | | Ganyma
{Ebecrvl

230, Additol

phenothiazin

<,

tocopherol)

o-heant

e-Deam
&0 mn

e-Dream

e-Deam

60-70
.
&0 nun
60-70
C

66 i

iy <]
minufe
Typica
y <0 1
minute

{38118

e-beam

e-beam Tvpica
iy < 1
nunie

e-beam | 70C Tvpica

60 mmn hy <1

ininnie

g-heant

Ot

(zanmina

g-bheam | None
o-heanmt | None

e-heanl b : F.
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‘ mimnue |
LAIE

e-beam | 70C 4SS | Typica |
or 60 min Hy <2
(raimna minute
E
| e-beam [ 70C Pass Typica |
OF 680 min by <C 2
(ramina minute
S

g-bheam | None
Or
{rarmna

130671 As tllustrated heremn, a technical effect of some aspects of the mventive subject matfer 1s
that focopherol included 1n a sealant composition 1 a suitable conceniration range {(e.g.. between

5 — 200 mM, between 75-13GmM, between 100-150mM, between 106-230mM, between 125-

J"

350mM) can both (1) scavenge or mferfere with radicals produced duning uradiation {e.g., e-
beam or sanuna) sterthization, and {2} not scavenge or mterfere with radicals produced dunng
UV mduced polymernization. Viewed from a different perspective, tocopherol must be present m
an amownt that 15 effective {o prevent rmunaway polymerization when radicals are produced dunng
e-beam or gamma sterthization, but not effective to prevent polymenzation i the presence of UV

or other sutable sowrce of energy.

[3068] In some embodiments of the miveniive subject matter, two types of radical scavengers are
inciuded 1 a separator composiiion. A first radical scavenger {e.g., E} can be sensitive o
radicais that friccer polymerization that are produced by ebeam or ganuna wradiation. A second
radical scavenger {e.g.. I} can be sensitive to radicals that tnigger polvmenization that are
produced by a photomitiator. Therefore. while not wishing {o be bound by any particular theory
or {imut the scope of the mventive subject matter, a technical effect of some aspects of the
mvenirve sabject matter 1s that E {e.g., tocopherol) can be used {0 maunain a proper balance

between A {photomutator) and I (stabilizer) required for hardening of L (oligomer) 11 the

presence of wradiation mauced formation of radicals. In other words, if there was an mcrease 1 1

i1 an amount appropriate fo scavenge radicals during nradiafion stertlization {above 3kG), the 1

i1 the compostion would overwhelm A, and the composition would not cure upon exposure 1o a

24
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UV energy source. Composttions of the inventive subject matter conld comprise 1 in a lower
amount that allows for curing / hardening of the composition upon exposure to a UV energy
source because of the presence of BE. Viewed fromn another perspective, the E can be considered a

sacrificial antioxidant that can be dispensed with, and that does not mterfere with a

A

polvmernization reaction mduced by A.

[6069] While not wishing to be bound by any particular theory, it is also contemplated that in
some embodiments, a stabilizer I may notf be necessary to allow for nradiation sterthization and
separate UV curmg. Experiments have shown that LAT does not mamtamm Howability when
stertized via sradiation. However, 1t 1s contemplated that an LAE composition can mamtam

16 iflowability dunng wradiation stendization to allow for subsequent UV curmg when E 15 mcluded
i a concenfration that is not effective to consume radicals generated bv A, but effective o

constine radicals generated chrimge nradiation stertlization.

[6070] While the above data is based onn L bemng L1, 1t should be appreciated that other
phgomers {e.g.. an acryiate contamng oligomer and a methacrviate contaming ohisomer) are

15 expected to work m place of L1 because of their snanilar chenucal makeup and use m free radical
polvinenization. Sunilarly, while the above data 1s based on A bempg Al {Additel BDK), other
photoimtiators are expected to work i place of Al {e.g.. a phosphine oxide photoimitiator, a
ketone-based photoinitiator, and a benzom ether phofomiiiator} because of thewr ability to decompose

mnto free radicals when exposed o light, and ability to promote polymernization reactions.

