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adjusRBeNoihee tliérv1§c%s@§9|tﬁ16ké4ﬁﬁ§ HoWDhES Ho®8méf okhe sample. The binding
internediary in thé lattice. The water nolecul es

agentpmw assc:qnlam ap A hvﬁwgb@h@ndqvg lattiens tbmmesenﬁﬂer@tﬁdabmgmt the wound,

forml{l%% B)III%IS?d II)? dl & cIIcl éisna%tIiIE?lp CPI I(IPIShIé subje I:tag 1n?r1ns§c clotting

factork I@umﬂieﬂ apdactivatedity thy Bleeding®selfThe degr ee of thixotropy
and thjckening of the fluid is directly propaortjona
t &0 ppRtherasRgt, 3h%bmﬁlalﬁ@,s§m§ includs af Iﬁaﬁ@m fndpeeferably two enzymes or

. 4
actlve?ﬁ) g?nenf(tj%l t@ﬁe\gfég‘;} éé(gﬁﬁ%,aagtg}lg g%éngsr i{ﬁqug% | fr g@mﬁ& dctiOftors of the
ExtrinsicsRaiswayy , Thrhinblkync nascadd aegleeands suitatdatmtusoheteheinclude the key
npl.e. The bindin ent, now assenpl e a_ h dro
CXt““B’GrP&Q‘dvaVé‘FPYa&%YS%HE%BE%QWI’H{ tafogﬁoogﬁs%gﬁﬁww%gom nes with
ﬁbrmI'.I\éka'lrlg fornPfHEIcNI afld BRIIthRS ¢ ﬁrﬁnéﬂlﬁe’dclbpﬁﬁmwn Nhe wound site, whereas
i pedi ng the functi'on of the subject's intrinsic
thronbbbhastm@nﬂamsov@ B@ﬁpbméul ta naitiafetthe/secert topctidneabove or reinitiate
clotmIJgnlgqedI 955%15(?(? ord ch%nrr]ee 2[21 if eregcgqt otsgt\g)ng)lrf{ Ijnldrﬁ% %#e{% and clotting

agent@itsuitgblé tat@ere Aose (S SitemfaDWOﬁmﬂ rmbleaghogetthﬁtgora@eﬁty&equue
i ncluding thronbolytic activators of the Extrinsic
pressysg {htap o rediesibe blpeding c Aslvarfageously| be yypuad §%ﬁ1@r5@p@ppwon ofa

i
it S HELS L ELOR e 0 IR R U oy
natura dibhnoges fautdatfthdwionodste Byothé blegdinp eewltotg iamebre rapid activation of
facili tes raélot.forrmtion at the wound
the claffipg pa ama%nwm@ﬂ@éﬁ? FP#i%orrbi nes wi th pr ot hr onbi n
U qht RydroR}BtelRBica %ﬁﬁ’&ﬂrﬁc@@ﬁﬁeh%ﬂ@x@ %ﬁﬁox%lyrlﬁ'vﬂl'gtdn@to‘? more clotting
clotting upon "sustained or recurrent” bleeding. The
agents m@g&r@d aha atf:rllmmcpangloagfgmlsglmdghmry)appln:gtla]gema syoumd site. The
e t.0 erd ou
prepafigh et of B Rk vy B B PP St e BRUPR BB ary
powdé@d@@i‘lhéﬁ@e &Iaﬁﬂg | 49 aerdd1 26N [afiRDRhaquédiR). WOR R rsaRLiBAS are

onposi tion of bi ndi ng agent and a clotting agent
appheért@w@bfstoal ‘mw@. SE&] OrERd ee‘ﬂtr?@%ﬂ dnternally inel thecyaungsity in the case

of dee%)PlelaI?&EH&gIor Hﬁ%gﬂgf& %8&%%:@ érI I)ﬁ-{ | vapgoaér% tsbﬁg%%nd sealant

eeding res re rap
formu]zitmhtmcrlgdqsaldmgg/gmtt amdrbmdlmgmgéntsl thius brovidihg e ghrothbelytic cascade

d I t I I t
acceIGgliH AT 0P b <GrE by ORGSO G gRRGre papplied as

premiREERAMERLBS. B wrRb LRAbOdiRRA2fhE Bthdif agthRIhQudiehk Yifbbolytic
application to a wound site. The preparation is

activataxp Higprabinfand ¢hmmbpplektig ekte femmdd smbpdmmits incladeirecombinant forms of

these §8§{nleg:?§gﬁt&%§e%§?ag§/or?&% m?l}tgﬂf%ag H}ﬁ'@ﬂad op #é? n, and more

prefelf@lr dﬁﬂo@im@ﬁ§ in2Mele APV d Babnicd hatebd M@staprmkﬂbQ/ $he QottiAb agents are
be i ntroduced |nternaIIy into the wound site in

prowqeﬁén dredonlyoptubizss form candzare mtmrlalbuﬁﬁmf féhringigempr fibrin- analogs
DBk, 1P UL A0 ZRREE 405 g i
wound isitﬂjtirwgnﬁgemtlst,he forosul piome ldelscnlgedahdsrbmofdn @kg&rhple adaswisedred
ac erant. to the wound Slt Pre the clottin
systerBgi D arly '8 eHReT APRCSB ARy atiiee BB hedcpanoparticle
preparfaBbgJ | Fdcb@Binahfp i A5dpBSs ﬁ@?%éﬂﬁ@ to%er furBieB AR 8 animal materials

agents include the thronb
as they are free of viruses, are of acceptable purlty, and have been proven safe and effective.
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activators thronmbin and thronbopl astin. Preferred
enbodi nents i nclude reconbi nant forns of these
WwW@bwbo125g1 agents, specifically recorrbl nant huneer/Us2005/026105
v e 9 [.re : .
%h%?z#g r’c}?@ﬂf)lﬁ}églfu e%gé Enﬂ/ ng‘?rté‘ Wil lf’ier &esg d%beg?lnaﬁer. In this
respepug béfereadodpjamlhg at lehxabohé l@b&@ﬁﬁhﬁofahe nﬂéﬂt\/dtﬂlﬁdietaml fis ®cbe

undesblogER Jhsingstions 1 BRI s SPRIcepR fo e ﬁe{afl%.g{)wgucnon and to
the aﬁﬁg@ﬂi‘éﬁ’t’sﬂ te c%ﬂﬁ)%ﬂgﬁs 84 G5 IARL %l%ﬁn%&%? ﬂﬁhﬂﬁ%d in the

to direct wound site treatnent wt I ons
drawiggs cTheiadertonds papablrof estenpinbodidrentsiantl of bcing practlced and carried out

