HEMOSTATI C TEXTI LE BACKGROUND OF THE I NVENTION 1. Field of the Invention
5The present invention is directed to textiles, such as bandages, sutures,
or fabrics, and nore particularly to henostatic textiles that include
agents that can control bleeding rapidly and can be stored for |ong periods
of time. 2. Description of the Related Art 10Despite consi derabl e progress
I n under st andi ng pat hophysi ol ogi cal processes involved in surface (topical)
henostasis, there renmains a considerable unmet need for materials that can
be applied to sites of henorrhage to staunch bl eeding. Traumatic injury is
t he | eadi ng cause of death for individuals under 44 years of age (Bozeman,

W Shock, Henorrhage (2001)). | f of the 100,000 deaths
annually in the United 15 St a@@@ﬁ?ﬁ%traumtic i njury, or 50,000
cases, are from exsangui natlons (Peng, R, Chang, C., Glnore, D &
Bongard, F. Am Surg Vol . %&8}1@ t he sanme nunber of
henorr hagi ng patients suRft Q/Igagﬂw SSiVve. reaﬁq“g (E)\]od ceII t ransf usi on
(Vasl ef , 1S., Fsladgens IMentiode! i gan, P., and Sebasti an, ./ Trauma-1n). Int
Git. Care Vo 53 2L- 290 0 Yeuded GrdQdicRat i ent s
are i critichpe PEsE B*VeWé ‘%% 5‘%2&?6 %g%f?op%ﬁé%%gEié né?ateghr ear. The

si tuat i oand momma&ldu!arlyrtoﬂmmakmmweminb&at mdydraﬁgey!t&?dhﬁt@an contepl b 8 review

of mlitary,cas t I 50D s experiences in Afghanistan
Advanced mfgdé%noéj%&ﬂcaﬁ%r%ﬁ 16%3 ‘Efor Conbat Casualty Care 2002
Conference in www. usacce.org (2002)), the control of non-conpressible
bl eedi ng,was bggct;l%lni,{1 ﬁ‘é‘th%%{eﬁ%@d akngl e nost inportant unnet need in military
ener gency ned of care 25 is frequent] % t hegﬁsgpl i cation
of al®our ni qubespit copsiderablepregipss éxandsrsmdingpathonBysielgeip eto
control %ﬁreﬁ%’: S flce (8 Bﬁgﬁ 'E%@&%:@hﬁ;e Jé}rﬁﬁﬁ'aﬁﬂnsxmelhmeﬁmﬁlfmed bl ood
| oss throu auzelsa contri butor tom)g”g ?/%zjrsjld nortal.t
The prio rmf’éﬁfta%ﬁ thatcap I"é?-ﬁplﬁdttﬂ siiesrof emorghags & #g<d Riegd iy
band a? es s fal ieaﬁ?ﬁ@'ﬁ&ﬁsﬂ ofidesth fBﬁh@lﬂiduN@ under 43 Y0 61 b.%)a dﬁfdzgmﬂh Q?ﬁ] Simels,h I
sterile transparent dressing.for e fr §g ilic
pol yrer i dlegperthage @90 s HPRET ]Iy;apﬁé f%ﬁ@gﬂﬁg%ﬁ en aﬁg}nqh {}&861 to
Usukysa csta& 9&:&@ grhsmbioighge ora0,000 caes, glefemfexbmgsinatiohsn@ong s s
| Ders. gg o B, S HSndIRL 005, 13 §oPR9B5BL G09S tad Mol Khike ar T st
bl eedi ng qqﬂ“% hqﬁ‘lp hé& gS?ﬁmésre%Sg’r”a B These (?E&éc?g I ncl ude ar L cles
such as bﬂﬂiﬂ:&gﬁﬂmﬂnorrhagmg patients survive after massive red blood cell transfusjon (Vaslef,
8., Knudsen, N., Neligan, P., and Sebastian, M. J. Trauma-inj. Inf Crit. Care Vol. 53 291~
296 (2002)). Thus, approximately 100,000 patients are in critical need of hemorrhage
20  control in the US each year. The situation is equally critical in combat casualty care; ina
recent review of military casualties (Burlingame, B. DOD's experiences in Afghanistan
Advanced Technological Applications for Combat Casualty Care 2002 Conference in
www.usacee.org (2002)), the control of non-compressible bleeding was identified as the
single nost important unmet need in military emergency medicine. The standard of care
25 is frequently the application of a toutniquet to control “compressible” bleeding and then
gauze to control the residual “noncompressible” bieeding. However, continued blood loss
throngh gauze is a major contributor to morbidity and mortality.
The prior art is replete with patents directed to various forms of bandages. For
example, U.S. Patent No. 3,419,006 to King discloses a sterile transparent dressing for 2
30 wound and made from a hydrophilic polymeric gel of an insoluble polymer, and U.S.
Patent No. 4,323,061 to Usukura discloses a rigid bandage made from glass fibers and
non-glass fibers. In addition, various methods have been atterupted to quickly arrest
bleeding in an injured person. Several of these methods include articles such as bandages

1



suppl emented wi th substances that chem cally accelerate the body's natural
clotting processes. Exanples of such articles include the follow ng:

U. S. Patent No. 3,328,259 to Anderson discl oses a bandage or wound dressing
that i ncorporates polyners such as sodi um car boxynet hyl cell ul ose,

hydr oxyet hyl cellul ose, 5 pol yoxyethyl ene, polyvinyl pyrrolidone, and the
like. U. S. Patent No. 4,192,299 to Sabatano di scl oses a bandage t hat
i ncl udes a packet containing an antiseptic substance. U. S. Patent

No. 4,390,519 to Sawyer discloses a bandage in the formof a sponge and
contai ning collagen or a collagen-like substance. 10U.S. Patent No.

4,453,939 tq Zi rmpn et al . discloses a conpgsition useful as a wound

dr essi ng SERRY® Ng‘f"gﬁﬁ‘fbé% BiF2 Ya%‘i?fq"%ggﬁb“ﬁ?ﬁﬂaﬁﬁ M t hr onbi n.
U.S. Pat @adcebles. Bxftiflesdothutlpadicleatidimia thd follbwingt SCl oses a resorptive sheet
for closing apgd_,treating ngd conposed o | ycopr of ei n. rix that
contains fibr ?‘ﬂ%gl;@ﬁe“é#(r‘}‘ ?’ﬁ?gﬁgﬁf’ ﬂ?%ffogrmﬁfils%? {’?{@agﬁg%‘i'gméfﬁeﬁsglgn’%% terstein
et al. disaaesss plydmeiastlyas dodiveagabidyaietliyd ctlidess, hydyoxyatiiyd celhdosepei ght
pol yet hyl ene o;gjaﬁe as @ lhe{mstgéi ¢, %@‘t like U S. Patent No. 5, 800, 372
to Befl APVRFYCHRERS BRI PAIRIEP Ty &1Fom an absorbent pol ymer and

i ncl udes mi cr G1.80Patdnit Mo, ¢4P2.29@ tn Sabatano disclokés3, baRdagerthatNiocludesa2cie®8 t o
Read et 3| I 0 o ai ds such as bandages, 20 gauzes, sutures,
and the %Pﬂ‘é‘g’"f%ia &?gﬁgisﬁtﬁﬁcgd-dri ed bl ood cells that express

pl at el et - der i Eb8. RatentiNo. #.326.519 to Sawyer distosss afhgndage inghe forsv8a spmeeo

Levi nson di g&g@ g%gq@g 18- iRGhHEGRe2 Pad contai ning gl ucosam ne or
a gl ucosgsranh%gﬁt er| vd’aa%ll e o uU. S Patcent No. 6, 762,336 and

| nt erBat i onal UpStReient Nepfids30p8 o Fimnemmnichel- fiscloses asompositionBsetelas finc Phee
et al. digaln@essifg T kalid 8 PERRRARIchA colldieh, Uil thoger RdDMBIRbihAY er

sandwi ched between two_fibrinogen | ayers. . . US Patent No.. 6,897,348
to Malik di scl®SeRatent NarSOF3a7 hafimperman st alodiselgsei@ rasptaliys e i¥bi al  agent
and a hergasdad dnd 12965 woendd, anddbinifRsallof 4 gldcipRatinGaatriv thaasastiihs ¢ aci d), or

hermot at (HREEFUTEIBRREE 0. g. | cbi t 0san ni ac nam de ascor bat e sal t) .
15 U.S. Patent No. 4,616,644 to Saferstein et al. discloses an adhesive bandage that
includes high molecular weight polyethylene oxide as a hemostatic agent.

U.S. Patent No. 5,800,372 to Bell et al. discloses a dressing made from an
absorbent polymer and includes microfibriliar collagen.

U.S. Patent No. 5,902,608 to Read et al. discloses surgical aids such as bandages,

20  gauzes, sutures, and the like, that contain fixed-dried blood cells that express platelet-
derived growth factors.

U.S. Patent No. 6,638,296 to Levinson discloses a bandage that includes a pad
containing glucosamine or a glucosamine derivative.

U.S. Patent No. 6,762,336 and International Patent Application Publication No.

25  W0/99/59647 to MacPhee et al. discloses a multilayer bandage that includes a thrombin
layer sandwiched between two fibrinogen layers.

U.S. Patent No. 6,897,348 to Malik discloses an adhesive bandage that contains an
antimicrobial agent and a hemostatic agent (e.g., chitosan, niacinamide, or ascorbic acid),
or a single wound-healing agent that contains both antimicrobial and hemostatic activities

30 (e.g., chitosan niacinamide ascorbate salt).

U.S. Patent No. 6,891,077 to Rothwell et al. discloses fibrinogen bandages that

include a procoagulant such as propyl gallate, gallic acid, or a derivative thereof. Optional

ingredients such as thrombin or an antimicrobial agent may also be included.
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U S. Patent No. 6,891,077 to Rothwell et al. discloses fibrinogen bandages
that include a procoagul ant such as propyl gallate, gallic acid, or a
derivative thereof. Optional ingredients such as thrombin or an

antim crobial agent may al so be included. 2 I nt ernati onal Patent
Application Publication No. WD 97/28823 to New Generation Medica
Corporation discloses a henostatic bandage that contains powdered
fibrinogen and thronbin adhered to a fibrous matrix with a viscous,
nonaqueous adhesi ve such as a viscous pol ysaccharide, glycol, or petrol eum
jelly. 5Despite considerable progress in understanding pathophysiological
processes involved in_heno stasis,_tissue renpdelin resol utj on at

wound sites, tpemationatBptaat Application Byblication NecWQ §75¢8823 r?ﬁ W Gfneratiel can be

appli ed t\deditdl Corraticdl didcYoskPa Bﬁﬁ@étﬁ{o%aﬁdé%aﬁﬁ cbﬁﬁﬁﬂ%ﬁﬁraere?ﬂﬁbnﬂii@e nt
i nvention |s believed to be an ansyer at need. 10S THE

| NVENTI ORed thrombin ailhgged toa flrous max wi §éﬁ‘F€°ﬁ‘%8’i’?ﬂP6‘?’r‘“ “c‘ﬁ‘YeeS&‘P B

henost at |v@scb@g<1§¢1y@cc1ﬁgaarg{1ﬁong,; parélBdmfélBl. conprising a conbi nation of
gl ass_fibers

d o .S secondary fibers m t he group
dons ti ng. of 1PRe FRrEbledrpRI erirenipa piforty bR e oo
fibers; qatvdlesl ihibemibstasis, diyaie réinbdsling, irdresolftidnest svound nites, thelzaremains at e
fibers; sisal, fib L Dflax fibers: enp
fibors: TyBERvRBare P bl 85 G ARG s S ook bl thedd
| act i de/ giryasidsdFhe presiny iyestionsis|beliated té bben answeotothaingedf i bers; fel dspar
fibers; zeolite fibers, zeolite-containing fibers, acetate fi bers and
conbi nati ons thereof; the henobstatic textile ca able of activati ng
hermpdPatic systems in the MMH%EHWW’&%UM 201 n anot her

aspect, the PrgggBbedeny gﬁ&% iy eldoR & Efbcted hehRARRD hife, LENblidify: o

conprising: a materia rrsing a nbi nati on of about 65% wei ght
gl ass fi boptsrizlr@mppsing 23 W“%P@&lﬁssrf&%"%ndr‘@gé‘ﬁg’r"é‘i wgorian Fl bers: the

henost at 's%leb@ﬁtﬂdrﬁﬂﬁw&nﬂ&mﬁg%ﬂéﬂﬁtﬂbaﬁ Eaam&tfmersqmysm@snermed he body
when applied to_a wound. et anoth t?ect Mﬁ’?eﬁf’ nve {.fgon S
i 6t o0 Hegrbeoifibeiss pefioR fibei oion ot B et Fie ost BR% BPersigiis Fefig

gl asgsfi tx%csmib@lf s,l@ﬁﬁaeﬁili) ﬁB@'ﬁﬁzo&eﬁBélﬁﬂie)hﬂﬂéM sSysvel ﬁmrgdvdommﬁdmngmu ]'? .
conS|st|n of. .si r ter fibers mc fibers;
raw or ErRlidg e %%degﬁg%é ‘1?8?{3'8}?% is%lgg% ﬁ%ergy%oq %ier%gegf i nen
fibers; rﬁmsparfﬁﬂeﬁa; Séolitefilgerd, lzbﬁits-coﬁuaiaﬁig fibdos; mectatt fikersf, iabd cembietjtnsan
fibers; er.s; o) r

gl ycol i dé EIE?Pé P‘E‘m s%??&d‘g g‘fa%th i"é%c(i‘?%%{’)# y e‘?sgat%& +temg ?EP %%nggﬂéﬁ

pol yam deap%sﬁbdmawuricbl dspar fibers; zeolite fibers, zeolite-containing

fiberg acetatg Eg'll)ﬁlg e%”ﬂe &Eﬁdtq D7 isldiRbRAko A%Hmofsﬁﬁ@'%%uib or a

fraction conprisi ng enostatic textile capable act |dvat| ng

henpst at | enuyisingys materiaheomprisingm ermbigpidnes abeutaﬁ%'amwmsht glass fibers an
about 35% by weight raw or regenerated bamboo fibers; the hemostatic textile capable of

ng

activating hemostatic systems in the body when applied to a wound.
In yet another aspect, the present invention is directed to a hemostatic textile,

25  comprising: a material comprising glass fibers and one or more secondary fibers selected
from the group consisting of silk fibers; 'polyester fibers; nylon fibers; ceramic fibers; raw
or regenerated bamboo fibers; cotton fibers; rayon fibers; linen fibers; ramie fibers; jute
fibers; sisal fibers; flax fibers; soybean fibers; corn fibers; herp fibers; lyocel fibers; wool;
lactide and/or glycolide polymers; lactide/glycolide copolymers; silicate fibers; polyamide

30  fibers; feldspar fibers; zeolite fibers, zeolite-containing fibers; acetate fibers; and
combinations thereof; and thrombin or a fraction comprising thrombin; the hemostatic

textile capable of activating hemostatic systems in the body when applied to a wound.
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I n yet another aspect, the present invention is directed to a henostatic
textile, conprising: a material conprising a conbination of about 65% by
wei ght gl ass fibers and about 35% by wei ght raw or regenerated banmboo
fibers; and fromabout 0.1 to about 5% by weight of thronmbin or a fraction
conprising thronmbin based on the total weight of the 5 textile; the
‘henostatic textile capable of activating henpstatic systens in the body
when applied to a wound. In yet anot her aspect, the present
invention is directed to a henostatic textile, conprising: a materi al
conprising glass fibers and one or nore secondary fibers selected fromthe

group consi sti rs. ester fibers; | on fi.bers,. ceramc
fibers; raw 10 re(g%eﬁ'é‘lfn'%ﬁcp?1 n%n%)%'f"’?%t&“sl d'd%‘ft?%ﬁ‘? HHE’F%*‘“?%‘@%% fibers;

i nen fi b@rspﬂﬂimaena‘teriﬂécwpmuwa ﬁmmbmauoxsmmmﬁﬁi%b}swefghaglaﬁs' filersandsoybean
fibers; ¢ S b0r

gl ycol i de%og 5&% %ﬁ g?élzﬂ?t%gdg&g{é%% yn%’ragd% ?bggfgt]ft 9%%?“2(;/0

pol yam deb¥ Wbmh@s Ofﬂlmn@lSp ar a ﬁaﬁmonmingttb‘ombhebmd g thieitotal weightofitheg

fiber g %ﬁ&l%tﬁaf}fﬁz% @gﬁl g,sm g}ge;n% g)g?m?;\ﬁ
henost ati c agentes ese 1%t"é(t:e F% ki"?’*&?ﬁ%ﬁ} cgzr?tsl? I'ng otxﬁ)ﬁﬁ&[‘g}féﬁ ets,
bl ood cel ppliedtpa pgundnd fi br | nogen; the henostatic textile capabl e of

activating heﬁBﬁ}eiEh&h@r%ﬁ&mé Mﬁlﬂb@m@%aﬂc%ﬁola%ﬁogmﬁca Hem)st atic

In yet another aspect, present invention is directed to

textile, SXMRFISIE: ﬁgnatwq#ﬁ?@wg elarifiless syl Quecs msrnercPRAry fiber seiected o, by

wei ght gl B6& the BRIUH cankistidp %ﬂ&nl!@é%rﬁ)xzbo Ebér&Vﬁy@én filReE 6/aali€ Hbi3RRO
0 agent .ect dT’romthe group

fiber and one nostati c
consi St i nﬂ'ﬁgerﬁﬂaﬁq&?'é‘?%t erSpEotim fiRers £g0R. o fibersy reiG ERSER&HE  wher ei n
the RL plfibebadisl fibets] e fillerd) k@d@ar bérs; mﬁﬁbexsghe‘nip:ﬁmemqwceﬂﬁﬁer&m@&out 20

wt % and t I b d..the.fib f b t 5

W56 - bas dACHE P BRRI e o Relp el Ry e St S05eE e
capabl e oﬁba&tfewapmm@ehemhtﬁbm sgtﬂtte-nantammgtﬁwkxp_dgembﬁbemp@dj ed to a
wound. _ 254l ARRUAGTE BARGEL: mbRERRLEAS oL AN NN d s U L35 ed O 2

henost at i nmpri st ng onpri si Ng g ers and one
or nolde s@@@ﬁﬁag 9fRLWdets,dUebl'oed cflis fibtincangrfdwinogon diedtemuogtatit tedtitdk f i ber s;