26 [0071] Additionally or aliernatively, other stabilizers could be used in place of phenothiazine {e.g.,
hydroguinone.} as thev would be expected to sinularly prolong storage and shelf life of the
compostition. Other radical scavengers are also expected to work i place of tocopherol;
however, other radical scavengers tested (e.g., BHA, BHT. carotene, ascorbic acid, bilpubm,
oallic acid, and tempo mitroxide} were shown to mterfere with some lab tests. Nonetheless, these

25 scavengers can be used if the types of fests used are limited fo specific chinscal iaboratory tests.
For example, certam anfioxidants were found o mnterfere with the measurement of some

mmnunoassavs but not with molecular testing.

[6072] Based on the miormation provided herem. if 1s contenmiplated that a person skalied n the

art would be abie to adyust radiation or other parameters such that flowability of a separator
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substance having different constifuents and concentrations thereof could be maintamned during
uradiation stertization, and such that the substance could subsegnently be UV enred. For
example, the PHOSITA should appreciaie that a grven compostiion 15 more hikely o mamiaim

flowabihity during irradiation sterifization where the dose 1s delivered quuickdy {e g, e-beam vs.

A

camma}. Additiopally, the PHOSITA should appreciate that increasmng antioxidant concentration
(e.g., above 300 m) prolongs cure times, and that mcreasmg photomttiator conceniration o offset
this efiect {e.g., above 3%} adversely aflects the function of the antioxidant 1 preserving the

separator substance through sterithization radiation.

[B073] Unless the context dictates the contrary, all ranges set {forth herem should be miferpreted

10 as bemg melusive of thewr endpoits and open-ended ranges should be mterpreted to include ondy
commerciallv practical values. Smulartv, all hists of values should be considered as mclusive of
mtermediate values unless the context mdicates the contrary. Al methods described herem can
be performed 1 any swifable order unless otherwise indicated herem or otherwise clearty
confradicted by contexi. The use of any and all examples, or exemplary language {e.g. “such

15 as”) provided with respect to certamn embodiments herein 13 mtended nierely to better tiluminate
the mvention and does not pose a limitation on the scope of the mveniion otherwise clainied. No
language m the specification should be construed as indicating any non-clammed element

gsseritial to the practice of the wmveniion.

[B074] As used m the description herew and throughout the claims that follow. the meanmg of
20 “a,” “an.” and “the” mclndes plural reference unless the context clearly dictates otherwise. Also,
as used in the descripiion herewn, the meanmne of “in” mcludes "™ and “on” unless the context

ciearly dictates otherwise.

[3075] Groupings of alternative elemenis or embodimenis of the mvention disclosed herein are
not to be construed as lunitations. Each group member ¢an be referred to and claimed
25 mdividually or 1 any combination with other membess of the group or ofher elements found

heremn. One or more members of 8 group ¢an be mchaded 1n, or deleted from, a group for reasons

spectiteation is beremn deemed o contamn the group as modified thus fulfithine the written

description of all Markush groups used in the appended claims.
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[0076] It should be apparent to those skilled in the art that many more modifications besides

those already described are possible without departing from the mventive concepts heremn. The

=, r

claims. Moreover. i mterpreting both the specification and the clamms, all terms should be
anterpreted m the broadest possible manner consistent with the context. In particular, the terms

“comprises” and “comprising” should be mterpreted as referring to elements, components, or

steps 11 a non-exclusive manner, mdicating that the referenced elements, components, or steps
niayv be present, or utilized, or combined with other elements, componenis, or steps that are not
expressiy referenced. Where the specification claums refers o at least one of somethmg selected
from the eroup consistig of A, B, C ... and N, the fext should be mterpreted as requiring ouly

one element from the group, not A plus N, or B plus N, etc.
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CLAIMS

What 1s claimed 1s:

1. A sample collection tube, comprising;
a tube having a lumen; and
a separator substance disposed within the lumen having;
a gel component layer material, wherein the gel component layer material comprises
a thixotropic gel; and
a non-thixotropic photocurable sealant component layer material that is distinct from
the gel component layer material and comprises (1) an oligomer, (2) a

photoinitiator, and (3) a stabilizer.