. i cal | l.ocal |

i v R Mk S R PR P b EepE RSPl S ey employed

hereitR&@ F610the lpopObhE BEdcHpEoRAR mafde}foabé fg@ydéﬂ aBYilifihgd
natlve or animal materials as th ey are ree of

vi‘k DAy eject of thgpeesghtaipy antion is to;proudeja ﬁwéy pwound sealants that
expoAEHE 580 sl R s V1B Rl tAd, BT Rl s

creatd lhitice sesqeet,, stibrd a6 proewhsq and igartadlgiae bppd”rﬁlmtles all to improve and
Z)?lmsnt of the invention in _detail, it is to be

accelcipig Blaadetting BIOCE 5oy ARFbihe Capbiliic @f prionart waterialsiand methods.
aRRfokieR bbbt Jthé s&?ﬁrﬁf‘eht‘f'orpls t&g Lﬁcér{ciqs@er{)ac?éﬁlv{a& WOhd sealant
arrangenents of the conponents

using sdich omnapgritdesshatpglomecate irtd Ulsilmmhaﬁ‘il liyairdtedbyl theviignesus component

e inventio S .ca her e i ments and of

of bleB@P% g nﬁrrgs&lt 03 Highh Q@é?ﬁr‘?pé'o"fgfﬁ wopn Illa%us ways. Al so,
| tAnothet Gbjeét il Etﬁllﬂbsfd@ @Cf.ﬂg'l@éorﬁﬁlﬁleﬁmlﬁ'?@-Qkﬁ% Rfknd sealant that,
t er mi nol ogy oyed herein are for ur pose of the

when aéé@ﬁdpﬁrﬁeﬁﬁs %\fﬁbﬂ@l@éagﬂomtat@echﬂ@g af sitida a@ndpﬂmctkmg Slms to capture

ven v1de
e SR PB B8l AR TR ek g S
aAmatheh b@hd:tyis by stooidb ialone-stebl wetmdRad1aRaNkdt ii@hRdiately seals and stops

ypi cal rnfuned silica) to create lattice
bleedég Fe%‘} I?rtE% Capé IHAVAD Sup Folbe sarametedimensanseofbeingalomerated silica

nanop@Hf?:@E’sttHaﬂ'chélﬁsﬁron‘?h%erg thib r@é’ Slrﬁéﬁgloﬁglqgi!ﬂgé ate bl ood
clotting process beyond e capabilitres of prior art
manethenbkyectnsitomoidds onAnt@p Ineund b¢adart us:hg hhnmpart&S@-rdf silica that is

vention is.to vi de a . one-ste |ver wound
adaptpe RVt st PRl R mRp e eanate (e il cRirrepateh bandage,
foam, laBiioSolF, hﬁlhé’hifOYhﬂﬁ@pﬂéMtﬁﬁ@ %r@)hlilhg ARALEARDNTRPRIgNt  of
bl eedi n one result of "which is thixotropy of the
wdaather pRipeids tommovide s oob pten wound sealant oenisiiging of a network of silica

I ent / Si eI ivery.,wund seal ant ,t
nanopdUfs X AP TR ARC oA Hairts btint iRl SRB Rt i plivery
sealan@fto sihlidhomatesaio pad §ub@Iaﬁ6esl can bt bdded!to ehliceERMRd cells

and t her. bl ood conponents and to inpede their flow
Pﬁ%Fh%bJ% i@ HEPYIde a AR tRR Voung aeefant sontainingduinta rgcombinant
I I
thr"“’@'?%gi“ﬁg’géﬁ AR AT rale B8 kSRR Ejslaiit e R'at gocp wound o
intemngiddesdetger di mensi ons of the aggl onerated silica
arti.cles. that chain from rs.into a_t .

GRRSRE S T e Chtec T Shbnal e et S b ielegsed i to
provideRns s&p waindde AR candistip dfgllf&ﬁrﬂgﬂﬁfamc%s%sﬁéfseﬁ' ittt coated onto

that is adaptable to a variety of single-delivery
other mplgewlanwarehghspebentrof larperquartitle soasd zn;go d;nep the ratio of nanoparticles to
fluid apﬁ}e%ﬁﬁ@ﬂ@qgthuf é)@énmr??a?lngér)vc)gg Itlz\;}gi:e (%mfl %%BSSP%{V and degree of
hlckevﬁngl Su-.eh abmrbﬁtts may tielydedndrt MateriaRe f HiigPw aOrBIEding hSHRity such as

consi sti ng} 6\ net\/\iork of silica
silicaeous perlite or Vermiculite, molecular sieve alumina or alumina silicate microspheres, or
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nanoparticles, wth all the advantages and features of
t he singl e-conponent/single-delivery sealant, to which
woredoen1zhs and §,H95t ances can be added to enhaPCBUS2005/026105
alui‘ﬁi‘#f’é‘g%k!“@@ﬁ%%ﬂﬁk%ﬁh@@%ﬁfouk fod-Qctifafed %%cﬁvﬂ&? a%ﬁﬁas absorbent, or
wound seal ant cont ai ni ng human reconbi nant tfir onb; 1 ’
the likgad t hr onbopl astin to accel erate the thrombol ytic

cascade in the case of de wound or i nternal .
oG el B PV B Lt T YR Catlantgonafi ofq nevwork of sitca
nanofiir@eled tOGvEIe v &idus @xfee ShttideUattolsS cAlGuRAREENd, SsthfAgents, accelerants,
ovide a one step wound seal ant consisting of Silica

fiber SE gbﬁ@ﬁ&ﬂfﬁ Q| adsorhendp aptimirrolials, and atlrstcempongnss eantheradmixed to
l.ecL . . [ ticle si. 0. .
enhar g o A SR BB B b R R R vironmenss,

and hematotbgidal ecquirtinkemsa certain ratio favoring lattice
[ vi scosity, and degree of thickening. Such

formation, .
ab SO 5L GPISCHi O PRYIdidernerispmyEplerdoRonent wgH seglartrformulation
that iQhd @hmFﬁlﬁg 884l HadNEHorAS: iffeldcRAE BHS/BE He ({ognl%%%%nts while the

verm culite, nolecular sieve alumna or a
formugtidndairestedage.o 4 pbiberahjeat isstopronifima bnestsp efuitiple-comperdent wound

' r or.gus non-activated or activated,carhon, as
sealaﬂé Etgag ?1%% X P§eﬁgl rs%cfrﬁ%en]ln‘]%kaél_d tﬁﬂgf%?es gHF specigl pa iNgpndior storage
condifitngs. Arkithetbfedt Be@brRVideGONSIRE deRldnOfsir MEeMRIS Kvilf cost-effectiveness

silica nanoBartches to which various other clotting

superiop tq hakof raetheds desertherd amthe paior pitngent s, accel erant s,
t . _ - Cale. A
T EEN R

inexpestveapaterial Zsonh be invegamid slurdepthuslrddueingdbstypes of
un%%, P[&ati.ents, envi ronnent s, and henat ol olgi cal .
?‘éﬁ'ﬁf EARAEIS 1opTaY e vapne sealany bagedifppdarerntallyomengregparticles of
silica A&t FdrRl £p1ERPREGR dr@&ﬁ@vﬁ&@i\ygﬂéd TRt E @{)fli?}ptotxllggfnonh% movement