POL V€S 1 ok of MR NLLARIR sy 4815 frclolf e ARl £ GBEAE 21 €0 DaTDOO

fibers; fon frpers: T rayon ers;- linen ers, ram e ers; jute
fibers; sisal hx¢éﬁ@oth¢rlaay@c§ﬂmr@¢en§mym lﬁﬂbeﬁ%dtommei@mldaerm

fibers: |uRgordd: A%derialeOhpristy Ae&ﬁbﬂsuma%ugés»m bR Dl RS and

Iactlde/glycoll e copolyners;-silicate fibers; | yam de frbers; feldspar
fibers; zZ¥Wu ?%/*'f%’é%ht T3% OF TegensrRiAd awnbwg 'P?rb@lné ong pppgrehemasEtis . and

COMDIAE | it 0 Goneih gk 0Kl Rin ol PRI RISHBASLMK trk) a1, anc
pl at el et SR gﬁf‘b‘ﬁﬁ“ﬁlﬁl egiﬂp%"%‘?‘? ﬁ“‘ig‘ﬁd{[f gg?é ﬁ%&gﬁ pF‘ gP'a(?? Piextile

capabl e odboac2 wati and tlecini aidithe Siskopen compliefrfn dyouwtctoappli 2et%p a

wound. based on the total weight of the textile; the hemostatic textile capable of activating
hemostatic systems in the body when applied to a wound.
25 In yet another aspect, the present invention is directed to a hemostatic textile,

comprising: a material comprising glass fibers and one or more secondary fibers selected
from the group consisting of silk fibers; polyester fibers; nylon fibers; ceramic fibers; raw
or regenerated bamboo fibers; cotton fibers; rayon fibers; linen fibers; ramie fibers; jute
fibers; sisal fibers; flax fibers; soybean fibers; corn fibers; hemp fibers; lyocel fibers; wool;
30  lactide and/or glycolide polymers; lactide/glycolide copolymers; silicate fibers; polyamide
fibers; feldspar fibers; zeolite fibers, zeolite-containing fibers; acetate fibers; and
combinations thereof; and thrombin or a fraction containing thrombin; and one or more

hemostatic agents selected from the group consisting of RL platelets, RL blood cells;
4



I n yet another aspect, the present invention is directed to a henostatic
textile, conprising: a material conprising a conbination of about 65% by
wei ght gl ass fibers and 5 about 35% by wei ght raw or regenerated banboo
fibers; fromabout 0.1 to about 5% by weight of thronbin or a fraction
conprising thronbin based on the total weight of the textile; and one or
nore henostatic agents selected fromthe group consisting of RL platelets,
RL bl ood cells, fibrin, and fibrinogen, wherein the RL platelets and the RL
bl ood cells conprise fromabout 0.1 to about 20 wt% and the fibrin and the
fibrinogen conprise 10 fromabout 0.1 to about 5 W% based on the total

wei ght of., t.he textjle. the he tati.c textil apable of activating

oot at PRy HetaoBen: i Homag e v 9Pt o] & R GRRoloRe Y S BF ner
aspect, thedbodyedentapplindantivarunds directed to a nethod of preparing a
henostatic textil.e | Si 3 o) ct.l terial
conprising gl iz;&sgétfaf] %%%;ﬁéé]c?i’ "g%%}ege‘r?“ %?gﬁgng%gﬁ%&é%%%€%%?ésb§glt%% €d fromthe
group cornemptisings aohatstidlicofiptising a cambiretigeef ahouf 6396 by weight glass fibers and cer ani ¢

fibers; off ' > 5Bk B8k bR 05T o of hers;
i nen§fi %@Mg?géuﬁ?‘g&%%érsfp%ﬁégﬁcplgg%;%m sal "t gggg;o'slfﬁoa@x%}élrb ; soybean
fibers; wgight pf thoersbinies afratiidyegomprisipgdhionitig bassd ondied total weightief theid/ or

gl ycol i dg, Bl ¥ABbSe of 6leindfbOh i QlehB %ol RoMPihe grdlp dofiditfagidri@l S
pol yam de fibers; | ds fibers;, zeolite fibers, zeolite-containing

f
Cibers: | pletsleinds bloed sellsfilringne Atknoesss wharsinbe Rl nineletaad e Rb blosd
fraction c&@ﬂ%’iﬂ;ﬁis@ Sobl UHREP. D tdbduPPd Weahh ¥hPnibra Rl 18t ﬁﬁnlﬁ%@ﬂ Em%ﬁfi&‘:t ed

fromithe _grouyp consisting of, RI. platelets, RL blood cells; fibrin,

fibr i‘&og m oyt (4 19 Abet B R gﬁ%ﬂ@ﬂ?“,ﬂe ot pysight aP%tte’W&s thebemasetieo) drying

the wet petild caphble oF AEtilGting Rendiestio SYféas il B bblewhen applied tda wetindAnot her
resent invention is difecte aring a

enmbodi nent, the to net ho f pre

oot acTc' t ol YRaRoEgaspreh e pefi SapEST s heba f reateil ol sBAERES | A7 55
conpri si h@pgﬁt@i@teﬁ?h&ﬁ;ﬁ?@gﬂh@st@s chotle tcemacthwf i maﬁﬁiﬂlezbmpsi_eilngglamd fromthe
group copsisti of sSij i ber sz, pol ye i.bers: | . ceramc

T bop sy © bR lah Snelr St i HocR el Eid Hror otk an [idlnd bHCHREE | ™

| i nedSfi pelysster fdlpdrs ofyldndibers; peramicf filkeas; saw or segiendratod bambdd fabersiicotios; soybean
fibers; L : Lhers.: ' .S . Lde r

Gl yeor | oS8E; ey Eers B AobPfub %‘é%ﬁ?a*a%%%??# B R Bt Bek

pol yani d&beisheqra fibge; heshpiSbers; 1yodebfibers;wenl; tastids andfos glyeekidy palymeerst ai ni ng

fibers, apahdbRc fi&@éo%blgﬂ[&gs; CORRE BRbisOPStyhilRle $tbrs\ il dipR Mefd; SLolitk Ch pl asma
containing platelets; "(2) crosslinking t Ke platel ets; and (3) optjonally
cont act i Agerheeoligsceqnitaining fijerspacstats fibess: 2nd combinptionshrreet ‘%thwé“?‘ﬂ?l&%i nto
prodyge tiRchenBShpdidirg thforhbih @nd optionally a hemostatic agent selected from the group
consisting of RL platelets, RL blood cells; fibrin, fibrinogen, and combinations thereof; to
form a wet matrix; and (2) drying the wet matrix to produce the hemostatic textile.
In yet another embodiment, the present invention is directed to a method of
preparing a hemostatic textile, comprising the steps of: (1) contacting a material
25 comprising glass fibers and one or more secondary fibers selected from the group
consisting of silk fibers; polyester fibers; nylon fibers; ceramic fibers; 1:aw or regenerated
bamboo fibers; cotton fibers; rayon fibers; linen fibers; ramie fibers; jute fibers; sisal fibers;
flax fibers; soybean fibers; corn fibers; hemp fibers; lyocel fibers; wool; lactide and/or
glycolide polymers; lactide/glycolide copolymers; silicate fibers; polyamide fibers;
30 feldspar fibers; zeolite fibers, zeolite-containing fibers; acetate fibers; and combinations
thereof with platelet rich plasma containing platelets; (2) crosslinking the platelets; and (3)
optionally contacting the textile with thrombin or a fraction comprising thrombin to

produce the hemostatic textile.
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These and ot her aspects will becone apparent upon reading the foll ow ng
detail ed description of the invention. BRI EF DESCRI PTI ON OF THE FI GURES
5The invention will be better understood when taken in conjunction with the
following figures in which: Figure 1 shows representative thromnbin
generation curves using one enbodi nent of the present invention; Figure 2
shows tines for thronbin generation using enbodi nents of the present

10i nventi on; Figure 3 shows thronboel ast ographi c analysis of naterials
according to the present invention; Figure 4 shows a conparison of bl ood
cells on dual fiber and gauze; Figure 5 shows the interaction of red bl ood

shows pl atel et 18t FULE P B G aLi P Sph v BolR e NSl ey 011 © 2
and Fi gurdicrghioneftietiabettionod | oss using the materials of the present
I nventi on.
BRIEF DESCRIPTION OF THE FIGURES
5 The invention will be better understood when taken in conjunction with the
following figures in which:
Figure 1 shows representative thrombin generation curves using one embodiment
of the present invention;
Figure 2 shows times for thrombin generation using embodiments of the present
10  invention;
Figure 3 shows thromboelastographic analysis of materials according to the present
invention;
Figure 4 shows a comparison of blqod cells on dual fiber and gauze;
Figure 5 shows the interaction of red blood cells (RBCs) with materials according
15 to the present invention;
Figure 6 shows platelet activation on glass filaments used in the present invention;
and .
Figure 7 shows total blood loss using the materials of the present invention.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The inventors of the present

I nventi on have unexpectedly found that a henostatic textile can be prepared
froma conposite of glass fibers and one or nore secondary fibers. The
henostatic textile nmade fromthe conposite of fibers displays excellent
henostatic 5 properties and fluid absorbency. To further enhance the
henostati c properties of the henostatic textile nade fromthe conposite,
addi ti onal blood factors such as thronbin, |yophilized bl ood cells,

| yophilized platelets, fibrin, fibrinogen, or conbinations of these, may be
added. These additional factors aid in activating the body's natural
henost asi s cascade and result in a material that can rapidly arrest

bl eedi ng. The i nvent orBERATED OESCRIBVEIE QR THE INNENIIEN nat i on of gl ass
fibers, second S I Surf" e
henostati c tex?5¥mwéﬁg ofﬁ%ﬂ%F%Qg#&ggﬁg P%@%ﬁ (%&k95 |sf%§gqﬁnﬁ?%9H

si t uat | ongxtileame bk preperetidimm ana:gneesﬂepfglasaﬁbm@?d Qne TR IR FECORAATYS HibETE-

| medi at ely, A etfls hald 3O @b oSipdd @ UFRbls BRIH L&Ak Hemoliifi

henostati € Eresent I nvention EEOVI desS i nport ant &gvant ages
over 1% cpraperties prcbBidmbsarhencyadioifurhes eneanse §i°§‘°sq’H%PEPP§§’§ﬁP vention is

capabl e Ohahé%e%tgtx)ftﬂ&&ﬂa\ﬂét&loﬁgmﬁé%mgm stldRfnHl Bbod BIRRS @lchGs BieeMBAG, such

as the bl oo ation casca oviding. locally hj _%h cong ntrations
of subst atyaebily bloaémllt%aly@pbw&?d E'&ébg%’ébﬂ%rf ‘56’88%81‘1“0’5{7’ ARG ﬁ%%h. li zed
bl 0od pr otghi adlidie TREOSIBEbifnl BRI 4i@ iictivBendthe 68y¥’s nave hemostaslsy be

stored in a'dry state ready faor., immedi ate use, for. 1o eri,od of time. 20
This as pe&ﬁ“?@y%ﬁ%w&rm%e%MF%'@B@iy Tfé‘i?ﬁh@@‘i‘w ?ﬂ%ﬁ’ 3'5‘?‘33' ¢t s and

systens I Qekdbvepsh ﬁmothab@dbmﬁ&zeomasfs @iber8Cdebomiainpfibers, and addifiendl bitiodat ed
above on enbodi nent o

| ” o ‘ ¢ )
matri x, Brodyce,a H‘é‘f%i‘?‘&? ri‘?ﬁ%?‘?‘% h}%?agu cb ﬁ'ﬁ?sr%]sa |%EH%%£ g?ga'%gﬁl?%;rg and
one or mrsﬁuﬁﬁﬁ@ﬁﬂ%ya@b hemsrrhdges bxisfortwies e patiepeasmtt be fmmgilisellssed in nore
det ai | lﬁ\awét}%% F. S fi beruga%gp&r‘)_,g&g is preferably a fibergl ass

opiGT Seirt

pr epar ed rosplnnlng processes, and has fiber dianeters
from 5 nanonet ahe hemoﬂtﬁumechbnﬁ theTyrerent m?etgllﬂa@@‘ﬂwtl’é\?ﬁmt@évaf“&geﬁgﬁeﬁ n the

presens | NRRl A RGhAdS DL nghEu R Thg?réssﬂt ihPerfoH i ApabebpERidIp Al ©

gI asses W sodi um oxI de cont ent rosilicate g ass,

al uni n05| Immgtmmrsmmnmﬂaheax$m%w¢eﬁﬁd§e Wppd sepgulation ¢

gl ass, qﬁ%ﬁ‘; | f\éﬁaﬂrﬁémﬁiﬁ atedm deade. rIade narre
" Bl OGLASS" &3%17%%2?’]]%%&@“%&%’%%5 fiber n é.@mbe descri bed by

convent i oradiition hyrising lyeehilizedchloed PF@‘ei’ﬁethP S‘F’F’BW‘ ‘eﬁ‘é B (3.5
m cron di agRiseb) mgbéét&e&ﬂnq&g sﬂits%éﬁiﬁﬁ)} imieiBtertise mnomg mmoﬁumaE (6
m cron di aneter) (iron di anet ; prg9 mcr an diia )}sﬂﬂ |4—1|Hjo
mi cr or20  This aspect is pa::tmular advantageous because previous pro 30ctS bid 5y stemls
hydrated proteins for activation.
As indicated above, one embodiment of the present invention is a hemostatic

textile matrix, comprising a material comprising a combination of glass fibers and one or
more secondary fibers. Each of these components is discussed in more detail below.

25 The glass fiber component is preferably 2 fiberglass prepared by extrusion or
electrospinning processes, and has fiber diameters from 5 nanometers to 15 microns.
Types of glass contemplated for use in the present invention include but are not limited to
alumino-borosilicate glasses with low sodium oxide content, borosilicate glass, lead glass,
aluminosilicate, alkali-barium silicate, vitreous silica, chalcogenide glass, phosphate glass,

30 and bioactive glass sold under the trade name “BIOGLASS”. The dimensions of the glass
fiber component may be described by conventional nomenclature, including the following
designations: B (3.5 micron diameter); C (4.5 micron diameter); D (5 micron diameter);

DE (6 micron diameter); E (7 micron diameter); G (9 micron diameter); H (10 micron
7



dianeter); or K (13 mcron dianeter). In addition, strand count of the

gl ass fiber conponent can range from900 to 37. The grade of the gl ass

fi ber may be any of electrical grade ("E'), chem cal grade ("C'), or high
strength ("S"), and the filanments nay be in any arrangenent, for exanple
continuous, staple, or textured. The fiberglass fibers may also 5 be used
singly or in a plied state using 2 to 20 or nore fibers. Fiberglass
material is available conmmercially fromvarious suppliers such as Onens
Corning, and is available commercially as G ades G/5, E-grade fibergl ass,
and the like, using the designations described above. Secondary fibers used
in the textile of the invention include generally any other 10 fiber that
can be catibneten) il € 3thisreyl dismeter)h dn eddition, siyand coxly esleys fibesf t ness, and

addi tion t g%,q.]n etail
bel ow, u?gnﬁ: secon&ﬁgéﬁg)hbedrogov%? tﬂﬂgﬁ} gﬂrllntg ldéé or bency a?‘}sod}‘aelmgfsrﬁ?ﬂ

i ncor por &rpdey’ ‘Edd?rhenuwdlgfmrfb@ 201 kigh ét&qﬂéﬂis{“ﬁc): enfbthe Slamnents maybe IRAYS of
usef ul segQy é}ﬁam,ffbpé{aﬁlﬂn@sddfﬁkaau@%p@r& taeﬁmal mae BflerbRes Shérkndaly BRES

pol yester fibers; nylo bers; céramc bers; polysaccharide fibers 15
i ncl udi ncpegisadhgingly |98 frsa Bwt%tg uping;23p 29 e’g@ﬁ@r‘%ﬁ%‘a '{"l erglass pglepipkds) | y

pr OceSﬁ ed&vaﬂﬁn%&ﬁml &@lianxgrﬁonli Whl ; sbshfaﬁlﬁfk , subless @wemuc:@msg gid is aﬁrg:?ame soybean,
corn enp, an yoce ani_ne i bers suc e and/ or

G ycol | qemmgaiyss Gxdet GEphRade RYSrelRshang M 0. b the fsSiers

pol yam dejekétirbabodeg! dspar fibers; zeolite fi bers zeolite- cont a| n| ng
fibers; acetate fi t, fi ber t hav bee enet| al | gi neered
to express ma ’?‘%?'éb“g t%U‘P 5?@&5 iR ?n fﬁgﬁ'ﬁgﬁ %ralvy (%é%g

fact @os. f[dieiat sactenaaibindd with thetdiab fibere tcsmpaatdbsorbemcyu sm’tnens, bk present

I nvention ate fibers, t.hat.have be co rs to
or omot e vasEionatpeEicBae gt a8 BRERRET A3 e bhink IRt St bach AL ST
contain nsubetﬂahaﬁbﬂmwﬁhleeealbhmbsaxbemmdw Mmsmmqraty)&@dmﬂ@e g., linear

or CyCl I Zﬁegmjm%é rg%%%%é SEcon 1 Méﬂ&fyugg&gr]ﬁ&de}hﬂﬁ%refwnd o

eptifibati erre ers inc plant Tibers such as
raw or r elijoited wt Sﬂic fieryy polyestendibes: ny %‘rﬁi@@s serapigEbss Polyspesharideidhary n

fi ber ai?@luhﬁ'@ pldnk Biberk 3adn RAUE d?'ré’é%nemﬂea él% eclfé‘ﬂﬁ@ﬂﬁf}ﬁsaw@éaj bhiidBéo, ar e

capab e o ctrvating the intrinsjic coa

| on cascadeg, e secaondary
fibers negotive. Pyepiinen rugionlnte sitsk Aex.dn a'gmprmwaﬁwﬂgmw%ﬁ Boen end

(CE), rotQfn apcvoa; lacheé amPor Bl Allide %ar}nf@sy 1d&a&@ mmbanmew silicsten 1/ 1 to
100/1 Ne. 30As w | eapremated ne_of s | theiq{t_ th%?
secondar yﬁ\""?fbé’f"lj’%# @‘%@rﬁsf SRar AP 238 tem’eﬁs@ﬁ‘fﬂlﬁ%'f‘?‘ﬁﬁ‘gm@f %o 25T ee

four, or AB&S pldht ﬁbalsamdadeeealgeﬁmcamﬁé@nebadaddxpmmpmnmm:yioe of

conbi ation of .secondary fiber exa
embo ntoas °%Pmmse&§’é%ﬂﬁé %?15’@?’% ?Bﬁ%? bQ{hﬁlé( \r:}l? ﬁp%pr oau ced and
then bl endebledor ysk mmetpmgaahfmweﬂtmnfawﬁlbm theinipys been gavalenty modiftsdiveth
enbodi nent ., t he secondary. fiber QLR Q?Pé npri sing
bl ocks of p?lﬁ%mge? BOrE ege yf)eéggs(;% éqp’é'gg g P e%‘rgr)%f)%) a ag‘q‘%ﬁ%ﬁg&m ocks of
pol yest er somaia npddcybacwirties ded activatefemoatatic hsteressdts linsat or qyekizedecondar y
fibers mey e d QUORE aGRird) HRSRE SRS HHER kAl iR Bp@batide). Preferred

25  secondary fibers include plant fibers such as raw or regenerated (e.g., chemically

processed) bamboo fibers, cotton fibers, and the like, that have high moisture absorbancy

and that are capable of activating the intrinsic coagulation cascade. The secondary fibers

may be prepared using conventional methods, including ring, open end (OE), rotor, or air
jet spinning, and may have counts ranging from 1/1 to 100/1 Ne.