2. The tube of claim 1, wherein the photocurable sealant component layer material polymerizes
within 10 minutes to at least 1 on the Shore 00 hardness scale when triggered by a suitable

.€nergy source.

3. The tube of any of claims 1-2, wherein the gel component layer material has a density that is
distinct from a density of the photocurable sealant component layer material, and wherein each:
of the gel component layer material and the photocurable sealant component layer material has a

density of between 1.00 and 1.09 g/cm’, inclusive.

4. The tube of claim 1, wherein the separator substance has a density between an average
density of a cell-depleted fraction of whole blood and a cell-enriched fraction of whole blood,
and has a flowability such that the separator substance can settle under a centrifugal force to a

position between the cell-depleted phase of whole blood and the cell-enriched phase of whole
blood. |

5. The tube of claim 1, wherein the photocurable sealant component layer material is irradiation
sterilizable without a loss of the flowability such that the photocurable sealant component layer

material can settle under a centrifugal force to a position between the cell-depleted phase of

28
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whole blood and the cell-ennched phase of whole blood, and wherein the photocurable sealant

component layer material can be subsequently polymerized via UV curing.

6. The tube of claim 1, wherein the photocurable sealant component layer material comprises a
promoter that leads to polymerization within between 10-20 seconds to at least 1 on the Shore 00

hardness scale when triggered by a suitable energy source.

7. The tube of claim 1, wherein the photocurable sealant component layer material maintains at
least one of a potassium level of the sample within 10% of an initial potassium level, and a

glucose level of the sample within 5% of an initial glucose level for at least four days.

8. A method of producing a sample collection tube for blood separation, comprising:

disposing a photocurable sealant component layer material into the lumen of a tube,
wherein the photocurable sealent component layer material is non-thixotropic and:
comprises an oligomer, a photoinitiator and a stabilizer; and

subsequently to disposing the photocurable sealant component layer, disposing a gel
component layer material into the lumen of the tube, wherein the gel éomponent
layer material comprises a thixotropic gel; and

wherein the photocurable sealant component layer material is polymerizable to a
hardness of at least 1 on the Shore 00 hardness scale upon exposure to a suitable

energy source for less than 10 minutes.

[

9. The method of claim 8, further comprising disposing a sample into the lumen of the tube, and
centrifuging the sample collection tube with the sample, the gel separator component layer

material, and the photocurable sealant component layer material.

10. The method of any of claims 8-9, further comprising sterilizing the sample collection tube
with the gcl scparator component layer material and the photocurable sealant component layer
material disposed therein via irradiation sterilization, while maintaining a flowability of the .:>

photocurable sealant component layer material with whole blood.

Article 34 Amendment 29
PCT/US15/57357
Atty. Dkt. No. 100843.0075PCT
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I'1. The method of claim 8, wherein the photocurable sealant component layer material
comprises a promoter that enables it to polymerize to the hardness of at least 1 on the Shore 00

hardness scale upon exposure to the suitable energy source for less than 10 minutes.

I2. The method of claim 8, wherein the photocurable sealant component layer material and the
gel separator component layer material each have a density between an average density of a

serum fraction of whole blood and a cell-containing fraction of whole blood, and is further

flowable in whole blood.

I3. The method of claim 8, further comprising heating the sample collection tube to at least 250
degrees Celsius to sterilize the sample collection tube while maintaining a flowability of the -

photocurable sealant component layer material with whole blood.

14. The tube of claim 1, wherein no more than 25% of the separator substances comprises the

non-thixotropic photocurable sealant component layer material.

15. The tube of claim 14, wherein no more than 10% of the separator substances comprises the

non-thixotropic photocurable sealant component layer material.

¢
RN W
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