_not susceptible to self-activatidn or Interact
withoptdreigedamadged codiio pemiistredtinket dffatméso anybia¢ ivoond.s i n
st.orage...Anot her ohject ig t rovide a one step. .
OeET eIEd b B fiok S Ginynd scatafuSing 2in adiclesiise that provides
sustaifiddlegifg bt fhe a})}@li&hibﬁ‘ Site dRAY LDy MR mSRALI Blreform, permitting
packagi ng and/ or stor age condi ti ons. Another object s
the hapdling ¢f\sogtnupunen rrewed pleadingsi ng materials with
c I; . rior to that of pethods. ... . .
AR 05Ul B BRI S it
againgp s@nidud eraamadnnudyiag peasire (irterial) ORbingChG onbf to%itfebGvely stop the
bl d.t hj}tl%ulses I nexpensi ve rra,j;ierl al _froman inorganic '
cediggy g also (ircomamndaieigd vblies the shnsting:facton; ratyrally prasent in the body
fluid pRERMI A8 wouauhd seal ant based fundanmental 'y upon
nanoparticles of silica that forma pliable wound
dAssthenepjedientogppvided wonnd bealdne thabis anteffitientrtesspottivéticle for
venent w thqut bei ng damaged, and t ermt.
throm bV Fiskadegpod S and Noriar 2o im fatorsihal ey be icemorated as
requirédinfy M¥itidicd MM TImEEMi Ao fHG1if%k ARNBPEF ;Brbé‘shﬁébwéding.
silica that provides sustained clotting at the
afypothecebient istotnsovidea woundhecalant that is anfeffitientrrenepdravehide for

thromb& & r. ik %| . of contipuous or .. :
rom & e ARl S e B RS of BEb Pl St redinpmintue
with tledahding agimitng nanoparticles of silica that is

eff eﬁt i ME :
nother object 1s to use thrombolytic cascade accelerants composed of non-interactive
components (not directly reactive with each other in the blood clotting process) such that the

components can be formulated without concern for reaction or cross-reaction upon contact and



agai nst serious trauma involving pressure (arterial)
bl eedi ng, not only to effectively stop the bl eeding,
woiosal se1 t o Vac;gpmrpd_;;'\_t__g and utilize the cl ottPemUS2005/026105
forﬁ’rﬁﬂﬁﬁ%&rggdw #ﬁl@ﬂ&l@é&égﬁ%%gd tdkeef o Bgﬁ/enfté sg:ggra&rtgf‘ ?eg} ofdontact and
a wound site. Another object 1S to provi a woun
“firing8 dhesgysterthat is an efficient transport vehicle for
thyonbol ytic.cascade .,accel erants and various clotting
A s e S o R A R
preseht BitHEb6BALAPArt bOhEMBbBRtE Radchld, lhd: BFcSfoaRNAR1atiflly low, rate-
.. pressure bl eedi ng. Another object 'is to provide a .
limitigg, s¢a18 camegAtrationago sdo agrelsrdte cathertthan limit po seavergs the elotting
r j 2| erant s tha re .
procciBivellt BERP L Uhb eI AER SR o R alifandngpay abundance i
the sasiimth t he bi ndi ng agent. Another object is to use

Friic s AR R—
precu®® QoRbbintd iRvEINEd Qllbtgé’?ctﬁJaQF)ﬁ bf;}%a%ﬁ?ﬁcgﬁu}?()ngﬁﬁ%ﬂeg&%ulpplied by the

t he conponents can or nul at oncern-fo
body agheildingblockefonskot faranatiooms. speplyingiiase essential clot formation dependent

andformul ation . and. o' r wnictf'th'Bre is"ho need to
facmli?élgeﬁnscegyﬁﬁg eem‘%hfé’a%é‘? 9t t(':ébrfrlﬁ’tge‘f‘)e_ar of contact and
" fArotiRg objeleis S tiRTe (HBRbOBic BRcESd ackSlefaft SrePREYr Wﬁents be
.__.thronbol ytic cascade accel érant conponents natura _
1nvolberdel§ epttivagor hef the egscadesat gritieal sdte dinating stopdwich s would occur with
- : e found at relatively | ow,
catal)ﬁgt%g?sﬁ'rﬁ}?tlctﬂ}@&es%s.

ti'ng, serum concentration so as to accelerate

r dtriogrer bbjgot ik itoTplovide aseeunangslatitf@niprigéd sNBrdHB AR Ssascade
ver sus .hgse conpglnen s found at relatively hig
lg a

accelerapis sonnlisd pbsreatstithap physjolagiGAlPARdEions t he serum
, . : ritical

o SUREE oBRLERYR pEvi SRS AN P BRI B st acocleran
reageits s arsrstablé, iyeuinueetiatelythieactied iniduid formf inelwiSi@non-aqueous liquid
f gomponent s al ready supplied by the body as building
ormuys 1ocg's for clot formation vs. supplying those

eToepbhiedd thebcdindf dihéf&ib;dé&, fRReNAEHL isflﬁt?ébgrrs%m[rﬁ‘a‘?%&! Ufone aspect,

. (i.e. prothronbin or Tibrinogen). Anothér object is .
the inygpgion indudes prrQimg sealentsompesitide hawingh binding apeatiuclading a plurality
g oy ed in "activation" t he cascade

of rea VB oS po1 YRR vl P st Tho i BREGI Sestomerat

into swpratoleailat Mttice o€ hydropén-Borfle@ CRARESE si WAL SHdORKES hpplRd to a
a wound seal ant conprised of thronbolytic

eabBLRY o, squn sEalant_comelcel of (hrSimaine e
about ROY $1°8), qgiaﬁaihepaﬂgécﬁfntgﬂ? the’%ﬂf&l I?lﬁﬁop%ptjicefgsghealvg f;sgﬁfg regeﬁ%adgf about 25