30 As will be appreciated by one of skill in the art, the secondary fibers may be used
singly, or in combinations of two, three, four, or more in a blended or plied state. In
addition, any type of combination of secondary fibers may be used. For éxample, in one

embodiment, two or more secondary fibers may be individually produced and then
8



5 different threads. The rel ative amounts of glass fibers and
secondary fibers can range widely, for exanple fromabout 0.1 to 99.9 W%
gl ass fibers and about 99.9%to 0.1% by wei ght secondary fibers, based on
the total weight of the dried textile. Preferable anmounts of these
materials range fromabout 30 to 80 wt % gl ass fibers and about 70 to 20 w %
10 secondary fibers, and nore preferably from about 50 to 80 wt % gl ass
fibers to about 50 to 20 W % secondary fibers. Exanples of useful
proportions of glass and secondary fibers in the henpstatic textile of the

I nvention include about 50 wt % gl ass fibers and about 50 wt % secondary
fibers; about 40 wt% gl ass fibers and_about 60 wt % secondary fibers; about

30 wt % glbdensled PbE‘F@&‘ tagethare fRrmypcemrpgsite yamd it goathgsembodigpentydbeit 20 wt %
gl ass fi hesshaands gg% féﬂxeafh% 2650 ENm %ﬁsmgaocwm@aml @pdsyfusef ul

conbination is about % ht Iass fi rs, and, 3 by wei banboo

fibers. Ty f%ﬁa*?ﬁéte@@ﬁ% glf Rebiesiersag Bﬂﬁ’é?%?h?ri“éé ¥%8ﬁ]§‘8ﬂ fit may be
COﬂbl ned a@ida&n&ﬁ&ueaéobﬁm& filBls RiSheSfife s aHRinibpenighus WomBinagowst kni t ting,
or ﬁsed in a nonwoven state. In use, the henpstatic textile of the

[ nven ~°any configuration. In one 20 enbodi nent, the henostatic
textil e consi Stte refaiite NAGMARS aﬂg‘lssslfmﬁwandesdogdaﬁ fibersamn eligeatidelyefoost asi s,

d t i ) fluid
adsor pt | drvemRls o ABB AT oo Do aleeS ik i e o BUIb B e SRR ot e
textil e caosidatsiibds, baseden thy eal weaghteftstdsied textitey direfteablgaeduttvofaccel erat e
h t I f d

outer. | ayBtoeraieis faspflfShn bl RPRAGLS ol el NAHELEN 1o sy 21 T
adsorigt i mcmdzlr)mibm;bné mope D@&I@bim dronyehoit 5Qie0 widhElageifibers tmabonk3l e

concei veyy,ok ROSGaRY fblsl i Pieg%f aéeEul \ygorpomonsm laQ?ﬁR%e@Bt’ld&r} ﬁKér&ine of

the invention may a pe trea I OUS ent s_t hat era?ance I

ef fect i vetheg;gmogxtgmtpmelg of theduantipp insludggbent0i Wit elaes Fhegundatopt het? ganl c
conpoundsggls fiBertl abb R PIA% ks fbét Aed dbdbi 6mmee&naﬁxylﬁwsgam 30 _
conmpounds t 30 coval entl¥ react wth bl ood coag agh‘ﬁ'ié’efgagﬁgﬁtm ; organic
or morga‘f‘ﬁ@%ﬁﬁbﬂﬁﬂ%‘iﬁ%‘f @ 3% seFROdpey S ooy o form
Covalﬁné Mdsom:%ss&m e?s{cﬂmfd'ﬂﬂuénﬁhrtﬁﬁﬁﬂ@&mﬂh@ﬁ@dhﬂabﬁumﬁ%@aniE
conpounds t t ol yner o for re S| na mer network at or
on the wo‘ﬂ ﬁ"ﬁ{f‘ aé‘égr?t/ %b%‘ffﬁgha@“@?‘ic’rfg?% g pFatan

gag fill e&c&ﬁmﬂu&twoﬁ@onmhﬁglmmmmd akingebmntxlaml mdnmr:lmské)as .

radi o- opaque ,agent s i odi nat S |l ecu such as iopronide,

i odi nat eos%ﬁ?'@ﬁgﬁﬁaﬁ'&%%%“\m%ﬁfmﬁﬁ%%ﬁr@n aIRavPRe ﬁ%ﬁ magneti ¢ resonance
probes (e. g , Iramanhe(heiﬂomttutemﬂaoﬁﬁletmmsnmup&epayana@m@ﬁfm faeat|ic
NaNORgy Ui g6 SsinShi b MEhSASHE LAl ASASN 376 BLALSorl T esigned to acoclerste

hemostasis, and an outer layer designed for surface texture, moisture transfer, fluid
adsorption and microbial protection. In another embodiment, the hemostatic textile

consists of three layers: a hemostatic layer designed to accelerate hemostasis, a middle
layer for bandage strength and elasticity, and an outer layer for designed for surface

25  texture, moisture transfer, fluid adsorption and microbial protection. Additional
configurations may be conceived by those of skill in the art.

The hemostatic textile of the invention may also be treated with various agents that
enhance its effectiveness. Examples of additional agents include organic or inorganic
compounds that ate microstatic or microcidal; organic or inorganic compounds that

30  covalently react with blood coagulation proteins; organic or inorganic compounds that
covalently react with wounded tissue to form covalent bonds for enhanced adhesion to
tissues; organic or inorganic compounds that polymerize to form a three-dimensional

polymer network at or on the wound; imaging agents such as ultrasound contrast agents
9



5 chel at ed gadolinium and polyners that contain DTPA-chel ated gadol i ni um
and the |ike). Further additional agents that may be included in the
henostatic textile of the invention include skin conditioners such as al oe
vera, vitamn E, coenzynme Q collagen, and the like; anti-inflammtory
agents such as aspirin, ibuprofen, acetam nophen, vitamn C COX-2

I nhibitors, steroids, and the |ike; anal gesics such as |idocaine,
tetrocai ne, 10 opi ates, cocaine, antihistam nes, and the |iKke;
antimcrobial or antifingal agents such as bacitracin, silver salts,

| odi de, and the Iike vasoconstrictors such as epinepherine,

I | obi ndot t.hr onb . NO
Coavongeres B AlaSRrHEBb S, SR aesniiclicapadte [imHbraRaRs SRR oo
and t he (d. ge;odamad_MrmaigaﬂéssushIMmemlﬂe,lddxnam hrghlm&ﬂenwhrmigtﬂunds and
B s e L L
dext r an; sypegganaomdetic me_myéammt»pa:uclhs abetkﬂmqmmlnmaﬂaE&DH?ﬁé»
po' ypé‘osglt}éét&rﬁ&ﬂdﬁ%i anfl {ﬁr-nlae)gsetg;?t @E&?@B%h?éﬂela%e%‘ 8 mﬁﬂ ﬁﬁc}‘{ﬂg eui@f' the

e textile e rnvention
addl tional faEughe aﬂmn%i@lgem@ﬁatmiaﬂw incluged fimithy hsmnaam @I’dﬂﬁe}fé@ atic

systens amnwpﬁlcﬁ.ud skil cgﬁu,ﬁ&afs alches mog Yed| GEALAE, codhzphie!t, 36fidenonal

factors include thronbin or-a plasma fraction that i ncludes thromnbi n,

rehydr at agd #\96%* ti iwfappyayory Pams# ®ich as papivin, dbnprefen, agetomingphsn, ¥itagin nogen,

and COW@@U)Q—QSn]ﬁBnt&:Q%&omE 'han@l fiise M@Eﬂé@ﬁsmlma&m,&mn IS
i ncorporated into, the xt| le to |gF‘art additj.o aI 1ﬁ{‘ngstatlc action. The

t hr ofi nOBAFsHRECRinEANKAY anq the figesantipirel el AR SR 25t ¢ ) or

may be i Badikgcih MilReOdalts 1@chd§fﬁﬁdiﬂeﬂﬂ€el; Mns&mamﬁdnais cpiBpidring, 25 t hrombi n
and addi tional coagul ation factow such tﬁsl factor, Xl| ctor Xlla factor

XL fact oPORPREPRKRS, SPSORIFHn. be i, eothplipsy Hforpligapds, NEYscpyengers. gnd,

VI, fadiedikeyptovwah fHcaas &Ich\a\d\Maﬁmbnofd PIDGE} ok théalikd; anti-arardgedtasichr Xa,
and conbln there t her. ul tlon cof a tel S conponents
o ani maP BhErpoaliEleig tomouh, 180 A LBl ReRE MhCuditiis 42

endotfel exstherntic mabtwmmm, rehudmtmmsuoh( asteeoliNG) debydrating sgents that 86

combi nat h9§%§é ??J&%fl S firdR6 bifc add hnts200n 3 2 *?efd@;g& shifateSt €0 above,

may be in ormwnen | coF orate |ﬁtot e textile of the
i nvent i OROIYPhOSPhatB;I'MBM mmqqsmmmmtseﬂnef, crlcigge andithefiiket extil e of the

i nvention may @a@n@@%a&&rm&ﬁwﬂioﬂw agéu HclBHs aédmlai BlcRnbina: ka1 r om

human or ani mal sources enetic I ed ants, or other natural or
r ecombi naeHvass Bedbpay é%ﬁ@@gbpr@ﬁsts%wéws ang ﬂm&a}‘f icklynarrgsting plestings i ed

t H} oghi n tshepmdaﬁm f&[or&ifﬂcﬁtﬂls ﬂﬁ@tﬂbﬁf& a ﬂwﬂ fré‘oﬁbh mdtmuddeg dngin@m, s, . or .
ot her na rec ro n systens nay be use |n e
present i‘%\?’gfﬂt‘? °PhFﬁ€edt&113 v?fﬂp?}e"&’g‘?ﬁ E}Q?BB ¥ o g @l combingtions

| nvent i obf feye. dlnSMe peefbrréDethbodiRen thraiibinfis MdoPorapalihitoahe ;e;mmmfimpdt serum
or plasnma, ronbin used in th I l.e f t he

nbodi
present f’ﬂq}bﬂ?ﬁgﬁnﬁ%y& ?‘: :arlh% %ﬁgﬁﬁa&& eé@?‘h?‘ﬂ’ﬁpﬁﬁqte%% frislarhg

t hr onbi n rédambinant, etc.) or may be in the form of a plasma fraction or serum that contains
25  thrombin and additional coagulation factors such as factor X1I, factor Xlla, factor XIJ,
factor Xla, factor XIII, factor XIIIa, factor XX, factor IXa, factor VIII, factor VIlIa, factor
vWT, factor 'V, factor Va, factor X, factor Xa, and combinations thereof, or other

coagulation cofactors such as components of animal venom, such as reptilase, or
vasoactive agents such as endothelins, thromboxanes, nitrous oxide (INO) scavengers, or
30 combinations thereof. These factors, or any of the factors listed above, may be in a dry or
liquid form when incorporated into the textile of the invention.
The thrombin contemplated for use in the textile of the invention may take any

form including highly purified thrombin IIa from buman or animal sources, genetically
10



The preferred anount of thronbin in the textile of the invention ranges
fromabout 0.01% by wei ght to about 10% by wei ght, based on the total

wei ght of the dry textile. 10 More preferred anounts of thronbin included
in the textile of the invention range from about 0.05% by wei ght to about
7% by wei ght, and nost preferably from about 0.1% by wei ght to about 5% by
wei ght, all based on the total weight of the dry textile. As
explained in nore detail in the Exanples below, to produce a henostatic
textile that includes thrombin, the textile matrix is soaked in a solution
containing thronmbin, and 15 frozen and Iyophi lized. Preservatives such as

gl ycerol, pr edi oI ol et hyl ene PEG tre1al 0se, d the

I'i ke, rra?wﬁléf?‘%rfrtl?lﬁﬁé’d 09'{3? F%Brag f\‘/ Q‘%‘%Lﬁ{‘? enfsnjnf‘g‘igf"l”e from
becom ng pbm'any b&nﬁéd thierhibiy fiebud hl[t@ari diGRbhali soaickS rgendtﬂaalg,eme&med pemeser vati ve
concent ra ons t he t hy onbi i

solutign ra 0 maxi,mym of apout 20%
(Vv | s BRur atrearmBR e Sbaton SAe sy B Yeais e sestod. 201 n
anot her ﬁm&hﬁm eThetipanbineaitemplaeddor mﬁﬁﬂmfpremhyidvmd mayidu be zed (RL)
plateLets L ood IIs rlno f|br|n rel t into the
texti #e ttc’)ntf“r?ﬁ‘?l ’%pm'bt(ff ﬁmlahg rms? ot e act % yc?r g’?’dg)?% 3&%%. lized
bl ood ceﬂ@@nﬂm&yﬂﬁaﬁeﬂﬂ@ﬁhsb@mtambnm ismjzarttﬂlytnuaﬁed semuffeactione ar e
known in 4 @gﬁ' or exanple, U S. Patent No. 4,287,087; 5,651, 966;
5,891, 39?“%‘% %f993 804; all incorporated by reference 25 herein.
Briefly, RL plTheorefemedamountafthiymbindin theitergile pithe invention mngesdmm Bbeptt hem t o
a fixati Q)l%mgw%fghftﬂﬁﬂébgﬁi%@?w&éiﬂ i oo BeahtbRl e N0 D

pur chase rcial from Entegrion, Inc. (Research Triangle Park, NOC)

underOt h&More m@eﬂ%ﬁﬂom t;@mhm isbigied it the 31l ofghe HvantiRn RRrgeEeMon of
fibrin aRgokidsson aygerigs to @ddﬁp’?‘%"!)g f i, diEmEdt refARBY fRJnh Mbouk 0.185 Bgluce RL
r

bl ood cells, blood can be ers, follow ng

si gned i AYeshhioakah SEnky WF‘ﬁ“"e%’EE%?F@“BE@S"ge lt"’%p%%?&!hﬁgﬁ'e‘iﬁ‘?ﬁ adeni ne

(CPDA-1) and Sﬂ!.bbab@faiﬁﬂ ih Ehose &l futtaaEkaﬂpm béIGQthodtﬁbé ademuktatié eexdlzt ai n
are diJuted.to a matl

RBCs. The, er, %.i n phosphat

buf f er ed ﬂ%"ﬁl‘%& Ig%g’n i thedettle Pplgs s‘éﬁke inaic’%?f‘?(" %f'%llf‘gf%c’ ﬁn,achl s step
can hs r@@ﬁaiacﬂtyuphﬁddil thenm}auwimh hoglyegal, ﬁt@m , polpoxyetiybme p; ot ei ns.
RBCs ma r Qs I.n w t or a
m Xt ur ey g?%‘ec@rtﬁ%a‘g)é gﬁ’a?dﬁ‘eg?“u gg'é%ggg&u% @%és)% S‘?

Unr eact edhefesidlayfchen bevniing buitlo ve dhaikjoduridg-iwaﬂsza\byn-c Ismgwfalsga[caemmvgs for

e 1 emoyal B ghod e bl QL RLARNE, &Y PGk o 398k, tie cel |5 are

frozen an yop I ze
preferred embodiments, about 12% (v/v) glycerol is used.
20 In another preferred embodiment, one or more of rehydrated lyophilized (RL)

platelets, RL blood cells, fibrin or fibrinogen are incorporated into the textile to impart
additional hemostatic action. Rehydrated lyophilized blood cells and rehydrated plaiclets
and methods of their manufacture are known in the art. See, for example, U.S. Patent No.
4,287,087; 5,651,966; 5,891,393; 5,902,608; 5,993,804; all incorporated by reference

25  herein. Briefly, RL platelets are made by isolating the platelets, exposing them to a
fixative such as formaldehyde, and drying, RL platelets may also be purchased
commercially from Entegrion, Inc. (Research Triangle Park, NC) under the trade name
“STASIX”. Methods of isolation and purification of fibrin and fibrinogen are also known
in the art.