,, @ wound segl ant wt onbol'ytic "casca ( f _
M'/g toabgetri09 Mgt Imaretisr abibedinyat, thewitich @inepartibico Bgtd artavierage

damel 4t 01 bRELLEL A8, RO SE5R1S L g mbesmenn e s

nanophrfi¢ R hh v ar &veRpe MM BTRbbEEChanbheRP %o ARREFH naddifeters.
i nvention includes a wound seal ant conposition havi ng

almAneHIch gspggle Hie inyriitiod iprayides gl dunhtdragonent wound sealant composition
that includes, at least a binding agent further having a plurality of sterile silica nanoparticles

having surface hydroxyl groups, and a clotting agent. The silica particles agglomerate into
supramolecular lattice of hydrogen-bonded chains of silicon dioxide when applied to a bleeding
wound, and the clotting agents accelerate hemostasis by activating the clotting cascade. In one
embodiment, the clotting agent is an extrinsic factor. In one embodiment, the clotting agent is an

enzyme. In one embodiment, the clotting agent is thrombin or a thrombolytic fragment thereof.
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of reactive silica nanoparticles having surface
hydr oxyl groups. The silica particles agglonerate into
W(smm)s/amshlecul ar lattice of hydrogen-bonded charcBUSH005/026105

o e B AR S BB PR Wi

fragmeit th&S6r. ah@ae emboARRNE thd £18Min@RBeH! iHBPorMEdastihfor a thrombolytic
anot her enmbodi nent, the silica nanoparticles have a

fragmentrthereef. An@ac mbagiment, 26 mtltlggtaéeréb'b@pmebmaMl@nanl thromboplastin

or a 15 Rb RS e HABRGh TR ML Y3 hbbRaRAnBARbLALE B IAYR 130w

microfRROIRIBIS] nﬁlﬂhgﬂiﬁ@bflﬁbttmg’ﬁgﬂit wendbout he ny dfisdﬂ:a nanopartlcles In one
nanogéétlcles have an average di aneter of ab8§
embodigieahriieronprosiBias fromahoshE} Brgostrms 4o ahan P0Q apeegrams of
clottid ehf;é( ??E%‘RPRE{IQ%‘% %ﬁéa dl?aggﬂﬁjuc %gg@%ﬁ@ 9{1)1 IH{négt zlgeZén(ﬁi‘iBosmon has
from ihuut @0 mivavgrags o phaut a5O trycrograsise»lf clogtirg dgentaper about 10 mg of silica
nanoparticl es havi ng surface rou and
nanoRg R, AR REOTAE L1 7 L TH AR A B ey G U Ha TR phggeter than
400 M?vg)rﬁrm'e %ﬁ%@fmén@tthé ﬁﬁc@ﬁarms%e&@ RaRONERFhce Bt abdut 25 M%/g to
i con di oxi de when applied to a bl eedi ng wound, and
aboutt5R8 Mﬁ/g)t Ini ang eagy@dtmené,ct ebidieananoparisies é@ﬁ%arbayverage diameter of about
activa claottin
0.1 natnﬂgleaelr Eﬁ %}g)ﬁlg IPQO 1 qomeéerg nfex%;%lgﬁagldlcm ?q € gl'l'@:? gérﬂ)ﬁg}tmles have an

avera@ QIO e Bf aboub € neh&hétentg abe@o ﬂaﬁo@@teﬁ:ﬂ zyme. | n one
enbodi nent, the clotting agent is thronbin o

t e ansbaryspest thaavention Mayideta mathed of o8 hléﬁfémg in a mammal
compl Sy EhEAIA 8% ARl S BERLERFleclTS T RHENRA sy o

the Wblhﬁi sehlaht cartg)oag&ntdescmb’e&,rthcl‘ebapinhﬂilmg the bieeﬁmgdmm thet weund and
nt t her eof enbodj nment tting
optiong i ing Be G Rare R Al BB e Bpicet
t I oRRdesp&et, ftﬁ@ﬂl%ﬁﬁont ﬂi@(/lﬁé’s}c a metho@€ nRRRRH WHIHJ sealant
conposi tion has from 1 about m crogramto about 1
compagitidn gmmsang, obwirtingg phlgdrw 0f)shcaamvamglewlydfowlatingahe silica

nanopfaﬁbc%) a%rbdft%erelgngﬁ @F%&ﬁlgﬂngfg Sé Ezgl%nggagtuﬁg 0%@31?%% a wound

sealarftlcBinbbdifoR UBY hdRKingihe WteriliBed By ddbxydated Sitica nanopartlcles with a second
nanoparticles. In one enbodi nent, the conposition has
comppynshsush 8y an xsupigite siyfackant.rgetpanandibiptisi & ARPHAFRL 8R enzyme
JRE f
mvol&eléiﬁ% tcgo?t?}gi]% héno%g&gﬁr%%g%éﬁg afl anﬁ%ég'tlg,laqc%l}éfgnctlonal short-chain
moledmdmmpdlatmarﬂam hmoaas ambodih®os cxfrfmm@zitlog:s ardt Iﬁovmlhda.nlmm
/g. one. enbaodi.ment, the silica. ave
emboirs b BVaRIAR 10 SSGOEBE fodht SR b A s e
nanofARE1&TR ekt gent B 0Bk binbadiRRAL AR dibEhea MY@aIﬁ&trmsw factor. In
aver age di anmeter of about 0.1 nanoneter %’o about 100
one emhndinent tis clotting agent ibardénzeme, Intdne emblopimaﬁnt the clottmg agent is

nan ve an.average dia ¥l of
rom e oSt Rt av el Pl agent i
reconibiank AR tlmnpm@ﬂads@na)omcm@mht thﬁhdobl Inl cﬁ@ dﬂhlﬁﬂd‘nﬂ@ the
in a mnmmal conp rISIn%u ap lying to a

clottingageatis thrayibaplagtimeiedrerabalpimagagnt dhreatt .I%nwamdlwnt the
.8
com by R a8 AR ABTRD Shk Y SR ot 10m

of silica demglctdse Iic bt dzmbtgixmalstcﬁ)deomposmom intugleh Boosdbast 0 micrograms
o s S SuEaBh s LRATBCRE SeeCh [hE VAL LOR . 1o
emboﬁm‘t)sthé in@@ntﬁﬁﬁﬂélh%sﬂ%m @9&@'100 A crRgRIm t8labbit 280D micrograms of

l'ica nanoparticles, hydroxylating the silica
clottmg agent per about 10 mg of silica nanoparticles. In yet another aspect, the invention
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nanoparticles, and sterilizing the hydroxylated silica

nanoparticl es, thereby obtaining a wound seal ant
W_quﬂgqm'ﬂ‘i.‘gn_. . By adm xi"gg the sterilized hydr orgt/asmads/026105
proVsdi'QS!aq;Iodtﬁhﬁﬁéﬂiaﬁiﬁfﬁ%ﬁ%"e“Wi heﬁic&ﬂ@ﬂ%nﬁﬁﬁﬂ?!ﬁ?&bﬁiﬂgg veoun@ealant
Comexcg&g)l gﬁ{e, .a surfactant, a resin, an antibiotiC, an

BEEEH ,rel%weé’ﬁ‘ﬂﬂﬁée?lw& %@bquottrmtmgmcmmmdingdm a subject in
that &rdrhete : ' iG. f unct.i onal ) )

A RO bEDRLmARRR and ol LAER hiicd R N LY 898k subject having o
Wouggrhodi ments of fornulations are provided. In one

e ' he invention incluydes conjugating to the
o o P e o e e ortin o
reducing bleediggdgams wouid @ﬁ@inmﬁcﬂﬁwﬁ%rgg#}%e@gl%g h@%u% AL of skill in

th is%‘.?]n extrinsic factor. In one e
© agh thﬂgzeélgaé rYeterigaryrapelicaions arenpplieblentitdiwenid,seilbfs thus provides

vario:ﬁE gr{retgg@l.g o?ge%gfl%iing R‘E%ralg}%% {nn’ ao{ull?gect Ptfqn@gﬁycgg%ﬁ{agf r;etgfte various

formplatiombinolarie tdpiabmwotidsp dédper @busst AR ih GsibAAGABAE others.
Accthier&g&‘ﬁ | n one embodinent, the clotting agent TI's
PRl digIvaRpysAPBficaiions ph s sYapnd sealantyimehide flnstraidind triage
applioAtR NS, A GhdddAl it rom ab 1 . .
PP m crogramto an)JStQ &feﬁr?@?géﬂd%?%gﬁﬁ@ﬁ?tﬁ%ﬁ 033@%?%@# mnvention will
becorp ghyionptorthe exfadei dridgbisriatandedrihit thess objebts AR advantages be within the
conposition includes from about fo

' . 1 h
.SCOp@mHgg{é@‘%Wvgng%%ut 500 micrograns of clotting agent

m cr ograns
peFo thbacdondflishBeMf ofthd Abode BANRRAED SIGLES -thikh :
- Sbodi ment, _the inventi Qnei ncl udesb@%?ht%%c%\%gﬁ%may be embodied
in the fopp igsiiated iny themeermpBYing dewipgsmtentorcheig énBdag ttfact, however,
that tﬁheﬁra@rt}%%re]iﬂu{fgd&f Oﬁiyl'l ca nanoparticles. In yet
e COREN

anot h aspec nventi onprovi des a process for

mar nl Mure of a nedi canent conprising preparing a

wound al ant conposition, wherein the wound seal ant
Descrilgt'%'h?ttstz‘ﬁngg‘fr(?F treating excessive bleeding in a

S BDG eCllusiatb ik bldodR f%:h tashsgpand clotting . .

when applied to the \?/(9) n‘ri sf%g&g?' g%gh%f fmﬂ‘é@‘il‘#@’g‘ﬁnm
pathwigiss ¢rg shawie wound seal ant preparations described herein

h lications in_.aneliorating or reducing bl eeding

f ?lclﬁn %ﬁl\%%taéé% t@ Fipde fﬁc%ﬁ’bt?é% fINgl§cemppagilt yvound seadant, comprising a

prepaatidmofighirengated sifikd hindpBriiche (ﬁh?mgag+ntf_eal i ze that
I Ca

vgiﬁrlnary apgl ications are app €. The wound
o T e A i
repatd8 6 - ._..The n reat abl e by e
P ouﬁsﬁi (ZX rlrﬁf(g?ﬁonéﬁl%h%rlnﬁgg a'\ﬂl\%gﬂ‘ 8 d@sihad vaeapeslotting agents.
wounds, and surgical incisions, anong ot hers.

ceQrdingly, the various applications of the wound
Deta@eégﬁ%sr‘ff'ﬂ'l"ﬁcl ude first aid and triage applications,
aFst theehtterahl mggg,@% S lects and advantages .

.. of the present | %{ﬁ o V\ﬂhtﬁF bﬁ@cn%e%tb{fi OrPrisg 9&%&116 fumed
silica naggppsticlgni shortichains withdedividaitsut fhesfeARipa6 S o@¥hH0 square meters
pergra%‘[j‘éﬁﬁﬁ)?qur%bbe im]t t(‘ll n.the scope of the present

Rvent T on R §vifhindiy prichs sizst apymalhes afsovmanamsters in diameter.
Such silich pheidles AfeSsb8ucel by Set dpyiEbd NG REL BB 64 LR the .

i oqrdgw i.llustrated i nmyt he a?@or‘?g%ﬁyl nglhghr avi g common is the “fumed
stlica” RrauRieoisciiqurdycGatiosdhe ‘ésiﬁMUﬁmeroduoﬁﬁvebhni?My Efkén, and

imi ' [ .at i .only. i pti th
Slml?argji'rg%idrcfe]s.gﬁorﬁro%& L)J)IHB&I{I(?S IMgdlgaq Jade?&%gé ISi?iCS!l thr} h(l)iman uge referred to
herein is relatively rare (e.g., Cabot sells CAB-O-SIL grades M5 or M5P suitable for human

applications). For other applications, whether human or veterinary, where medical grade quality

Is not as critical e.g., life threatening trauma or battlefield conditions, the use of Cabot grades L-
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FIG 1 illustrates the bl ood coagul ati on cascade. Both
the intrinsic and extrinsic pathways are shown. FIG 2
w0 bdoosiasat es t he m)de of action for a si ngl e CRIMUL®NI/026105

90, O P e BRI 35 e B PR B s Rhay s Al grades fall
withir ﬂh@ran% eldfob3ish 3\’@% fé?g%ergﬁgﬁc@éreﬁ%és%nf@m% 339 @hesh residue (44

conporent woun conprising a preparation of
microhg)da eixy leas than D0 nmmﬂmmldtha&‘t eppraprapté l‘ﬁamﬂvmﬁyr@g@ phemistry.
ottin cri

PR NS Pt oS E T ieay T e RITE ARy hydrony

groupk ﬁreqﬁ&maeé o tef sustaee bf Be bR, ThisireieRaine particies hghly Rydrophilic,
short chains with individual surface areas up to about

anoth@tf@atgmthateson@wsr i witirothgr sanventigngsidica maipropargjctes. Two types of
hydrorﬂl %o%p gpn%r tl@hdrgdlf’cea gﬁ Ft)}?es ﬂ?el)f I?a%oﬁarftl S egf? g&bﬁfeﬁ by the