30 Briefly, to produce RL blocd cells, blood can be obtained from healthy volunteers,
following signed informed consent, in citrate-phosphate-dextrose with adenine (CPDA-1)
and subjected to centrifugation at 1000 xg for 20 min to obtain RBCs. The erythrocytes

are difuted to a hematicrit = 5% in phosphate buffered saline (PBS) and centrifuged at
11



Fibrin and fibrinogen are also available commercially from various sources.
For exanple, clinical grade material is sold under the tradenane
HAEMOCOVPLETTAN P from ZLB Behring (Marburg, Gernmany) and TI SSEEL from
Baxter (Deerfield, IL USA). Research grade material is available from
Enzynme Research Laboratories (South Bend, IN 10 USA). Fibrin and fibrinogen
may al so be isolated according to procedures known in the art (e.g., van
Rui jven-Verneer | A et aL, Hoppe Seylers Z Physiol Chem 360:633-7 (1979)).
Fibrin and fibrinogen nay al so be isolated using glycine, anmonium sul f at e,
or ethanol precipitations that are known in the art. The RL platelets, RL

blood cells, fibrin, or_fibrinogen, ma e ded |n powder 15 by
spri nkl i Fg0Wxesion iP mint ﬁ%‘sd}epéﬂ‘gﬁﬁe@?ﬁ%‘? R’Hﬁ%@’?%@l ﬁ@% ﬁofe%%ée#réeﬁegzne- dryi ng.
Al t er nat i pigth Ylasinh @esteidBit RBUS hiiyion teacremddintted eithipintamtdehyde (forghiteRl on f or m
and froze d dried as_descri bove.. Pr I jve o gl ycerol,
pr opanedilg?,sgﬁ APice ﬂ‘;’/n’aé#ﬁ"a?qg%’a © f‘@}‘%@éﬁgﬁg?g? pgarrafzﬁf Eg@ﬁ ke, may be
i ncl uded Wirehdial Aaetyide gase tthioved fromiheRBAs by ventrifxgatibe (dsfonthd ewdtahg
brittle or_, chal ky during |yophili ion,. I n n | . i ye
concent r Rfteels %")Fh%l af'ﬂ? HMPFS’S#M% e o5 8% grteg{'%mﬁgg lﬁéﬁmé?éda% 6%&%%2 0%
(v/v). In prefmphganEAbobgeR Rielsoldiidbld smumbyeiadlydton sarimedources. For Any
conbi nation o .bl.ood, cells,..RL,platelet I brq e eran n may
be i ncor p‘B‘Pﬁ’PL"dc injee) ergfe W*Pem&?“ﬁ?éh%r%gg%@%gné | oﬁw&fézg@g ly, the
total anDiio ZIB Behrhgaddarbwi) Gernfabyparalt ESSEEL ffan Baxterhtetfield, Ib Uy en
ranges from about 0.1%¢t0o.a 9 Ql%ﬁ 9& WfllBen@f N he
dried textTrEDeRdg ag?syaq’g}rtr%%%%n S, t§ %s%gcn%g%gt&?%ﬁ%se(‘éﬁ l'e ?31?’ t he
i nventd onUBAY. Fibcikadé fiblisogen|rhaylsrpedentalien acdonding tapmocsfregkoomaietht s are
expressed se et [ ' Hy§iel Chéh. 360293827 EL
Pl at el et smgfe%?va%lr%%g%&e\ﬁgg‘kmﬁﬂﬁf g&?‘%}@%erﬁég%%% nogen (wt % Prgf erred
Range 0. 1(1939)0Fibrih and fibrinbgen rRmedleq besigolpted yeing glycine, ammonium sulfate, or

ethanol precipitations that are known in the art.

The RL platelets, RL blood cells, fibrin, or fibrinogen, may be added in powder
15  form by sprinkling or blowing the dried material onto the matrix and freeze-drying.
Alternatively, these materials may be added to the matrix in solution form, and frozen and

dried as described above. Preservatives such as glycerol, propanediol, polyoxyethylene
glycol (PEG) trehalose, and the like, may be included in the soaking solution to prevent
the textile from becoming brittle or chalky during lyophilization. In general, preservative

20 concentrations in the thrombin solution range to a maximum of about 20% (v/v). In
preferred embodiments, 12% (v/v) glycerol is used.

Any combination of RL blood cells, RL platelets, fibrin and/or fibrinogen may be
incorporated into the textile of the present invention. Preferably, the total amount of RL
blood cells, RL platelets, fibrin and/or fibrinogen ranges from about 0.1% to about 50%

25  based on the total weight of the dried textile. In exemplary embodiments, the hemostatic
textile of the invention may include the following combinations (all weight percents are
expressed based on the total weight of the dried textile):

Range RL Platelets or RL Blood Fibrin or Fibrinogen
Cells (wt%) (wi%o)
Preferred Range 0.1 to 20 0.1to 5
More Preferred Range 1.0 to 10 0.5t02
Most Preferred Range 3t07 0.75t0 1.5
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1.0to 10 0.5 to 2 Most Preferred Range 3 to 7 0.75 to 1.5 In yet
anot her enbodi nent, the textile matrix of the invention includes both
thronbin or a fraction containing thronbin and one or nore of rehydrated

| yophilized (RL) platelets, RL blood cells, fibrin or fibrinogen. For
exanpl e, one preferred conbination of dried platelets, fibrinogen and
thronmbin is about 3 to 7 wM%RL platelets, 0.75 to 1.5 W% 5 fi brinogen

and 0.1 to 5 % thronbin, all based on the total weight of the dried
textile. In one particularly preferred enbodi ment, a conbinati on of about 5
w % RL platelets, about 1 wt%fibrinogen, and about 0.1 wt% thronmbin is

used. A henpstatic textile that cont %tn bot h, throg? 3) nd one or
nore of rehydiarelanpipspembedizgnt fcjexiile mapag o theynvariagneladgsdbotly j iy or

fi tbr i no ?ec}irldn?ongﬁzﬁé ﬁé&@nﬁoﬁ&ﬂﬁt né)&uér?&atana Qné Bﬁﬁbﬁwf&&hywag&mryaﬁmmed qmlg t hg
matri x fol | owe i ncor paration,of one_or nor r ize
(R pl atRipgles, RE)" %dcfﬁﬂgcf@w@r%ﬁ’%‘ﬂ?sel‘? gier pfasg ﬁd’g‘&ﬁfﬁ%ﬁi’&“ﬁ'ﬂ’é“%&g Lﬁl ques
descri bedi-gant gﬂéﬁyﬁ&hﬂéaaaﬂmmmMumtm?t?d?ﬂmmmmtaeﬂw,e of the
i nventi on_npy be a co on.,o [ t in as
di scléseoﬁl? 053%”%&# ‘W ki n&l@‘m‘%ﬂ%g}eﬁ% ‘fvgégﬁgfi%%‘%v ’lg'é?ngence
and avai | silpartichlty Desfirtl énibddimBM, £ bahbiaatior f abdines Weo REr plamidss) abouder t he
trade na "F ROCAPS" on .qof .f i nogen m crospheres and

t hr onbi n SR é%”é‘ﬁ@?\?@?\b’é" R i ‘Lsgé glgcer ol , prgpanedl ol ,

pol yoxyet hyl erﬂhghyﬂﬂjci(eﬁﬂe)hdtcmahwbahmmMmdoﬂe@rmmsyotr@h?dreﬂﬂéded in
the. 03I GLaRLU P pl Sl R ook DA ) bEREEABRBAAMABL AR bengy chal ky

during |y enera feservative con entratlons I'n the
t hr ontfi n mmrponabng ﬁmrgblntlmoathampmcbw ineoppragignef guegr metg ofr ef er r ed

erbod! Meefygrdedty ﬁﬂ&g@%lﬁckleéﬁ%dc@ﬁ@%%‘ of SbkiBGgdhAREAS | © Loxtile

of the inve oW ng st eps égéelets or

RL bl ood teehtigues descibedhgenstrliydovs dpione P%adlagebﬂmhfgl%@ﬂﬁ ife

procedur ei?wentmn ‘may bednfubSEwitt AR inbldatiod 8K fiblifodes andibiidrilih 4s Gldclosediint exti | e

conmponents. During 25 this step, the textile ma betr ally by
addi tion BfS- BatgayNedul 1348 incemporizd hecein by pefere aﬁlﬁ?@ ﬁ‘g’g%

Eol y opsy et Byl EBRe@bifs; The @B&G}lam? nﬁ&iﬂ{e\&ﬁadehﬁnieemRBCMS” & cbrabinatitinesi on of
or oI st o EE eI RGen ALY Byproe R Pipoctv Ve Sich W aRaBlob? ST
propanediol, polyoxyethylene glycol (PEG) trehalose, and the like, may be included in the
soaking solution to prevent the textile from becoming brittle or chalky during
lyophilization. In general, preservative concentrations in the thrombin solution range to 2
20 maximum of about 20% (v/v). In preferred embodiments, 12% (v/v) glycerol is used.
Generally, the hemostatic textile of the invention is made by the following steps:
1. RL platelets or RL blood cells are prepared and lyophilized according to
published procedures;
2. The hemostatic textile is manufactured from textile components. During
25  this step, the textile may be treated chemically by addition of a defined amount of agents
such as glycerol, propanediol, polyoxyethylene glycol (PEG) to preserve the textile and
aid in adhesion of hemostatic proteins. Additionally, in this step, thrombin-containing
serum or plasma is freeze-dried onto the textile matrix.
3. Hemostatic proteins such as RL pl;nelets, RL blood cells, fibrin, or
30 fibrinogen are applied directly to a selected surface of the hemostatic textile (e.g., a
surface that will contact wounded tissue) at a pre-selected particle density (protein per
square area of textile surface) or weight percentage based on the total weight of the textile.

The hemostatic proteins may be applied in any order, and may be applied to the textile in
13



3. Henostatic proteins such as RL platelets, a blood cells, fibrin, or 30
fibrinogen are applied directly to a selected surface of the henostatic
textile (e.g., a surface that will contact wounded tissue) at a
pre-selected particle density (protein per square area of textile surface)
or wei ght percentage based on the total weight of the textile. The
henostatic proteins may be applied in any order, and may be applied to the
textile in solution formor in a dry form In one enbodinent, FL platelets
may be al dehyde- stabilized, applied to the textile in a liquid state, and
then freeze dried onto the textile. 4. The infused henostatic textile
I s packaged .and optionally subjected tq sterilization (e.qg. anma or WV

i rradi at iSeiyion Emayorin g g F%gnﬁmmwﬂcﬂ%@ﬂ*iwﬁﬁ#w ir method of
nmanuf actt:) :éfaﬁilfﬁ&@, a?yﬁédt oKk ﬁaﬁin@wt; a tl.i_quid s‘taTétz end &gehifiteezarmgiergi dﬁmﬁeft&i@ikf. _nvgnz i on

I s capabl e of acti I nostatic syste in e ho n applied to a
wound, i ncl udi*ng tﬁgeﬂﬁgﬁgiﬁﬁgﬂﬁPﬁﬁ*ﬁ 1§9%@@%%“%&6*98@%@6W§F?*g on

syst ens. siekiliBffon (030 gh@fia d¢NDWMirdddion).ari ous materials activate platelets

10 ang ot her od ,coagul at j.on factors., when .t he 0 I nt ontact with a
woundbs 1 o PRI EXReS o Heharhs Wodiet Hhd ek pBRE R SRR AR ot

provi de latied delow.i N response to vascul ar injury, become contact-activated
when exposed forei gn material s su a ics. See,
for exanpl e, ar rtefxnlff & Osf?llgec 'Tie 039;(;?&-"%'?1%? %?%@g_ﬁhéﬁ%%%ﬁi@fgét%h))_ n
addi t i on,the bodysvivslapplistdonam wihad, ingludinigithe bload evagylatichsystageandt o fibrin in
15 the blgad. ' c MAEFR {Eﬁ% .S

henostati c te%tllq+ﬁedn(r)£?s t%%% %S%g leo-rll;?qﬁe%ggﬁ [ onhg%fﬁil%%gt. er %F%‘(?:aé%. ?Icgbﬁsd
syner8i stard athey blood aeagiuiasion fadtars ihew they sate linfpiconfagiysithuaiwonsd Hehi ghl y
concent r gijgdleanst d m%m%%_£BMﬁ%tb%&%s in responkB %

henmpstatic textile of the invention is useful _as_a wound dressing, for
exanpl e, vasqylasiniye, bepemecontghagtivatef when exposgd ip forcigmmpiegials sph asut ures for
use in SYRGRE ¥lass! And'PllitidsO¥Bé, SASMPRS; BaACH! ThédiilideBrofipRamIsisalareeligxt i | e
of e | SRR, WbghaAbr) £ A bR, L i MR ackuce of pgetect [ ve
i N anet hahe BIG6@BlottBRicasdalie. TieEatihitiontodbinpenchts thifie Idheseutit taxtkest | on i s
The. kit (HEPRHSGIN REOTGHD BRapE ol B e D o Bty et P RPB1 1 s, sheet .
or ot her copgpilstfin catcads hepRighBrdnoaiyrated and lacalzbdvibinh when apiiliedus a woand.
addi tional bl oﬁg h];%%tétgﬁczs textile of the invention is useful as a wound dressing, for example,
a bandage, gauze, and the like, or may be shaped into sutures for use in surgery.
20  Additional uses include forming the hemostatic textile of the invention into fabrics for use
in the manufacture of protective clothing or liners for clothing, or for use in tourniquets.
Additionally, in another embodiment, the hemostatic textile of the present invention is in
the form of a kit for use in surgery or emergency or trauma situations. The kit includes the
hemostatic textile of the invention in rolls, sheets, or other appropriate shape, and may be

25  used with or without the additional blood factors.
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EXAMPLES The follow ng exanples are intended to illustrate, but in
no way limt the scope of the present invention. Al parts and percentages
are by weight and all tenperatures are in degrees Celsius unless explicitly
stated otherwise. Materials The follow ng solutions were used in the
Exanpl es descri bed bel ow. Anticoagulant Ctrate Dextrose (ACM 0.042 M
Na3Citrate, 0.035 Mcitric acid, 20% (w v) anhydrous dextrose, pHto 4.5.
Citrated Saline: 6.2 mMNa3Citrate, 150 nkt NaCl, pH 6.5. |Im dazole
Buffered Saline: 84 m VI imdazole, 150 mVI NaCl, pH 6.8. 15 4%
Par af or mal dehvde: 20 grans paraf ormal dehyde and 9.4 grans NaH2Pa4 are
suspended in 400 nil deionized 11Wt ed to about 60t in a water bath
until dissolved. pHis set to 7.2 ; is added to 500 ni.
;i xative Sol ut{}le folloprepeaathldsrmeibtaiied 3bdihlﬁ§t£nl=1ﬁ@ buszawo eoriirait éhelscope HCD, 10
0. 135,20 M 2P =.6.5 and 9 4% v), . par af or mal dehyde.
i dazof SediFRaF YR Al RGP P Eralts aip B wrightate A BRb Sk
citrate, degless Celdutnlessanplicidy dtated oftieewizeat i on of Henostatic Textiles
The f$I | owi ng specific textile conbinations was made and used in the
expertnents that follow 30Textile 1:Wven style; G5 fiberglass in warp;
30/ 1 100%¥#eridoo0 Rayon CE in the Fill

The following solutions were used in the Examples described below.
Anticoagulant Citrate Dextrose (ACD): 0.042 M NazCitrate, 0.035 M citric acid, 20%
(w/v) anhydrous dextrose, pH to 4.5.

10
Citrated Saline: 6.2 mM NajCitrate, 150 mM NaCl, pH 6.5.

Imidazole Buffered Saline: 84 mM imidazole, 150 mM NaCl, pH 6.8.

15 4% Paraformaldehyde: 20 grams paraformaldehyde and 9.4 grams NaHPO; are
suspended in 400 ml deionized H,O and heated to about 60°C in a water bath until
dissolved. pH is set to 7.2 and water is added to 500 ml.

Fixative Solution (prepared immediately before use): Combine 1 ml ACD, 10 ml 0.135
20 Molar NaH,PO, pH = 6.5, and 9 ml 4% (w/v) paraformaldehyde.

Imidazole Buffer: 84 mM imidazole, pH =6.8

Citrate Stock: 3.2% sodium citrate, pH=7.4

25
Examples 1-7: Preparation of Hemostatic Textiles
The following specific textile combinations was made and used in the experiments
that follow:
30 Textile 1: Woven style; G75 fiberglass in warp; 30/1 100% Bamboo Rayon
OE in the Fill

15



The above conbi nati on was a gl ass fiber/banboo co-weave with the gl ass
fibers (075, electronic grade E225 spun yarn from E-grade extruded gl ass)
in the "long" orientation (warp) and the banboo fibers running "across" the
fabric (fill). Textile 2:Wven Style; ECBC150 1/0 1.0 Z Fi berglass in warp;
18/1 100% 5 Banboo Rayon MIS in the fill. Textile 3:Wven Style; ECE225 2/0
4.0 Z Fiberglass in warp; 18/ 3 100% Banboo Rayon RS in the fill. Textile
4:Knit Style; 1 end - ECG/5 1/2 Fiberglass; 1 end - 18/ 1 100% Banboo Rayon
CEinthe fill. 10Textile 5:Knit Style; 2 Ply - EC0150 1/0O Fi bergl ass
twisted with 20/1 100% Banboo Rayon. Textile 6:Wven Style; ECE225 2/0 4 0
Z Fiberglass in warp; 16/2 100% Flax in the fill. Textilg

7: W
ECH18 1/0 0.7 Trepbpys gprakisation was p-gless fiber{ermpopscoryerve| With e ﬂ\é’i%nﬁébﬁ
Exanpl e 8G75r eRakaié Qraddf Ea2 Eﬁr&tyahi Grohe H-prae Matridea ghiad) ionaleudieag”

Thrombin 120 rade gl ass f combi ned W|th 8 m
T o € prgBeen GEApLAAE FambotyiberSuatime arass e BRHG TR ol of LM Cad 5
and pl aced onTeafileer: . Trvemr&.mtyregaacsmso 1/0 1.0 Z Fiberglass in warp; 18/1 100%
5 Bamboo Rayon MJS in the fill.
Textile3:  Woven Style; ECE225 2/0 4.0 Z Fiberglass in warp; 18/3 100%

Bamboo Rayon RS in the fill.
Textile 4: Knit Style; 1 end — ECG75 1/2 Fiberglass; 1 end - 18/1 100%
Bamboo Rayon OE in the fill,
10 Textile 5: Knit Style; 2 Ply ~ ECG150 1/0 Fiberglass twisted with 20/1 100%
Bamboo Rayon.
Textile 6: Woven Style; ECE225 2/0 4.0 Z Fiberglass in warp; 16/2 100%
Flax in the fill.

Textile 7: Woven Style; ECH18 1/0 0.7 Z Fiberglass in warp; 18/2 100%
15 Lyocel MJS in the fill.

Example 8: Preparation of a Hemosiatic Textile Matrix that includes Thrombin
120 mg angetl hair grade glass fiber was combined with 8 ml plasma (Innovative
Research, Inc., Southfield, MI) and 80 p! of 1M CaCl, and placed on rocker. The mixture
20  was mixed gently on the rocker for about 90 minutes, and the glass fiber separated from

the mixture by centrifugation (300 xg for 5 minutes). The supernatant was collected and
glycerol was added to a final céncentratioq of 9% by weight. The final product is a serum
that contains thrombin Ila.
50 cm? of Textile 1 above was soaked for about 1 minute in approximately 5 ml of
25  the above serum. Excess serum was allowed to drain off, and the soaked textile matrix
was frozen at -20°C and lyophilized.

Example 9: Preparation of a Hemostatic Textile Matnx that includes Thrombin and an

additional Hemostatic Agent
30

A Textile Mafrix that includes Thrombin and Rehydrated Lyophilized (RL)
Platelets

16



20 was m xed gently on the rocker for about 90 m nutes, and the glass fiber
separated fromthe m xture by centrifugation (300 xg for 5 mnutes). The
supernat ant was coll ected and gl ycerol was added to a final concentration
of 9% by weight. The final product is a serumthat contains thronbin Ha.

50 cn? of Textile 1 above was soaked for about 1 mnute in approximately 5
m of 25 the above serum Excess serumwas allowed to drain off, and the
soaked textile matrix was frozen at -20C and |yophilized. Exanple 9:
Preparation of a Henpostatic Textile Matrix that includes Thronmbin and an
addi tional Henostatic Agent 30 A Textile Miirix that includes Thronbin and
Rehyci rat ed L)i_ophi lized (RL) Platele

) .Two_ et hods f o epari ng
textil e- based ¥Epsihy 4@‘%?#‘%@%%%&“&? SRRl &‘z‘géyc{’ﬁ% platelets
andI t hr oaiphitaee aﬁljgj %h{e%ﬂs M@G:é)mmemwaianéq;]m&_ rrhggaeuﬂy_ 'lo)mémﬁm'agnl ! dseriaywe o]
eval uat eq usin e Thr i n.Generat.io ySi S, ri bed bel ow. 1. Met hod!
51n thi s REFHS ?‘EPQTE“%HEIQ@TQB‘PEI%(? °‘Fé%ﬁﬂ%é‘€ﬁﬁ?é’§sc§@5§?"éﬁf"e”ry, then added to
the textile matrixi.(a) Neteghtration of RL Platelets RI. platelets are
prepared as desgr.ibed i .S, .Pat ent 651 d aherein
I ncor por at ed E?ﬁ?%?’gg'é’ﬂg%gp t?lﬁtf AatTve %W?%%@%ﬁgﬁﬁg\mtﬁ%ngadgr%gogﬁgrzcgm}f{ty be

used: 1O0Rhatiel et rich plasma (PRP) is prepared by first drawing fresh
venous bl ood into ( : dinto 7.5 mM ACDin a 50 cc
(S ?ﬁ%}aratfcﬁ ST R PIRLAR

syringe). The bl oo ecte centrif-ugation (10 minutes, 1,200 rpm
at 25-27C) t oRLajaseletstaze preglatod epdeserbddin UrhPatmp Nos. 368966 andi6ak39,878,

P iy BRLGLAA NetondR a0y g0kl ot i coul
cent iPf ugi ng Pdateletrieh plasms } is prepared by first drawing fresh venous bldod into
ACD (e.g., 42.5 ml blood into 7.5 ml ACD in a 50 cc syringe). The blood is subjected to
centrifugation (10 minutes, 1,200 rpm at 25-27°C) to layer the red blood cells. The PRP is
found in the supernatant. Altematively, PRP can be isolated from stored and/of outdated
platelets by removing the cells from the storage bag and centrifuging for 10 minutes at
15  about 1200 rpm to remove contaminating red blood cells and aggregated platelets.
Plasma proteins are removed from PRP using centrifugation (10 minutes at about
2400 rpm), and resuspending the isolated platelets in citrated saline buffer. The platelets
are washed twice in citrated saline buffer, and resuspended in citrated saline bufferto a
final concentration of about 8x10” platelets/ml. Alternatively, plasma proteins may be
20 removed from PRP using sizing chromatography (Sepharose 4B equilibrated with citrated
saline buffer). Turbid fractions can be collected, combined, and platslets isolated by
centrifugation. The platelets are then resuspended in citrated saline buffer to a final
concentration of about 8x10° platelets/ml.
The isolated platelets are cross-linked by adding dropwise 3.5 ml of fixative
25  solution to 1.25 ml of isolated platelets at a concentration of about 8x10 platelets/ml with
gentle stirring. Fixative solution is added to a final volume of about 10 ml, and the
mixture is incubated for 1 hour at room temperature without stirring or agitation. The
cross-linked platelets are isolated by centrifugation (10 min at 2400 rpm), and resuspended
in imidazole buffered saline, washed, and finally resuspended in imidazole buffered saline
30  to a final concentration of about 1x10° platelets/mi.
The crosslinked platelets are frozen and lyophilized by first suspending them in
imidazole buffered saline with 5% bovine serumn albumin at pH 6.8 to a final platelet

concentration of about 0.8x10° platelets/ml. The mixture is distributed into 1 ml aliquots,
17



15 about 1200 rpmto renove contam nating red blood cells and aggregated

pl atel ets. Pl asma proteins are renoved from PRP using centrifugation
(10 m nutes at about 2400 rpm, and resuspending the isolated platelets in
citrated saline buffer. The platelets are washed twice in nitrated saline
buffer, and resuspended in nitrated saline buffer to a final concentration
of about 8x109 platelets/m. Alternatively, plasma proteins may be 20
renoved from PRP using sizing chromatography (Sepharose 4B equili brated
with nitrated saline buffer). Turbid fractions can be coll ected, comnbi ned,
and platelets isolated by centrifugation. The platelets are t hen

resuspen | Lty at sal.ine buffer f centr |on f about
100" pl Soertts N, Sadfrop kst erietosidiesr. A5 lepgeleed Bt B9 Baa ng

dmpwi se  3tobedndt -B0°Cf iThatlyophildhed salssHinlesd dlateltts2haybe hydrael ay e&uﬁieaaﬁget s at
a concentratlon Oh#%POUt 8x109 platelets/nil with gentle stirring. Fixative
sol uti on™ é Ta final volunme of about 10 ni, and the mixture is

i ncubat ed for | ho@). at ﬁrddﬁhntd‘Mﬁplﬁth&owMahﬂui stirring or agitation. The

crosszlinked atel ets a at ed .hy r 0. m. 400 rpm,
and rgsuspendeapr?P ] mﬁlazo eatocof ere %l%ﬁ?etrt\sék&'vé%ﬁte% é#’dgtfn‘ a(? 1he

resus pendexdstain t¢ arifigia powderh |Fhledine gowdér is sprifiedevenilyionsd a Qatrsteriie s'lufalccm of
about I / LAKEsk4 aﬁgg g

| yophi I iz 159%‘%@%?@?%83%%%?%?&%& | t%@@fi@gaﬁere Ine with 5%
bovi ne sd&xample Sahave ixpressed en® theoRb rhivden andireerasy ThemosderedRlon of about
0.8x109 ?ria@él%?&a%’aﬁgo beﬂl@thﬁS Qe:hﬁeﬁggﬁ% fcﬂo%ﬁgwiﬂ'gttggrt&udq es. 2k @HOL S,

frozen at -80C, and lyo |ze over ni g onger

hilized
pr odd@t #Hsmsfevegpe%@ ?W%ﬁ%é@%?&b@lﬂéﬁ s may
bf :ery?w%adxn%&ﬁﬁussmgg_%a&dea mﬂb@%ﬂbﬁn&i{lﬁﬁ?fepak?ln R?ltelscﬁlﬂofﬁc | R![-
pl atel e 0 a rix opreareamarlx ai atel ets,
pl at el et ?"ﬁlf‘égf]?er rof] mpy ‘Pﬂ“ pRiutign pre %tth-S'él?’P ety roltﬁﬁémnghe fine
g_ov\ﬂ er Llauemﬁm-ls F2dRNRIRY phitdlets aaduegéslﬁpafr?gh &n lﬁlﬂ lﬁixaﬁﬁmn Sengh d&ﬁ:n&ed:h'([j ri

i sh an ne 0 eez ri.e ropbi n- ri repared in
Exanpl e ﬁ‘ éesd"i%%o 5?‘8@5%661&8%%@?1@63%&"’6%@ %ﬁgﬁ’grﬁ}\%& é““ﬁe powder ed a
pl atabets may al so2be biMsthedt o the textile using known bl ow ng
techni ques. A3, §fls method, the RL platelets are aldehyde-stabilized after binding to the textile
matrix, as a component of the matrix. The principle here is to first allow the platelets to

contact-activate and adhere to the matrix through normal interactive processes between the
hemostatic cells and the textile fibers. The platelets and textile matrix is then taken
20 through the aldehyde stabilization process together. This method includes the following
steps:
(a) Platelet rich plasma (PRP) is prepared as described above or
altermatively obtain normally liquid stored platelet rich plasma.
(b) The platelet rich plasma is incubated with a quantity of the textile
25  matrix that has been predetermined to bind 90% of the platelets. To predetermine the
extent of binding, a sample of matrix is incubated with excess platelets (more than enough
to saturate the matrix) and the amount of platelets left in the mixture after the matrix is
removed i3 calculated. '
(c) The matrix is removed from the PRP and the platelet concentration
30 inthe residual fluid is measured.
(d) The textile is incubated in a 10x volume of citrated saline for 5 min
on a rocker and excess fluid is drained. This step is repeated three times. The soaked
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10 alternative nethod, RI. platelets can be prepared w thout freeze-drying
and in the absence of serum al bum n, and resuspended in the thronbin serum
prepared in Exanple 8 above. Soaking the desired matrix in this solution
produces the final product. As a second alternative, rehydrated RI.

pl atel ets can be resuspended in the thronbin serum described in Exanple 8
above and used to soak the desired matrix to product the final product.
152. Met hod 2 In this nethod, the RI platelets are

al dehyde-stabilized after binding to the textile matri x, as a conponent of
the matrix. The principle here is to first allow the platelets to
contact-activate and adhere to the matri x through normal interactive

pr ocess esexititt matein i then blaned inadn appoptifte vahand dfeitrased sdlise forladround Bitile

pl at el et t] LSl : | de
stabiliz %a?éc?)% c%%coglssglqﬁg}ééet%%ﬁ@ﬁjﬁﬁ%lﬁm ﬁ%{(}i’%ﬁ?\%a%gﬂgglaf %cgg?%*)#g"\?\nyng st eps:
(a) Platelet rich f#)asndSrRHE)fijagvpsobyionds deppwiresddediad! . 2hml eoaised

| ternati 3! nf)4¥i ' |
by “The. BB SR8 A Bt BSOS, Ty ey |

matri§ t dHuted sna Gedyopmesief K mi with afestasiaddition of Brativgsoptige &rarfinal 1o
predet er ol %?@c?ﬁagﬁm%&mo eRtsARiTRhSubafiol B del forh&d fod g Wbt ed wi th

excess plat nore than enough to saturate the matrix) and,the anpunt

of pl at elream tamegesaturg withoukptirripg et sgitation.; Fiaally, the platelet-tsxtfi YK s ¢ o) cul at ed.

(c) The mmbdelitntbs térPVON:AEs bf igfiiiz0R HiRErcaRGlid MdhAibatedforcOm@esi 4 at i on 30 in
the residual fluid is_neasured. he textile is incubated
[

\ . T
in a 10x oekersad groess flyid s dramed off. %St?lﬁi"??eﬁ‘%‘qﬁ"%%?' and excess fluid
is dngined. This s{gp i Tolaaed debribis,eRcdsk Milazoll Buffered edinetieretrioved mat ri x

IS then aced (n _an appropriate vol une of cinat sal Lne. f or ound

textile BJFQéR gﬁeé{'a@fﬁﬁf&ﬁfu%% To: Qfg?ﬁﬂ%l? S'T’CF £ 5qake eexg?sgslgl i nl dng

st ep desGebesk desdribad above. Excess 1a deainBissembveat arfdi thateixtite mattinis fypreins

dropwi se added.to 1.25 mi. ked platelet-matrix (at 8x109 platelets/nil)

with gentaf’gij%o\ﬂhl{]’lz‘?‘%%s?%“n?l E'xa.E"%"i’ﬁ"gej' m xture is further 5 diluted to a final

vol ume of 10 m wi (#) a Chetasterizel thetfreere-dfied hexaasiatic magtix niing thrembia i nal

bounc1{5t eﬁ%{x&ﬁﬁ&lﬁ{ sﬁt@&%ﬁ%a Bhio 3(109 platel ets/m . Incubation is perforned
hr i )

for roomtenperature wthout stirring or agitation. Finally, the

pl at el et - t ext ikt wilkier aripreciatediby tosaiofishillinghe whithpbrlthongh Srampesid 28k °buf f er ed
saline angybOTUial §dpbfl roedfiale Ot hoBIGE of BEPra¥EAferkibi] dly it al ned

off. This step I's repeate ree tinmes. (f)To inclyde tllyortgi(p, excess
i M dazol eomblnagipe desstbschkerpia mangipagtively be uséd (e.g., textiles 2-7 described above).

20  Thrombin Generation Analysis
This procedure follows Fischer, T.H. et al. Synergistic platelet integrin signaling

and factor XII activation in poly-N-acetyl glucosamine fiber-mediated hemostasis.
Biomaterials 26, 5433-43 (2005). Briefly, the kinetics of thrombin generation can be used
to reflect the ability of hemostatic matrixes to function as a catalytic surface for

25 components (e.g., factor XII) of the coagulation cascade. In this assay, thrombin (Ila)
cleaves the non-fluorescent synthetic substrate peptide~ D-Phe-Pro-Arg-ANSNH to
generate a fluorescent product. The timecourse for fluorescence generation is followed in
a 96-well fluorescent platelet reader in kinetic mode,

96 well plates are blocked with 150 ul 5% BSA and citrated saline overnight at

30 37°C, then stored at 4°C until use. 4 mm (approx.) diameter pieces of hemostatic matrix
are prepared with a 4 mm Trephine punch or tazor or sharp scissor. Fluorometric Ifa
substrate D-Phe-Pro-Arg-ANSNH (Cat #SN-17a- CsHy; from Haematologic Technologies,
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fromthe platelet-textile matrix as thoroughly as possible and then soaked
I n excess |k serum as descri bed above. Excess Ha serumis renoved and the
textile matrix is frozen and |yophilized as descri bed above.