S are pro
fume(Bl%Vlﬂ{@he Pumeesiies is prodwded o htyl:iﬁﬂymsdf stimonetrdchloride in a hydrogen

umed silica" production techniq
Oxygensﬂqmecaé IR0Prdegrprsde i HeShgR A la%glsgsziemq?ﬁﬂ%mgﬂch upon

conde?hz{r?gb c9 %ﬁ%ﬁnﬁﬁé&%% Qf#facC RURBRY] ouﬂYE@bge?{/eﬂ)ﬂﬂ@are two two

|ca uman use referred herein is
types béhyedrbxoel‘s yisalateé hydrogyl, gr@gisoritts®l MEOKD&BH @aSirha g BP€<snivb which are

iy AT AP GBb RSl Sp D) rat ar o
hi ghlﬁﬁﬁir@ﬁhh& WQat&lﬂ adsultfrdn® tHéQire@ﬁceCdﬂ HyldfoXly] Srotlps attdched to
hreatening trauma or battlefield conditions, the use

nelghbqsm@mfiacgmhmatm@m@ syréace density s hgdrogy! gpups Gend beetheoretically

o 3 A G0 L P 308 5 A AR,

the av(:?a%e lt@rﬁl& @59 4 hdrekyle peespatecanoh@r by clomeitalrand tierthogravimetric
have appropriate reactive surface chem stry. During
anal}’$lﬁe fum ng process used to prepare the nanoparticles

a)ggég(?’sléfba%“?nﬁy ﬁ@\ﬁh {5 QiFidSe ?&oﬂl&%ﬁ%aﬁ&pﬁ@ﬁs as noted in

IS renders the particles
Langrhpg IiD;ZébWQpZﬂ(ML Gole, Hnet die it haabapassibleatb admst thasufadetoxidation

W ot her conventional silicag m oartc
states i SUSIA TRGRRBR T H5PBOLS QAR B A IRicd oy e stating
mixtupé! Wsae‘iﬁmﬁfe DANMRA O kel 1880 WhSia/N0ER Qﬁeeﬁarﬁﬁg hhigrufdrmig ¥/1eld
techni que. Fumed silica is produced by hydrolysis o

nanomrthqlesanoneecaca@h roth gbenahichyHipdy atjen resryjefereseltingin fpe tunable
00.de ich results in silicon dioxide
avera%?uégaﬁf géﬁ\?ﬁ?%ﬁa ipon condensation produce
n %‘I@@i[ltalt@éﬁ‘ﬁedfdtidﬂ of thief preferioy dimbydiment oflthis. 1nﬁiﬁleﬁV®dtam of its
IR are two two tépes of hydroxyl s. isol at

charaﬁymttfﬁynd §mstipas shorld berexalaitseptibsh Mﬁrﬁr%thStbﬂéfr%ag?ﬁ{ ipstantly
aggloﬁﬂ LA oxy iffo% mgg%g&iﬁ%g{eg’p&g %'gfa brit, %{ 91%6%% ?nge:a'e éﬂg{?\g & silicon dioxide,

ina ldnmgahﬁoym hiyad pophiddsiaghre? ldemémaidnel frareswidrk for clot fommation with dimensions

vl SRS S ALY B LGNS O L GRS o

waterPr&eRSinGRb 1o End 2@NH OF tieak duhdaste Bhﬁﬂ&lp’&&s 18 tHWFERoM of the lattice
groups per square nanonmeter if all silicon atonms had

thus senanghiper pHPoses: trhteetdnee@mmh@éwp domaration resaltingtip gmell poxe sizes for
entralgﬁg]tyg Eg)rog O rEri‘:“ctlc()é‘t{m ¥ac?or§ Qﬁd: f%w %qutrgl,h SIdWRE laélﬂsgﬁ)ttlohfby

hydrogen bonding as part of the lattice structure itself) resulting in thickening. This lattice will
also cause the fluid to become a thixotropic gel in the absence of sheer forces, therefore serving
as a flexible wound dressing that continually reforms itself in response to sheer forces and the

availability of additional body fluid at the wound site. Though the binding agent is by itself a
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It may be possible to inprove upon the surface
hydr oxyl ati on of nanospheres as noted in Langnuir
wQ@eaees262, 2004, CGole, JL et al. It may be pRSHU§H085/026105

use l;ﬁ-]ﬁg ) égsfgétf és L? %’ gﬁ’ é?an?Igg 1?(%{ glgprSttl%te %grr{e? ofS oélgri c?mponents to

enhangg{h%l &hﬁ%mgﬁ{@ééaﬁhggﬂo%’s%eé n the starting mxture.

vari ati on the ratio of Si4/SiOin the
stThe bmdglgngxtltus ﬁlema‘yrqa sthrull-alame pingle- eineponantf single-deliveyy sealant

t. t h I t t
comph S SURASP Ol PEEROLH) TR TSR et FAHIALMel P nanometrs
in diaf@fet, ant Zhfe SRRICE Srotips 6NhyroXNeany @lorines dapsbhoo hppindgenfbonding at
this invention, certain of its characteristics and

the site@figpplisation hHmerXﬂérevml asg kray/n \wiEfaty piaigles gnenjhyanes in wounds
|
with tg% %ﬂg%e@%ﬁ 25 ne({l@tﬂ?lé}facg(%g . ?%@ rh?&x%%yf %{Bg%sain a %unéi produce a sting
reactiGawig tofthesdalibtivodlkali. dxithie formulationaheweer ftbe hydrbmyl groups are found
provides a thre qul mensi onal frarreg?rk for cl

on the S FRRTIGFE iV G SRSV OISR PRSP GIEIG Bt fp pot produce

the stﬁgf iby Qtntﬁé %voﬂﬁd SiYeAoVis hewa Ml@lfcepthﬁl%;yﬁcgd SeMAratidné that require
ary he water present 1n the and serum of

additibm ef aoativoh es:chaengp anatérzl paefésst the sting reaceen (2832%419643) This is

e G e e LS PRRE o S 3B oo

1mme8ﬁ§e'ly?‘9ﬂ€§t6§ a YebTb R tERNukB homdged Bdrdinpahhtitp povaded a matrix for
| ow control; and water absorption (by hydr ogen

clottmgmh m@ceaéhep?élu?m@fcommnﬁmolf thedblaqd thioyonicy Eosréﬂﬂe flow, in addition
I ce wi |l also cause

to the # %) plta {életéglggﬁg&g&? Sf &%P ﬁqg fﬁ&{,}s in the absence

Ofsllﬁdaeﬁﬁ bt asies, loid@rshbnrchaiae bﬂagggomamdmbmopabio&emugldg in

dressing that continuall refg1 n‘Fl s(gl f in response
surfaqereafEQIp 2P SABAE MEHIS PHST é? FHBs- W{f fAURERSEteEREF gram or greater
but meéd%refeH’b'l}d 0 stqtﬂgre"iﬁé{ag pot &@m. TRUREr: Q)? n@t'\%?llk EnRe6Mis

ausef ul wound se'alant,~it'is also

deperﬂemt\upnn seneraldactomstileat aen by eonteatled enhayﬂhrougieﬂxecfmdm and

to nhanc t he, cl o% and vvoun

compyfheiEs Fdily RHAL Of S RE o1 1 B ebaride Ao HE T RChraton and

grade%fﬂ%@’a&ﬂ:‘l@&ﬂ@@ﬁde&hﬂég danéiRlonyEietwsRAoaNAtiROTRE pedes afd
ilica particles, prepared as a sterile nmaterial.