(g) Characterize the freeze-dried henostatic matri x using thronbin 15
generation analysis (described bel ow). It wll be appreciated by
those of skill in the art that although Exanples 8 and 9 utilize Textile]
above to prepare one enbodi nent of the present invention, any textile
conbi nati on described herein may alternatively be used (e.g., textiles 2-7
descri bed above). 20 Thronbin Generation Analysis Thi's procedure

factor xithEReR pelion. gt e o8 fieo BB Blibted Py BaCbdeaiBeLy
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Xl | )fof ttilmcemagﬁbmaadnweﬂms%d?eastmmgme knﬁslsaa;ﬁl} nﬁd?ﬂp??pﬁ o(ftl&)rel@heaves t he

I r.ate
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30 37?: ther?ggxt%o?gggat C untlﬁgutgheaéﬁgm%%?gﬁ%?e%agn%%ee e Og%flgg]ges 019

henpst at ™%t ri x are prepared with a 4 mm Trephine punch or razor or sharp
SCI ssor. Fluoronetric Ha substrate D Phe-Pro-Arg- ANSNH (Cat #SN 17a-

i. 1fro emat ol ogi ¢ Technol ogies,. Inc., Essex Junction, VT) is
d| lu Exargple L0: Preparabion of a Dual Kiber fext#e 12 to a final concentration 01 10

rnM The m xt mmwﬂ&%s ;ﬂ%ﬁhrﬁhcfn' JFRIORE Rlad@BEm élh’éarf&:%&%e (490 urn)
TR TG AT R e R
the rel acomémibut ﬁhﬁfsﬁsglassmeadn anbeing & pytentid) doﬁ:b@nént 6Ea hﬁﬂbﬂtﬁtﬁdeﬁtﬂe obtain
to- o ek P i ol b i 5 snd et siwg Chp AL e Sap B0 < ne-
shori®r (HMp) m 2 QNNEQuENE, gbb@ms&lhaergenaalﬂy avolivkeriin Bael in witkdbandting ok . 10
CXar . MBSO U Y g RO el A Gy U o
(McPherson, J. & Zucker, M.B. Blood 47 55-67 (1976); Tsukada, T. & Qgawa, T. Rinsho
Ketsueki 14, 777-84 (1973); Cooper, R.G., Comell, C.N., Muhrer, M.E. & Garb, S. Tex
Rep Biol Med 27, 955-61 (1969)). Secondly, plasma proteins (Stouffer, J.E. & Lipscomb,
20 H.S. Endocrinology 72, 91-4 (1963); Lissitzky, S., Roques, M. & Benevent, M.T. CR
Seances Soc Biol Fil 154, 396-9 (1960); Bull, H.B. Biochim Biophys Acta 19, 464-71 .
(1956)), FXiI (Ratnoff, O.D. & Rosenblum, J.M. Am J Med 25, 160-8 (1958)) and
fibrinogen (Sit, P.8. & Marchant, R.E. Thromb Haemost 82, 1053-60 (1999); Rapoza, R.J.
& Horbett, T.A. J Biomed Mater Res 24, 1263-87 (1990); Perez-Luna, V.H., Horbett, T.A.
25 & Ratner, B.D. J Biomed Mater Res 28, 1111-26 (1994)) being well-studied examples,
undergo chemical and physical adsorption processes on foreign surfaces (Silberberg, A. J.
Physical Chem. 66, 1872-1883 (1962)). FXII (Hageman Factor) was found to be
particularly important because it initiates the humoral coagulation at the glass/blood
interface (Ratnoff, supra; Ratnoff, 0.D. & Margolius, A., Jr. Trans Assoc Am Physicians
30 68, 149-54 (1955)). Platelet activation and turnover of the intrinsic coagulation are highly
interrelated mechanisms, in part due to the role platelets play as a catalytic surface for
assembly of the Va/Xa complex for thrombin generation. Platelet activation by

biomaterials (e.g., via integrin outside-in signaling) can result in surface presentation of
20




conmbi nation wth another selected textile fiber. Two |ines of evidence

poi nt towards continuous filanment glass thread as being a potenti al
conponent of a henostatic textile. First, platelets were found to activate
and adhere to glass (Barr, H Lancet 238, 609-610 15 (1941)). As a
consequence, gl ass vessels are generally avoided in the in vitro handling
of platelets, and binding to glass is a | ongstandi ng nethod for assessing
pl atel et activity (MPherson, J. & Zucker, MB. Blood 47, 55-67 (1976);
Tsukada, T. & Ogawa, T. Rinsho Ketsueki 14, 777-84 (1973); Cooper, R G,
Cornell, C N, Mihrer, ME & Garb, S Tex Rep Bi ol Med 27, 955-61 (1969)).
Secondl y, pl asma proteins (Stouffer, psconb, Z%FH. 1§ Endocri nol ogy
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platelets/ul by diluting the sample with platelet free plasma.
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Platelet rich Plasma Isolation Peripheral blood fromconsenting nornal

vol unteers was drawn into citrate anti-coagulant, then platelet rich plasm
was isolated with differential centrifugation as detailed in Fischer, T.H
et al. Biomaterials 26, 5433-43 (2005). The 30 platelet concentration in
the platelet rich plasma was neasured with a H ska haematol ogi cal anal yzer
and the platelet concentration was adjusted to 150,000 pl atel ets/ul by
diluting the sanple with platelet free plasma. Thronbin Generation
Kinetics The effect fibers on the kinetics of thrombin generation in
platelet rich plasma (at 150,000 pl atel ets/ul) was investigated by
follow ng the hydrolysis of the thronbin substrate D Phe-Pro-Arg-ANSNH to
yield a fluorescent reaction product. 5 300 ug of each fiber was tested in

1oohu| PrRicgluRh %ﬁ&kﬁcﬁl BBcsl Thé éﬁt‘é&t ﬁfﬁ&'fs%n\ﬁhet Hnéthe of huenbigaeheatobbt r at e ;
D- Phe- Pro- Arg- ANSNH. The tim rse for .thro eratli |n|t|ate
by Addi nEiatSiRTish Pl dat HPIORD BRI AR TS IvPEE e b e B8 By

gener at | mhmoﬂmﬂ ﬂ&EMDtm-RWgMNSﬂ}Hb yidid & lﬁubi‘eecehh t mactaxmmdmh

i ncre 0% e inti va 10Tr ogr aphy
Thro ?%‘it‘%a O @SSt ﬁ‘iﬁs@éﬁ@!ﬁ‘%‘xﬁb%‘é’?“ﬁ‘enﬁf‘%? ‘%r%q'ﬁhf éiETEG 5000

Thr onbel ﬂﬁﬁﬁgéﬂpmﬁs&mﬂ-m-mm mml—mma@pm‘swmlupmbﬂomnemtﬂoes IL).
The assays we itiate addi %g BrigYh ini ch pl asma
(at 150, éﬁﬁ {@F%F ?Ad/ﬁil a&%ao%qherﬁﬂ%tgma%é? 1%/ trangpmgrl n 327 ul of the
calcifi egeq:draioalveas deﬁwd @h@hmmﬁmﬁet Whl@hth%ﬂime?%liw%é&gw CIHARIBE t hat
cont ai neqtlag%ag&tng Ls in 33 ul citrated saline. The final fiber

concentration Was . ng/ M. Measurenents were perforned for one hour in
tripk@cate at 37C, and then rel evant paraneters were extracted fromthe
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cm of each nmateria covere Q al s
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each mat Gﬁbﬁbuﬁmeﬁpm:ﬁtewnbm‘lmdnmelemparamnerwmﬁmfa@mﬂ?ﬁth bl ood
and the gsmggé/d es of dilution and material /RBC conpl ex settling,

gl ut ar al d@ %dded for 0. 1% (W v) and the sanples were allowed to
I ncubat e at 30 room tenperature for one hour. The sanples were diluted 1/1
(viv af-Q% mgﬁs@ﬂl NeBLHRAL-bacl aktaf{al¥as and t hen
addi tbloon EE e chgﬁg%ﬁeﬁ g final concentration of 0.5% The

initial sied’grlh@dzwﬁokhwst%“lﬂlﬂeﬁpbe'i%l@?%ﬁ'%wmm Yoluwgisers ¥9own t o
m ni m ze p3gel 't&ﬁ!nkrlﬁ:r@éﬂyvf&n fhd ﬁnﬁé&xﬁﬂﬁe biittdrg olto ARl fibeelektileBC)
or phol Ogglaﬁgel sodtlljlgt 1t é)m xairc?n gir' é’;& L matena? was ggvse%debé fm? P wLble-[;lood elthea Mcrosc
materials were allowed to incubate for one minute, then diluted to 50 ml with citrated
25 saline + 1 mM EGTA to quench hemostatic processes. The materials were allowed to
settle for 5 min with gravity, then rediluted with citrated saline. This process was repeated
two more times to obtain each material free of unbound RBCs. After one-minute contact
with blood and the multiple cycles of dilution and material/RBC complex settling,
glutaraldehyde was added for 0.1% (w/v) and the samples were allowed to incubate at
30 room temperature for one hour. The samples were diluted 1/1 (v/v) with 4%
paraformaldehyde for a final concentration of 2%, and then additional glutaraldehyde was
added for a final concentration of 0.5%. The inijtial stabilization step with 0.1%

glutaraldehyde has been shown to minimize osmotically driven alterations in red blood
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Res Tech 65, 62-71 (2004)). Sanmples were stored at 4C overnight and then
exam ned with a Canbridge 5200 scanning el ectron mcroscope at 20 Icy. 5
Measur enent of Bound RBCs- 10 ng sanpl es of dual fiber or pun- were
directly exposed to 1.0 m whol e peripheral blood and washed as detail ed
for scanning el ectron mcroscopy. The pGlcNAc were then placed in 10 m
distilled water with 1% TX-100 to rel ease henogl obin from bound RBCs. The
sanpl es were centrifuged at 10,000 x g for five mnutes, then the
absorbance at 414 run was neasured to qunntify the total anount of 10
henogl obi n (and thus nunber of RBCs) associated wth each material .
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inserted’i'n artery and connected to 25 a w t hdrawal
punp 10caﬂlhmbelt!blreﬁaedmsmvmmm@)ﬁﬁ@clamwﬁ?%hﬂa%sel S. The
henor r hage- chal | enge phase of the experiment was performed in two phases.
First, the transact [ onaI I acerat | on of cont raI at erg{ br achi.al ?ﬁ ri es was

per f or medegBtrsnte 0 g SnRies, vei ns
o ek Aot oo
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i rmegtsat Q) Yl G calls Ehctditﬁexdﬂﬂénéls bElie 6;ﬁiﬁhi desity atgidd nen wasmegsuraskteat i ng
cut-down sites were co ac e Ay pressure
was hel d $Ugptiiy;the ?FPH‘Eﬂt ?93%‘{?%5 Qli%ebsnt #Ss‘é% t%R%’Ei&elaglr'flgunt shed bl ood

was ascershad ppddas descrl bed bel ow. 23 Both wounds were then repacked with

the dual fiber material to stabilize the animals. The second phase of the

experiment proceeded by sur g| caIIy expOS| ng contral at er aI the f enor al

art eri es.pPortige Brmchiz) Flaxid aniddie 2 1aseon i ' delod g,USQIﬁga

near z°o' T})ﬁ%ﬁ%?e%ﬁ g%s'?ﬂ@ Qt&éa%u& hgnSHLG aﬁﬂ'théi Jeeaamh@or@aelgﬂﬂbma h dual
e or Qf Ze re

fiber ssure
follow hemodynamic and vasoactive processes: a pulmonary artery thermo dilution

catheter is inserted via the external jugular vein into a pulmonary artery; micromanometer-
tipped catheters are positioned via the left femoral vessels into the right atrinm and
thoracic aorta; a 22 gauge catheter is inserted into the left femoral artery and connected to

25 awithdrawal pump; catheters are positioned via the left femoral vessels.
The hemorrhage-challenge phase of the experiment was performed in two phases.
First, the transactional laceration of contralateral brachial arteries was performed. The
brachial arteries and two associated ~3 mm diameter veins were surgically exposed. One
each side the artery and two veins were completely transected with a single scalpel stroke.
30  Injuries were established in a near simultaneous manner, and then each side was
immediately packed with the dual fiber textile or ganze. The penetrating cut-down sites
were completely packed with each material and then pressure was held for six minutes.

Packing was removed and the amount of shed blood was ascertained as described below.
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5 was held for six mnutes, then materials were renoved for shed bl ood
determ nation. The anobunt of bl ood shed into the original packing materials
were nmeasured by placing the dual fiber or gauze into one liter of
distilled water to |l yse RL13Cs. After two hours of stirring at room
tenperature and storage at 2C the optical density at 414 nmwas neasured to
determ ne the anount of released henogl obin, and thus the nunber of shed 10
RBCs and vol une bl ood | oss. Results Experinments proceeded in three
stages. First, candidate materials for formulating the henostatic textile
were identified by measuring the ability of selected fibers to activate 15

henost ati c processes (n platelet. rich plasm. K Secongdl) diahaf
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, e p

in Figure exposure of t atelet rich plasna to type E conti nuous

fi | ah@nt R§IGeand velimme igoq }9s%-hr onbi n generation in approxi mately eight

m nutes. Specialty rayon was | ess prothronbogenic wth thronmbin generation
occurring in 12 mnutes, while gauze fiber was 30 considerably sl ower.

The beha ltsof a nore expansi ve panel of fibers is presented in Figure 2.

In Figure 2, WhBerimetite piceeedell Dethsee\stiges.t Bisdtanindidatanaerialsifor formiviping 1 t o
measure times for, thronbin.generation. FErr : dard
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models was assessed. Details of these experiments follow.

20  Activation of Hemostatic System by Candidate Fibers A panel of common textile fibers
were analyzed for their ability to activate platelets and accelerate turnover of the intrinsic

(contact) coagulation pathwry. The behavior of the representative fibers in the
fluorogenic thrombin generation assay is depicted in Figure 1. In Figure 1, duplicate
samples of glass, specialty rayon or gauze fibers were placed in platelet rich plasma that
25  contained a fluorogenic thrombin substrate and then the thrombin generation timecourse
was initiated by adding calcium. Arrows indicate the times for thrombin generation. As
shown in Figure 1, exposure of the platelet rich plasma to type E continuous filament glass
resulted in thrombin generation in approximately eight minutes. Specialty rayon was less
prothrombogenic with thrombin generation occurring in 12 minutes, while gauze fiber was
30 considerably slower.
The behavior of a more expansive panel of fibers is presented in Figure 2. In
Figure 2, the indicated fibers were tested as detailed in Figure 1 to measure times for

thrombin generation. Error bars represent the standard deviation of duplicate analysis. As
24



In Vitro Properties of the ass/Specialty Rayon Dual Fiber Textile The
dual -fi ber matri x and gauze were conpared in the thronboel astographic
analysis with platelet rich plasma depicted in Figure 3. In Figure 3, dua
fi ber or gauze were placed in the thronboel asto graphic Guyette with norma
saline and then platelet rich plasm and cal cium 10 were added to initiate
the clot formation tirnecourse. Normal saline without material was run as a
negative control. As shown in Figure 3, the glass/specialty rayon textile
was found to significantly accelerate fibrin clot formation as conpared to
gauze or the saline control. Analysis of the dual fiber matrix and gauze

after contact with excess peripheral blood was performed usi n% scanni ng
el ect r orshowarinEizupy2.axass Audspecialtyraygnavae respectiveiy the first ond sgeond e, of

gauze wago LA Sk ol ResBoiC @SRRI RS, Wnidh 20 BompshehRT prodasi fied Wi t h

. Q .
scanni'ng el ectron m croscopy as detalled above. White arro in the |eft

two dual suifabehempstasiss didnit senghsgreelrret frrombig gengrafigns A peot i gur e
4, the gl Gi&ﬁﬁ&%t%ﬁ%ﬁy@&smﬁﬂeﬁa!&%y bound significant nunbers of

RBCs, while these cells only sparsely covered the gauze matri Xx.
20Quantification of the nunber of RBCs on each matrix is shown in Figure 5.
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Pressure tH@Sauze matrix.
20 Quantification of the number of RBCs on each matrix is shown in Figure 5. In
Figure 5, dual fiber or gauze was saturated with excess peripheral blood, and then the
number of bound RBCs was measured as described above. Error bars represent the
standard deviation from duplicate measurements. As shown in Figure 5, the dual fiber
textile bound approximately ten times as many RBCs as gauze. Significant lysis of RBCs
25  did not occur (data not shown). SEM exa.mination of the dual fiber matrix also showed a
large number of highly activated platelets on the continuous glass filament component, as
shown in Figure 6, which shows dual fiber saturated and washed with peripheral blood and
examined with scanning electron microscopy. These results indicaic that the
glass/specialty rayon matrix is more effective at providing surface hemostasis than gauze.

s. Two

30
Ability of the Dual Fiber Bandage to Provide Hemostasis in Porcine Models The duai
fiber matrix was compared to gauze in severe porcine large vessel transection injuries.

Two types of injuries were established on each of four pigs. First, the brachial artery and
) 25



5 then held for six mnutes, and then the sites were unpacked and the
degree of hetnostasis was judged as conplete (with no visible henorrhage),
partial (with less than three m of blood | oss per mnute) or uncontrolled
(with nore than three m of blood |oss per mnute). The blood | oss onto
packi ng materials and any shed bl ood was neasured from each wound site. The
contral ateral brachial plexus injury sites were then re-packed wth dual
fiber 10 textile so as to stabilize the animal for the second set of
femoral injuries. Contralateral fenoral arteries were exposed, and then
conpletely transected in a near sinultaneous manner to initiate an

exsangui nating henmorrhage. As wth the brachial plexus injuries, the injury
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the total amount of material-absorbed and shed blood from the six minute pressure period

was measured from the brachial (Left Panel A) and femoral (Right Panel B). Error bars

represent the standard deviation of the blood loss from similar injuries in five animals. As

shown in Figure 7, there was a marked tendency for gauze to pull off the hemostatic plug

25  (to the extent that there was one), while the dual fiber textile did not strongly incorporate

into the hemostatic zone.

The above results show that fundamental principles of hemostasis ¢can be used to
desién economical materials for surface hemostasis. The glass/specialty rayon textile
outperformed gauze in porcine models of both capillary and large vessel injury; bleed

30 times and blood loss were reduced by approximately halve when the fiber component of
the textile was optimized with respect to thrombogenicity.

While the invention has been described above with reference to specific

embodiments thereof, it is apparent that many changes, modifications, and variations can
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1. A henpostatic textile, conprising: a material conprising a conbination of
gl ass fibers and one or nore secondary 5 fibers selected fromthe group
consisting of silk fibers; ceramc fibers; raw or regenerated banmboo

fibers; cotton fibers; rayon fibers; linen fibers; rame fibers; jute
fibers; sisal fibers; flax fibers; soybean fibers; corn fibers; henp
fibers; |lyocel fibers; wool; |actide and/or glycolide polyners;

| acti de/ gl ycolide copolyners; silicate fibers; polyarnide fibers; feldspar
fibers; zeolite fibers, zeolite-containing fibers, acetate fibers; and
conbi nations 10 thereof; said henpostatic textile capable of
activating henostatic systenms in the body when applied to a wound,. .

2. The henmsdeavitiout dogiaktineg Hoémcheinmerntivewbracpt disclased hetainr Aegordinglyr t&es a
conbi natjon.1l5 of .qgl [ r SHENEAbsSmeal {{p8rS.

3. The h‘gﬁgﬂg‘fdgttoie @%%%%I%cggﬁ%g%%ofﬁigﬁﬁgn%ven S?Bnonv\ovegﬁﬁdrm 4.
The henosptiditand bradtscome affthe hprended clgimsr ein the rel ati ve anobunts of said

gl ass fibers 20 and said secondary fibers range from about 0.1%to about
99. 9% by wei ght glass fibers and from about 99.9%to about 0.1% by wei ght
secondary fibers, based on the total weight of said textile. 5. The
henostatic textile of claiml1, wherein the relative anounts of said gl ass
fibers 25 and said secondary fibers range from about 30%to about 80% by
wei ght gl ass fibers and from about 70%to about 20% by wei ght secondary
fibers, based on the total weight of said textile. 6. The henobstatic
textile of claiml, wherein the relative amunts of said glass fibers 30
and said secondary fibers range from about 50%to about 80% by wei ght gl ass
fi bers and from about 50%to about 20% by wei ght secondary fibers, based on
the total weight of said textile. 7. The henpstatic textile of claim1,
wherein said henostatic textile is an article of clothing or a liner for an
article of clothing.
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8. A henpstatic textile, conprising: 5a material conprising a conbination
of about 65% by wei ght glass fibers and about 35% by wei ght raw or
regener at ed banboo fibers; said henostatic textile capable of activating
henpostatic systens in the body when applied to a wound. 9. A henostatic
textile, conprising: 10a material conprising glass fibers and one or nore
secondary fibers selected fromthe group consisting of silk fibers;

pol yester fibers; nylon fibers; ceramc fibers; raw or regenerated banboo
fibers; cotton fibers; rayon fibers; linen fibers; rame fibers; jute
fibers; sisal fibers; flax fibers; soybean fibers; corn fibers; henp
fibers; |yocel flbers wool ; | actide and/or glycolide polyners;

| act i de/&ﬁ%

fibers; zeolite fibers, zeolite-containing fibers; acetate fibers; and
conbi natj ons { her eof : and t hronbi.n or a fraction conprising thronbin;
sai d henbst at{0ePesiei¢ & BlenSBPRAYRE act i vati ng henostatic systems in the
body when appé mﬂnhbcommmgcbc&ﬂ:maﬁn of BiashBbens it dre drendre kecondarg| ai m 9,

it B RO T PR N
fact or Xbé:aboofiﬁiets: cotidn ﬁﬁas;trayon)ﬁbms, finext ﬁbers){ﬂih;e fitgees; gwie Kbbis) sasal fikersor | X,
]]: gg: 8: Ixiimf ﬁg act e\éhl IS, gg M" L%nq% t1 5061/#%61'5, q&&l%actyc}]emag{rg{ | \C/a
textile ebrc@lihlmmemﬂimmﬁefslmhde mbtmfmﬁ Silmﬂﬁzerse polyemidediberay asoact i ve
active a&?&ﬁ:ar fibers; zeolite fibers, zeolite-containing fibers, acetate fibers; and combinations

10 thereof;
said hemostatic textile capable of activating hemostatic systems in the body when

applied to a wound.

2. The hemostatic textile of claim 1, wherein said material comprises a combination

15  of glass fibers and raw or regenerated bamboo fibers.
3. The hemostatic textile of claim 1 in a woven or nonwoven form.

4, The hemostatic textile of claim 1, wherein the relative amounts of said glass fibers
20  and said secondary fibers range from about 0.1% to about 99.9% by weight glass fibers
and from about 99.9% to about 0.1% by weight secondary fibers, based on the total weight

of said textile.

5. The hemostatic textile of claim 1, wherein the relative amounts of said glass fibers
25  and said secondary fibers range from about 30% to about 80% by weight glass fibers and
from about 70% to about 20% by weight secondaty fibers, based on the total weight of

said textile.

6. The hemostatic iextile of claim 1, wherein the relative amounts of said glass fibers
30 and said secondary fibers range from about 50% to about 80% by weight glass fibers and
from about 50% to about 20% by weight secondary fibers, based on the total weight of

said textile.

28
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30 12. The henostatic textile of claim9, wherein said vasoactive agent is
sel ected fromthe group consisting of endothelins, thronoboxanes, NO
scavengers, and conbi nations thereof. 13.The henostatic textile of claim
9, further conprising a preservative selected fromthe group consisting of
gl ycerol, propanediol, polyoxyethylene glycol (PEG, trehal ose, and

conbi nati ons thereof. 5 14. The henostatic textile of claim9, wherein said
fraction conprising thronbin is a partially purified plasm fraction
containing thronbin Ha. 15. The henostatic textile of claim9, wherein the
rel ative amobunts of said glass fibers and said secondary fibers range from
about 0. 1% to _about 99.9% by wei ght glass fibers 10 and from about 99.9%to
about 0. 7% by%%st%dmapvlmbrvgeﬂma%é hemostaic estilglis spartple o6f sai d

textile. clodfng LS MRSnAide beAbihkfy, Of claim 9, wherein the relative
anounts of said glass fibers and said secondary fibers range from about 30%

to about 80% by weight glass fibers and 15 from about 70%to about 20% by

wei ght sgcondamémosRaE fextik2e@dmPing:he total weight of said textile. 17.
The henostatic textile of .claimQ, wherejn t relative anpunts of said
LR R

gl ass® fi bers AM@teEal cPRRFiTREAFembipgignof 2 Bhivaightgt et fhout 80% by
wei ght  ghfus 35%081eeigndawdr kégenitraled bamboY fibsrs aiatl Hemtidbitib Yexititd @iphbleefondary

fibers, based on the total weigh f said textile, 18. The henostatic
Lexti e BUVENE Mrostapisavaems SLPd o BRGT FPRIFALE # WaEtd-on compr i o1 ng ¢ hr ombi
conprises fromabout 0.01 to about 10% by wei ght, based on the total weight
of 25sai g tex}\iﬂe%ostagigtex‘glﬂee henpstatic textile of claim9, wherein said

thronbi n“or a fraction conp??rg?rﬁsgm%'hronbi n conprises fromabout 0.05 to
aboul0 7% by wengisrial bersprisingglasscitent ank one oy morosecondarly fibors sélected3om

the group consisting of silk fibers; polyester fibers; nylon fibers; ceramic fibers; raw or
regenerated bamboo fibers; cotton fibers; rayon fibers; linen fibers; ramie fibers; jute
fibers; sisal fibers; flax fibers; soybean fibers; corn fibers; hemp fibers; lyocel fibers; wool;
lactide and/or glycolide polymers; lactide/glycolide copolymers; silicate fibers; polyamide
15 fibers; feldspar fibers; zeolite fibers, zeoliie-containjng fibers; acetate fibers; and
combinations thereof; and
thrombin or a fraction comprising thrombin;
said hemostatic textile capable of activating hemostatic systems in the body when
applied to a wound.
20
10.  The hemostatic textile of claim 9, wherein said fraction comprising thrombin
further comprises one or more coagulation factors selected from the group consisting of
factor X1, factor X1la, factor XI, factor Xia, factor XIII, factor XIIIa, factor IX, factor IXa,
factor VIII, factor VIHa, factor vWF, factor V, factor Va, factor X, factor Xa, and

25 combinations thereof.

11.  The hemostatic textile of claim 9, wherein said fraction further comprises a

vasoactive active agent.

30 12. The hemostatic textile of claim 9, wherein said vasoactive agent is selected from
the group consisting of endothelins, thromoboxanes, NO scavengers, and combinations
thereof.

25



20. The henostatic textile of claim9, wherein said thronbin or a fraction
conprising thronbin conprises fromabout 0.1 to about 5% by wei ght, based
on the total weight of said textile. 21. The henostatic textile of claim
9, further conprising one or nore additional agents selected fromthe group
consi sting of skin conditioners, anti-inflammatory agents; anal gesics;
antimcrobial or antifwagal agents; vasoconstrictors; growh factors;
anti-scar 5 agents; cauterizing agents, dehydrating agents, prothronbotic
agents, and conbinations thereof. 22. The henostatic textile of claim9 in
a woven or nonwoven form 10 23. The henostatic textile of claim9, wherein
said henpstatic textile is an article of clothing or a liner for an article
of clothlhg. P hemastatiosedilé of dadstd, ferther oppptising g preservative selected drommt er i al

conpri si g g upaRLGald cﬂggl)gger(ﬁ{}ﬂ#agg% L %X#ng%érigﬁe %?c?bl 13258 ?’eﬁmgs ¢15 about

35% by wei g raw or eher a rom apout 0.1
to aboutm@mﬂm@ghthetﬁoﬂ hronmbin or a fraction conprising thronbin based
on the total weight of said textile; said henpostatic textile capable
of actlvatl ng _henostatic s%éterrs in the bodé when applied to a_wound. 20

25. R hehbst afhehemnstaticdextiepinizio hgvherrinsid fpgonomprisingbrogibinis # i ber s

and one MWWW&&V&J@Q@E&@&E@%&bﬁH@ t he group consisting of silk
fi bers; polyester fibers; nylon fibers; ceramc fibers; raw or regenerated

banboo fibers; cotton flbers rayon flbers | i nen flbers; ram e fibers;
jute 25 {5. ber Fhe kimctatikithalléof d4iao Huaﬁiﬁme&ewaeaﬂuéﬂdw&mdcglﬁs@ fiﬂeﬁer S;

henmp fi ber oce ers r col i

| act i de/@’f‘fl%‘{dql J@ﬂbﬁ F‘I"rbé?ﬁtt(i: "itB t%&ﬂq)f/ﬁ?nwﬁtggf?'g?rihmﬁ el dspar
fibet®; amiofromabdutl9orsss tdﬂ'.@ht 0.¢%0ynvei g segoﬂdabeﬂlsars, daetidnahd ok mefghand
conbi nat (i)tosrélsdtte%re'eof ; and

16.  The hemostatic textile of claim 9, wherein the relative amounts of said glass fibers
and said secondary fibers range from about 30% to about 80% by weight glass fibers and

15 from about 70% to about 20% by weight secondary fibers, based on the total weight of
said textile.

17. The hemostatic textile of claim 9, wherein the relative amounts of said glass fibers
and said secondary fibers range from about 50% to about 80% by weight glass fibers and
20  from about 50% to about 20% by weight secondary fibers, based on the total weight of

said textile.

18. The hemostatic textile of claim 9, wherein said thrombin or a fraction comprising
thrombin comprises from about 0.01 to about 10% by weight, based on the total weight of
25  said textile.

19.  The hemostatic textile of claim 9, wherein said thrombin or a fraction comprising
thrombin comprises from about 0.05 to about 7% by weight, based on the total weight of
said textile.

30
20. The hemostatic textile of claim 9, wherein said thrombin or a fraction comprising
thrombin comprises from about 0.1 to about 5% by weight, based on the total weight of

said textile.
30



one or nore henostatic agents selected fromthe group consisting of RL
platelets, 30 Rl blood cells; fibrin, and fibrinogen; sai d
henpostatic textile capable of activating henostatic systens in the body
when applied to a wound. 26. The henostatic textile of claim25, further
conprising one or nore coagul ation factors selected fromthe group
consisting of factor XlI, factor Xlila, factor XI, factor Xla, factor X II,
factor Xllla, factor I X, factor |Xa, factor VIII, factor Villa, factor VW,
factor V, factor Va, factor X, factor Xa, and conbi nations thereof. 5 27.
The henostatic textile of claim25, further conprising a vasoactive active
agent. 28. The henostatic textile of claim27, wherein said vasoactive
agent is selected fromthe group consisting of endothelins, thronoboxanes,
NIO scaveryger s, Thanemestatic ratile@lglaid 5f hﬂmeﬂéom;i’f&lingT&m Ocliafmm&icalri]ﬁ@al fgeintd e of
claim 25, Jurther conprising a preservative sel ect romthe group
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t r ehal os enalgesdcs; antbibivadbial s ahtifangad hgents3 asobbsstiiaolsgratviicationd: ehtd-sadfr cl ai m
25, erein the relative anpunts.of said glass fibers and sajd secondary
rber s r anguspaefiall abond TRk aeb Al cpri fisnie ks 304 o8BpinaBSE° R0 Y o1,

about 99.t89edefo about 0.1% by wei ght secondary fibers, based on the total

wei ght of said textile. 31. The henobstatic textile of claim25, wherein
the relative amounts of said glass fibers and said secondary fibers range

f r om abow2. 30%bedemostatic BE%ewyf claém JHin agrayes of hemwavendetnf.r om about 70%t o
about 20% by wei ght secondary fibers, based on the total weight of said
textile. 32. The henostatic textile of claim25, wherein the relative
amour@s B- sailhedremestatic frxtile of glain &, wherskvirithhsmgstatie tectileis ga artidtehbout 50%

to about FGHME%r Whineor Gh adilc JrkRiEngnd from about 50%to about 20% by
wei ght secondary fibers, based on the total weight of said textile.

24. A hemostatic textile, comprising:
a material comprising a combination of about 65% by weight glass fibers and
15 about 35% by weight raw or regenerated bamboo fibers; and

from about 0.1 to about 5% by weight of thrombin or a fraction comprising
thrombin based on the total weight of said textile;

said hemostatic textile capable of activating hemostatic systems in the body when
applied to a wound.

20
25. A hemostatic textile, comprising:

a material comprising glass fibers and one or more secondary fibers selected from
the group consisting of silk fibers; polyester fibers; nylon fibers; ceramic fibers; raw or
regenerated bamboo fibers; cotton fibers; rayon fibers; linen fibers; ramie fibers; jute

25 fibers; sisal fibers; flax fibers; soybean fibers; corn fibers; hemp fibers; lyocel fibers; wool;
lactide and/or glycolide polymers; lactide/glycolide copolymers; silicate fibers; polyamide
fibers; feldspar fibers; zeolite fibers, zeolite~containing fibers; acetate fibers; and
combinations thereof: and

one or more hemostatic agents selected from the group consisting of RL platelets,

30 RL blood cells; fibrin, and fibrinogen;

said hemostatic textile capable of activating hemostatic systems in the body when

applied to a wound.
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33. The henostatic textile of claim25, wherein said RL platelets or said
RL bl ood cells conprise fromabout 0.1 to about 20 wt % based on the total
wei ght of said textile. 34. The henostatic textile of claim25, wherein
said fibrin or fibrinogen conprises fromabout 0.1 to about 5 wt% based on
the total weight of said textile. 35. The henpstatic textile of claim 25,
further conprising one or nore additional 5 agents selected fromthe group
consi sting of skin conditioners, anti-inflammatory agents; anal gesics;
antimcrobial or antiftngal agents; vasoconstrictors; growh factors;
anti-scar agents; cauterizing agents, dehydrating agents, pnthronbotic

agents, d i nati ons thereqf.. 36. The henpstatic textile of claim25
in a Wov%?i o%ﬁ%\%ﬁ’gﬁmﬁgﬁﬂ? °§‘3‘?%%59 ﬁgﬁ’(% EAPPUSTPRANG PTIOYF CRIEAHOBS wherein
sai d henbstoat setecteebdrorh ¢hd groamearsisiing of aétor KOk, Fichkg XNa, &ackdr I faktor 3g8, article
of cl ot hj A al e o extil e 0 I Si_ngs erial
conpri si ir‘lagg 5)%@ |tr?5?¢i’§ﬁnﬂ(se)‘ o%gglﬁc?cg obmi%gﬂt%&og&mf’ifﬁ%?rsv gB5ut 35%
by wei ghV, fagiar e, fastpe 36 fadterdXd and contingtems theaext. one or nore

henosg ati ¢ agents selected fromthe group consisting of RL platelets, RL

bl ood cells, fibrin, and fibrinogen, wherein said RL platelets and said RL
bl ood ce?l-s 2bhahampestatis textderpEtiaio 250 fisrtheo cetopriting 8 vesvlstivedice azeht.br i n and

said fibrinogen conprise fromabout 0.1 to about 5 W% based on the total
wei ght of said textile; sai d henpostatic textile capable of

activati# hehirhemqstatisyerieaf laim 27 whetein sid Masepstivie agentds seleptrdrftom 25 39. A

henost at ihe Joh Sl stitOSTYndSIneks, RrdRdBihids, RORL+HERY, Sldddmbiiaiehs and one
or TTE e ajecog ary fibers selected fromthe group consisting of silk fibers;
pol yest e bers;: nylon fibers; ceranmic fibers; raw or regenerated bamboo
fibers; cotton fibers; rayon fibers; linen fibers; rame fibers; jute

ibore, oo id RESatic i of Giini 257 Rether Comprising & préstrvative selosted Kom

the group consisting of glycerol, propanediol, polyoxyethylene glycol (PEG), trehalose,
and combinations thereof.

15
30. The hemostatic textile of claim 25, wherein the relative amounts of said glass
fibers and said secondary fibers range from about 0.1% to about 99.9% by weight plass
fibers and from about 99.9% to about 0.1% by weight secondary fibers, based on the total
weight of said textile.

20
31 The hemostatic textile of claim 25, wherein the relative amounts of said glass
fibers and said secondary fibers range from about 30% to about 80% by weight glass
fibers and from about 70% to about 20% by weight secondary fibers, based on the total
weight of said textile.

25
32." The hemostatic textile of claim 25, wherein the relative amounts of said glass
fibers and said secondary fibers range from about 50% to about 80% by weight glass
fibers and from about 50% to about 20% by weight secondary fibers, based on the total
weight of said textile. '

30
33.  The hemostatic textile of claim 25, wherein said RL platelets or said RT. blood
cells comprise from about 0.1 to about 20 wi%, based on the total weight of said textile,
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30 lactide and/or glycolide polyners; |actide/glycolide copolyners;
silicate fibers; polyam de fibers; feldspar fibers; zeolite fibers,
zeolite-containing fibers; acetate fibers; and conbinations thereof; and

thronbin or a fraction containing thronbin; and 33 one or nore
henpstati c agents selected fromthe group consisting of RL platelets, RL
bl ood cells; fibrin, and fibrinogen; said henostatic textile capable

of activating henpostatic systens in the body when applied to a wound.