concentrets@s saribefl énsthig patent have brsn chﬁtdetPé’quh Hheathb trethe wowgd site is also
h
1mp016$1 ﬁy It og%%?a[t) :H‘Pf 39 t(?ﬁ f‘cil#r B&RRER pﬁ%b) %he

NG~ a cation.
1soledtb’cﬁ%&ﬁtyﬂor gadpdiva & @pkd)@fdmteI}OZ B Mmetealt & eﬂ)éc&ﬁ@lllgmeutral Most blood

ranes i n wounds w h the s cPsequent rell ease
samplep BaYe g Sfbsté’_fe&rlﬁ.anﬁr9e$ fATBRA digheaiprsin a,blgo Me is also
1mpo@£r9?ﬁfe%1 rﬁ%%rpgl%ilfl@iﬁ%%%cm ﬁﬂc IQanB iRy Brivfatd! ik @vhound site

owever, droxyl groups are
routifebuassures theH drasi-in’ oﬁawoﬁaﬂmdmﬂto hlnegatdmiehm oncezappliedasapowder to

to gttract and entr telets fput do.not produce the .
the ST $8iet FUHUSE PRI ERGTSP D e HsP ST Aot R et Muia
formARI IR i a 1K YR& e BE SRR6ES fl@AFronh e wRfhdii§ @rad@dhiol tROadhixture as

a cation exchange nmaterial to offset the stin

solvent@a'@pwr@ws (@00@@ skinggrfyce abave thegvapng sl agyripg B&m@mealwerswn-
LG aafESh NERES T JORbiap 804 Shath. bLACHS 1 ponaaucous

low hb&lfé)"g&gbdihdi)ﬁglﬂqLHG ot elvenvat inypronvénason frioat urider 0.48%6 to over 99.9%. It
clotti ng and makes i he aqueous congonent of. 1 he bl .ood

may g ook pffsidavith Ronsliegent NN TR SRS PGPS @PRAS hydrocarbons
(mme?'cggo{llz‘riéh'e% Ofne LA i e85 th¥iv Jlinfl 8E4A% SoRul# bl bk RBadsorbed to the

nanoparticles for ready delivery to the wound site. Upon contact with highly polar water within
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Silica can be used as I ong or short chains of
aggl onerat ed nanoparticles ranging in surface area
\;Vd) rz.rmi?i%mquar e meters per gramto t five- hundr(eﬂUszoos/ozmos
j h 2 b e ferabl
e gyt NBUET SUabhole el gale, Bubo TP0E FUESHRM dohange for
nanoﬁayh@hy@ngcmboi&lmgﬁdeﬁtenmﬂacmew ertad Wbaldt}mlpsfabﬂh@dte dpersion of
g lJed ei t her {)hrouhtheforntlglatlon and
woun &ﬁaﬁs ﬁ‘aewu%asmg bt aRalgesicip BT Piask medcations; e Binding agent
can bel8eliveedVAsUOd Yrolider, 6P LRS- Afue Bt | ‘?’(g.ﬁld anﬁgte ?Ean l&e added to bandages
nanoparticle influence three di nensi onal networ
as a nppragRequs gel, Thes @P%@% dhe bmdmgeigbnmamdnsaddmmdrwilﬂeai diyninert carrier

such és'lhrﬁd&g& flmtllar férl cgq??d;(ﬁ}tg 8%%\1’3?_@8@%1? 18&)( Ay ctomi?ptlfmgl wound

dressmgrﬂianer&ll s suitable, preferably between pH 5 to 7. The
isolectric point. for nanosilica is agﬁrom mately 2.3
Ee sificy §af@ﬂ°élékc}q8c‘éarloys prluple o insply bsrr@mcswampuue@ly occurring
S si
short H@a‘fﬁgﬁ;ﬁ%@gﬁ%?@%é &QQ be a%c?gt?igtﬁ ) egﬁﬁﬁc%ur ﬁ}y foh Acf{faough not
requiriag dordpitice f(n‘lmyom,fthasse amiienefbs sy be antreppod aﬁmimﬂhemtﬁw itself further
i.n a. wound site routinel ngsures the 'draw

strenglf¥ie 1 ReH RN Gk G CHAMELAR A RPORS (GHBEA b b Peing sross-linked
silica B@WRGOri. MbReiaBMertby ThlospRSR4 66 ?efgl@ggéjﬁlgﬁlldéﬁgt %‘@Bbphmlted to:

di spersi on. The use” of non-aqueous base

cross-{igked araenie Ascationigl podyasfifieer pquaacayslalacdsedhlcsulbhmmateﬁalc(RAMS)
ur.e as.solven

lign OSLﬁgnaor ap galhép %ﬁh% thetrl]%(ﬁ %ygﬁﬂdf%é)gfyg?fs{?é‘yiﬂﬁgn‘?Mnﬂ% qrguberin

di gestasﬁp]mnngatadelqnahﬁﬂlgl oEP@Fing PBlyeSbRYipdd)( Q-Gﬁrgtutaiﬁﬁle)b §olﬁ/merlzed

ied as. @ powder or as a coating, of blend
humag, g‘ﬁ“@w@wﬂ@ G%Wlhy@mgéﬁpleﬁsmoflﬂgmm 4ilse guldanag ehd ﬁmfuagal polymer
9 t
sclerorgrll%arg %gg ﬁgﬁjf@i‘tyen %x{rjﬂh%?i‘toﬁ %ﬁfg)%e_ I%i}%sr/ S%hearr]fa fl ed(%ran and the like.
Protem@t)b'meas mchudoiy calagdni alddibirinoparcaro alb lm@éﬁil (mneral oil)