40. The henpstatic textile of claim39, wherein said fraction further

conprises one or nore coagulation factors selected fromthe group

consisting of factor Xl I, factor_ 3Cfra, factor factor Xla, factor Xl
i

factor XPf a, Thghempstpbic ter%toéplawaS Wlaee%rsmmﬁbrﬂm qr SOFPPESHOPRNISESact or VW,

factor Vfrobhagicut 6Nao abaatsanv baded@nahe #eal vaiight @0 54A Radileons thereof . 41
The henostatic textile of claim39, wherein said fraction further conpri ses

a vasoactive active agent. 42. The henostatic textile of claim4l,
wherein gaid \Z&n&o;aﬁxbistuﬁcﬁg&retofbﬁmesefﬁfﬁ&&ahmms&émberﬁfowclﬁmai sting of

endot hel i ns es, NO s¢ d conbi patj ons thereof. 43.
ShaC haen 2Rt e R e S o APBEE PR R aErS S A PR, o
sel ect ed ahslgesidsh entiniorybiad on antiftngad) agentsg) vysoeomtrictus prawetifaclors; anti-scar

pol yoxyet, Pé(rltg:rlg %g?ﬁ? %‘_&E(&%}g&rehal e’rpeleﬁxsal O”b'%‘ata%%bmgnén%‘)f 44,

The henos ion conprising

t hr ombi ndheweef. partially purified plasma fraction containing thronbin Ra. 25
45. The henostatic textile of claim 39, wherein the relative anounts of said
glass fibers and said secondary fibers range from about 0.1%to about 99.9%
by wdPghBégl addefiemopiatieicytiieo plaim a8 in Hwoges epnamwayen Prmy, by wei ght
secondary fibers, based on the total weight of said textile. 30 46. The
henost ati ¢ textlle of claim39, wherein the relative amunts of said gl ass

fibers afdd- saildedemoniats lextilep plaim 25 quberpigriddsmosatiodetiieds anartigsontny
wei ght  glefsing bP& 1iSierfdf ad @itledPelsthid®% t 0 about 20% by wei ght secondary

fibers, based on the total weight of said textile:
15 38. A bemostatic textile, comprising:
a material comprising a combination of about 65% by weight glass fibers and
about 35% by weight raw or regenerated bamboo fibers; and
one or more hemostatic agents selected from the group consisting of RL platelets,
RL blood cells, fibrin, and fibrinogen, wherein said RL platelets and said RL blood cells
20 comprise from about 0.1 to about 20 wt% and said fibrin and said fibrinogen comprise
from about 0.1 to about 5 wt%%, based on the total weight of said textile;
said hemostatic textile capable of activating hemostatic systems in the body when
applied to a wound.

25 39, A hemostatic textile, comprising:

a material comprising glass fibers and one or more secondary fibers selected from
the group consisting of silk fibers; polyester fibers; nylon fibers; ceramic fibers; raw or
regenerated bamboo fibers; cotton fibers; rayon fibers; linen fibers; ramie fibers; jute
fibers; sisal fibers; flax fibers; soybean fibers; corn fibers; hemp fibers; lyocel fibers; wool;

30 lactide and/or glycolide polymers; lactide/glycolide copolymers; silicate fibers; polyamide
fibers; feldspar fibers; zeolite fibers, zeolite-containing fibers; acetate fibers; and
combinations thereof; and

thrombin or a fraction containing thrombin; and
33



47. The henpstatic textile of claim39, wherein the relative anmounts of
said glass fibers and said secondary fibers range from about 50% to about
80% by wei ght glass fibers and from about 50%to about 20% by wei ght
secondary fibers, based on the total 5weight of said textile. 48. The
henpostatic textile of claim39, wherein said thronbin or a fraction
conprising thronbin conprises fromabout 0.01 to about 10% by wei ght, based
on the total weight of said textile. 10 49. The henpstatic textile of
claim 39, wherein said thronbin or a fraction conprising thronbin conprises
from about 0.05 to about 7% by weight, based on the total weight of said
textile. 15 50. The henostatic textile of claim 39, wherein said thronbin or
a fraction cofpf PEPAEF hemosivhr ARTdifsiclddrom e eramperosisting eERL pltletso, by

wei ght, RasEldodBellshBbiiplaall fivBhedth; of said textile. 51. The henostatic
textile of clai,m 39, wherejn sai | at el.ets or. sai | 00 0 cells
conpri se from‘%lg](?ﬁ'f“ ogfalc 5 6‘1’;6 %%L%B yaiing hemps HH"FW&G"?S&P&FGV@% ot sai d
textil e. applied tdlaevdumdpst atic textile of claim39, wherein said fibrin or

fi brigogen conprises fromabout 0.1 to about 5 wt% based on the total

wei ght of said textile. 25 53. The henostatic textile of claim39, further
conpri si 4g. onéhehemmlcaﬂdﬂxtbioﬁalaimag,emhaeiﬂshiﬂ(ﬂaeﬂoﬂﬁmmcttmn}giseslmemnsi sting
of skin r {4 A0k m cr obi al

or anti f%ir)l%g#édg%ﬁ% ﬁfac\?/%%(s)elg IStrict or “@?@’ﬁ%‘"ﬁé’ ﬁgg?ghf%?‘ft%r agent s;

caut er i zifasgorae factor Fﬂslﬁt@hoalﬁmqhage?ﬂlh. ot GetnoiXe, fagenVill, factdr
conbi nat mre,r t n a woven
or nonmﬁga’f%ﬁgﬁ@éf%ﬁnsﬁgﬁost a%?%m?rte%t | Tgl {R?’d(ﬁhal m g%h % ?%Im% sai d

hemod®atic textile is an article of
41. The hemostatic textile of claim 39, wherein said fraction further comprises a

_)_

vasoactive active agent.

42.  The hemostatic textile of claim 41, wherein said vasoactive agent is selected from
15 the group consisting of endothelins, thromoboxanes, NO scavengers, and combinations
thereof.

43.  The hemostatic textile of claim 39, further comprising a preservative selected from
the group consisting of glycerol, propanediol, polyoxyethylene glycol (PEG), trehalose,
20 and combinations thereof.

44, The hemostatic textile of claim 39, wherein said fraction comprising thrombin is a
partially purified plasma fraction containing thrombin Ila.

25 45, The hemostatic textile of claim 39, wherein the relative amounts of said glass
fibers and said secondary fibers range from about 0.1% to about 99.9% by weight glass
fibers and from about 99.9% to about 0.1% by weight secondary fibers, based on the total
weight of said textile.

30 46. The hemostatic textile of claim 39, wherein the relative amounts of said glass
fibers and said secondary fibers range from about 30% to about 80% by weight glass
fibers and from about 70% to about 20% by weight secondary fibers, based on the total

weight of said textile.
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clothing or a liner for an article of clothing. 56. A henostatic textile,
conprising: 5a material conprising a conbination of about 65% by wei ght

gl ass fibers and about 35% by wei ght raw or regenerated banboo fibers;
fromabout 0.1 to about 5% by wei ght of thrombin or a fraction conprising
t hronbi n based on the total weight of said textile; and one or nore
henostati c agents selected fromthe group consisting of RL platelets, 10 RL
bl ood cells, fibrin, and fibrinogen, wherein said RL platelets and said RL
bl ood cells conprise fromabout 0.1 to about 20 w % and said fibrin and
said fibrinogen conprise fromabout 0.1 to about 5 wt% based on the total
wei ght of said textile; said henpostatic textile capabl e of
activating henostatic systens in the body when applied to a wound. 15 57. A

met hod ofy7pr eggp h&qo&attkece%& Ak Lidirh §§Wvﬁe@em?}%’mfa{1§é BlobiiS oA 512

(1) contactlng a nmaterial conprising glass fibers and one or nDre secondary

fibers sébewstand S&ﬂ@?ﬁ%ﬁ@)’éﬁéﬁﬁ%&ﬁ%@@tﬂb?@ 58%0 tejabruti80feby weight gl8st er fi bers;

nyl on i Beesand $ohdbout smrtéabmmw ;@&gﬁ&%@éﬁdrquweuwtﬁmwt ton
fibers; rayon fibers; linen fibers; Z20rame fibers; jute fibers; sisal

fiberd: meaghtpfsrd textileoyhean f| bers; corn fibers; henp fibers: |yocel
fibers; mnol | acti de and/ or glycollde pol yners; Iactide/glycolide
copolyner sili ate fibers; polyanide fibers; feldspar_fipers; zeolite
fibers, #8olitidebsmpsats eyt ?l“gé}aé‘,‘néc@[‘e&?@ spif Shpmbin, orp fration P Bﬁ@gt her eof
with thr @XBiibirDEonTprise AFHIMAUBOGIOIPT tosdbogt 109% byrefizhd tesalun the adthlyweght@fost at i ¢
agent sel e ted from the group consisting of RL platelets, RL 25 bl ood
cells; flﬁﬁ ?lbrlnogen and conbi nati ons thereof; to forma wet mat ri x;
and 10 (2) drying said wet matrix to produce said henostatic textile.

58. The mgnod - nelBlih it bR CRIR 39 b 3k Ridnfoll b PhaRIRORBESIENe O
thrombin comprises from about 0.05 to about 7% by weight, based on the total weight of
said textile.

15 50. The hemostatic textile of claim 39, wherein said thrombin or a fraction comprising
thrombin comprises from about 0.1 to about 5% by weight, based on the total weight of
said textile.

51. The hemostatic textile of claim 39, wherein said RL platelets or said RL blood
20  cells comprise from about 0.1 to about 20 wi%, based on the total weight of said textile.

52. ‘The hemostatic textile of claim 39, wherein said fibrin or fibrinogen comprises
from about 0.1 to about 5 wt%, based on the total weight of said textile.

25 53, The hemostatic textile of claim 39, further comprising one or more additional
agents selected from the group consisting of skin conditioners, anti-inflammatory agents;
analgesics; antimicrobial or antifungal agents; vasoconstrictors; growth factors; anti-scar
agents; cauterizing agents, dehydrating agents, prothrombotic agents, and combinations
thereof.

30

54, The hemostatic textile of claim 39 in 2 woven or nonwoven form.

35



coagul ation factors selected fromthe group consisting of factor X I,

factor Xlla, factor XI, 30 factor Xla, factor XlIl, factor Xflla, factor
DC, factor | Xa, factor VIII, factor VIlla, factor vWF, factor V. factor Va,
factor X, factor Xa, and conbi nati ons thereof. 59. The nethod of claim

57, wherein said fraction further conprises a vasoactive active agent.

60. The nethod of claimb59, wherein said vasoactive agent is selected from
the group 5 consisting of endothelins, thronoboxanes, NO scavengers, and
conbi nations thereof. 61. The nmethod of claim57, wherein said textile
further conprises a preservative selected fromthe group consisting of

gl ycerol, propanediol, polyoxyethylene glycol (PEG, trehal ose, and

conbi nat f&ns {The heodstaticGextie of Jlhian ARtviwekein faid haiost@ic tewileieamarticle@f f r act i on

conpri si @%a&g%gg@#%elf& a?‘haggﬂgkgh}) urified plasma fraction containing

t hronbin 57, wherein said textile further
conprises one or nore 15 additi onal agents sel ected fromthe group
consi sti gg. of ASidiL<GR ?i’éﬁ!{ﬁ&h risifig! i nfl amrat ory agent s; anal gesi cs;
antimcrobial or antl nts; vasoconst rictors; growh factors;

anti-Scar ageﬁ@@awr@ém@msznmgc%rg@ﬁe%on Afehgut 6304 bagwatgbhslglss fohest Mbonbot i ¢
agents, mtggmmlggm“;&%@ggm&(&ﬁﬁmo fiBgset hod of claim57, wherein

said material isin woven or nonwoven form  65. A mefhod of preparing a

henost ati c t eXtom @"“EQJMB‘? phqut §% bysweightof thpombim 914 fKactiopiCRTPHSAE  er i al
conpri si ugogbmséd&mt&amggmwsmm@ﬂaaﬁ@ndary fibers selected fromthe

t f | k f b t fib ny. f 5 '
i bors: raw ofbY EyRREETIesaNa AEsE FIER Srom e opiene o R E iR, o
:ci lr)nemfl mmp?a e&ﬂsgﬁﬁﬁxbansﬁbpmﬁ@njwhaem saidiRiaplafeldiemst saidnkblodde:ekdli soybean
i bers; corn ers r ers; . \wo ti or
gl ycol i d&° %’BP Igab?lé?ﬁlp t&ea?’ﬁ?tyﬁy ﬁ% cg%aﬂ)ci)#gner S; sal‘P | caag%n %Equ%
pol yani dﬁ'otnaimrusplftehhmqbémt%,basezdonzth@tomlmeighbef&ldmle;t e- cont ai ni ng
fibers; acet algqhlghsc ARMe ARG BV IRRBAsL kbl AL Blayrih P! asme

contai ni ng platel
applied to a wound.

15
57. A method of preparing a hemostatic textile, comprising the steps of:
¢)) contacting a material comprising glass fibers and one or more secondary
fibers selected from the group consisting of silk fibers; polyester fibers; nylon fibers;
ceramic fibers; raw or regenerated bamboo fibers; cotton fibers; rayon fibers; linen fibers;
20 ramie fibers; jute fibers; sisal fibers; flax fibers; soybean fibers; corn fibers; hemp fibers;
lyocel fibers; wool; lactide and/or glycolide polymers; lactide/glycolide copolymers;
silicate fibers; polyamide fibers; feldspar fibers; zeolite fibers, zeolite-containing fibers;
acetate fibers; and combinations thereof with thrombin or 2 fraction comprising thrombin
and optionally a hemostatic agent selected from the group consisting of RL platelets, RL
25  blood cells; fibrin, fibrinogen, and combinations thereof: to form a wet matrix; and
(2) drying said wet matrix to produce said hemostatic textile.

58. The method of claim 57, wherein said fraction further comprises one or more
coagulation factors selected from the group consisting of factor X1I, factor Xlla, factor XI,

30 factor Xla, factor XIiI, factor XIIa, factor IX, factor IXa, factor VIII, factor VIIia, factor
vWE, factor V, factor Va, factor X, factor Xa, and combinations thereof.
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30(2)crosslinking said platelets; and . (3)optionally contacting said
textile with thronbin or a fraction conprising thronbin to produce said
henpostatic textile. 66. The nmethod of claim65, further conprising the
step of drying said henostatic textile. 67. The nethod of claim 65,
wherein said fraction further conprises one or nore 5 coagulation factors

sel ected fromthe group consisting of factor Xl I, factor Xlla, factor X,
factor Xla, factor Xll1l, factor Xlilla, factor |1 X, factor |Xa, factor VIII,
factor Villa, factor VWF, factor V, factor Va, factor X, factor Xa,
andeonbi nati ons t hereof. 68. The nethod of claim&®65, wherein said

fraction further conprises a vasoactive 10 active agent. 69. The nethod of
cl ai m 6859.wheThd methad of alaiso 8T, twhegeingaid tfraciosfiktber aoanpriseha viseagiveup

consi sti n%g,g r%c;lot hel i ns, thronoboxanes, NO scavengers, and conbi nations

t her eof . e nmet hod of claim®65, wherein said textile further
conprises a preservative selected fromthe group consisting of glycerol,

pr opanedjigl 3l ?E g%?ﬂf ees[k% e%@&l pons

t her eof . 60. ?Ré]%'%#ﬁw 22 1%(&8# shi l\%er e|ﬁ§§%] Fg@ﬁ%n conpri si ng
t hr onfbi nconsisting af tndathcynﬂﬂfirpmpb@m@ds M@me#%m%wf%‘aﬁ%%nﬁ%qfhr onbi n Ha.
72. The nmethod of claim®65, wherein said textile further conprises one or
nore additional agents selected fromthe rou consi sting of skin

condi t i oftbr s, Thamiethod pf elaim 5B yhergiasais te § QURPILSRE P RTESFTSEHYE  or
ant i f UngadieQEeRbmth @545 B15lsking P Eioordh pﬂd;ﬁﬂéd?olf POy OyoihyddHei gl ORPBMEN! S;

cauterizing agents, deh){1 ratl ng agents, prothronbotic agents, and
conbi nat FehRlosepandsom ons theteOf.The et hod of clai m 65, wherein said
matefrgal is in a woven or nonwoven form 30

62. The method of claim 57, wherein said fraction comprising thrombin is a partially
purified plasma fraction containing thrombin Ila.

63. The method of claim 57, wherein said textile further comprises one or more

15  additional agents selected from the group consisting of skin conditioners, anti-
inflammatory agents; analgesics; antimicrobial or antifungal agents; vasoconstrictors;
growth factors; anti-scar agents; cauterizing agents, dehydrating agents, prothrombotic

agents, and combinations thereof.
20 64, The method of claim 57, wherein said material is in a woven or nonwoven form.

65. A method of preparing a hemostatic textile, comprising the steps oft
(1) contacting a material comprising glass fibers and one or more secondary
fibers selected from the group consisting of silk fibers; polyester fibers; nylon fibers;

725  ceramic fibers; raw or regenerated bamboo fibers; cotton fibers; rayon fibers; linen fibers;
ramie fibers; jute fibers; sisal fibers; flax fibers; soybean fibers; corn fibers; hemp fibers;
lyocel fibers; wool; lactide and/or glycolide polymers; lactide/glycolide copolymers;
silicate fibers; polyamide fibers; feldspar fibers; zeolite fibers, zeolite-containing fibers;
acetate fibers; and combinations thereof with platelet rich plasma containing platelets

30 2) crosslinking said platelets; and

3) optionally contacting said textile with thrombin or a fraction comprising

thrombin to produce said hemostatic textile,
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66.  The method of claim 65, further comprising the step of drying said hemostatic
textile.

67.  The method of claim 65, wherein said fraction further comprises one or more
coagulation factors selected from the group consisting of factor X1I, factor XlTa, factor XI,
factor Xla, factor XIII, factor XIIIa, factor IX, factor IXa, factor VIII, factor VIIIa, factor
vWF, factor V, factor Va, factor X, factor Xa, and.combinations thereof.

68.  The method of claim 65, wherein said fraction further comprises a vasoactive
active agent.

69. The method of claim 68, wherein said vasoactive agent is selected from the group
consisting of endothelins, thromoboxanes, NO scavengers, and combinations thercof.

70. The method of claim 65, wherein said textile further comprises a preservative
selected from the group consisting of glycerol, propanediol, polyoxyethylene glycol (PEG),
trehalose, and combinations thereof.

- 71 The method of claim 65, wherein said fraction comprising thrombin is a partially

purified plasma fraction containing thrombin Ila.

72.  The method of claim 65, wherein said textile further comprises one or more
additional agents selected from the group consisting of skin conditioners, anti-
inflammatory agents; analgesics; antimicrobial or antifungal agents; vasoconstrictors;
growth factors; anti-scar agents; cauterizing agents, dehydrating agents, prothrombotic

agents, and combinations thereof.

73, The method of claim 65, wherein said material is in 2 woven or nonwoven form.

38