\.f.\@ t her adgl tives in.the wound seal ant fornul a
8‘&56%%‘ APPNIGI AU BT PSS Inksd pelyamingdpoly DADMAC, or
1 1I hN&S (Cyka, tlte YOPRRFE
s 1, SRS R GNP
mordaﬁﬁ%@ grg peailaple ida| vavietyed MW’s hfevai'j'mg crispbsige lignmxifitange naturally

to water, nol ecul es
occurdf GRASIPARL UL R DAL ASB REGI0RL! S BL S Tl SEHLS by varions
procesaebctinidiavesseddnl afins fera§ hhd &ih@iSect 50l ABRiIves. STRYy Qchieh polymeric
di catjons. The bindi ngaagent can be deliveréd as a
1

form fallowing digestiomand aie hysronhitie aedars usedes ajih@aws, bindetstandan
oeanad U r.as a
seque an e?ﬁﬂh{ﬁ& Eaa gshn@g‘ }gsggc HH@ se% ‘g W(%H:s.a dry
| ﬁbpa ngwpaitieles §a)mha &Bed dlhﬁ:nsmnalaatﬁtmétﬁbrmitﬁ‘lhltﬁé fluidlof a wound
oat ed 8nt 0 or .incorporated into any conventi onal

samp I?/\%Yfﬁ& Vg canen gf Rafigleimass torluid yelume fatigs. An et ofiesecss bleeding
or excdks Flufd/st a&ﬁ:’eﬁ Rloan@sitd ﬁ%‘y%@laﬁvarﬁé/%%hﬂo rﬁlxosrlllé’aq{aﬂé@drjugle dry

occurri ng short chai n nbnomers o
powdep #ithpthes materiaky &namae fumctignyas Mtdnabstkirbdfmsjmmtmty secondary to
f t t be
lattice li’cﬁ'ﬁﬂ'n{)r? go dfa\?\{htt#e tﬁg ¢ up g{ (Iégvrlltihgbt] & e Itfgirllda{le thlckemng of the

samplestbrfwgtatbed”lbﬂtlgg bhenkeRingethePkdximity Dif Eéhqgﬁﬁén%gor%uﬁ serve the
nordant (cenment) between the cross- silic
OPPOSiFe RHERRRS oK InteatosAll vk keeping the yonng bYCb@fleél(‘@dt) lby congrfod thermoeisture loss

rate. SudTlcﬂrH%ﬁ"t %ayaf) Elafly [Eetﬁﬁq ‘)an \91 t(larisig' t &krgggwpgﬁs{g rate. Owing

or catlionic m ne or cry am
to its hightsarfacd ar(saPAIhB)y be advantageous to mix silica nanoparticle powder with various

conventional large particulate water adsorbent materials at varying ratios to facilitate wound
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I i gnosul fanates; hyal uronan; synthetic pol yketi des;
polyhydroxyalkanoates cutin or suberin digests of
QMMManterlal (naturally occurring pol yest er BQT/US2005/026105

o S S A TP R AR TN R s

volcahid @oéku RORIG0D%! WATBK abS6rpEbRA. I Wieddht); naaﬁaytre'sklphﬂded vermiculite (220-
occurring non-edible polysaccharl | i ke dextran, and

325%x wiagen abgerptipp.opayaigliof-prperéing g@ldgnﬂqwbéQ:IégAnagbns@adcross -linked
agarogé ?erlé ﬂl%ﬂ%@ Sg]élfadg:!r(@%nal gf ggdh_afol%]%e Jrnlﬁlgﬁ?13%/ gﬁrﬁqgééllar@?e%% rp%lvders such as

Purm@l@ W\AME sieve aimhiy® @ yluihal gel§, O takenink Biticate SUBEM)used in
coul d be used for flujd absorption or to aid as
deodqmta wrence Labaratorias) UEP ceppmc @gprog?}yar% zem},geso@nd/or inactive or
| ty, r
A4 SRR ) BTSSR AR DRt e and
conmemMcawmemabmdmgwgadspuIp by various processes and are

d i ndi t. f ddi ti . :
B33 4 A1) mEr PG GG POGF REBY BYES AL Rave specific
rheolo%ﬁ&l B]Ydjﬁ&laflielnt opBic@r ’Py;ii§a¢‘§y1ﬂ§etﬂ§ﬂ@i§§ﬂb\éﬁ§ su@i ;{é(i%? IRBfhational's
sequestrants. aluron 1s a GRAS |inear polysaccharide

Versal Sdminpmeayddrast(Aci203 Bisp caliedrashalyminas ereexamples, & additim to UOP’s
molec%a.'?@%%so@ﬁlbf\}gb&rﬁe etwork within the fluid of a
i de range of particle nass to

f IAlslad;mg)é-wmpdn&ht/slagleld&lﬁ/h@ sgstem thefmr&mﬁge@g‘enbb@ddctdﬁ @n immediate
xcess fluid at a deep wound site it nay

"freezg o ygenbiod doj duedp s &faxquwp%fquf 4P ey >aq1mae gpnstituents of the
blood‘@ﬁa& e fon B L &Y dbAthBrid {1’19{ ¢ @ﬁﬂesf lﬂg&i LR, @'ﬁl MR E&Iting clot consists of
ry to’Tattrce

sorbents as an activit econ
a synthetromwiourshdressirfgatbat suppares dohtanm@ﬂcéotdprmeftiohl (ihe fluid &f the wound

the wound to aid the thijcke Ieto
contaip BpHgeEdrEy Bty bR N g or e GRTAIDSE ith blood cells and
plasm@ IORNERE 811 Ofhef OMttthgSRENYA drfliBarPPRRSViE& %“Bl@@diﬁ‘g,%fnd collectively
|ntent|onall keep |n%]the wound” hydr at e
acceleg@pg pr@narwwéotrf@mt@ne he skt mall esformy ehnqyﬁsﬂ@er atuegstyrlavel loeen with
dlmel']?l%BgBélgw %eé?ﬁ;olﬂ {ng %’ lengl V}{'ecré%(?:rq?ngf:sgalgl}%gg w?unrc},a?n(gl%leedmg
dmnnddwaatﬁg@nmpﬂhﬁeg1x silica nanoparticle powder wth
vari ous convent ional. |ar (T:;e particul ate water adsorbent

it G icqbedimentsgoptaiping gloting aggnts 4be samelagticgdormrtioningocesses
occur "’W’ﬁlpthfetsh Qr 8vaé‘f%gg?gg{3v9€{ rSthk ogﬁbﬁi\? a{i‘&h&?of élgﬁlﬁlg BHRY such as

perlite (16 i caeous vol cani ¢ rock;
huma2 3:GoBbBRn el biging abmpomnisoisomecombiation ofthounttn thedmboplastin, or

verm cul .(220- 325% wat er .absorption, %
vario G ARGREopt S el St Bmicadiy SeonlGT 16 WORBob cascade o
produéd #Rthet ﬁﬂfﬁ@véﬂﬁft WS eI oT Yedh fél*?naﬁ%f? BAER60RA séfelg O|The clotting
Sephar ose(r) ; thp{gnt hetic nol ecul ar sieve powders sutch

agentsgaye pdinixst (leh inding) agentsj anadsarbedviorths swrfacalof thermtnopartlcles
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preferential binding of the hydroxyl groups on silicon dioxide (binding agent) to the more highly

polar water molecules as the basis for web formation. This allows the clotting agents to be
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WAttty ﬁf%licﬁﬁ@ﬁ SBhe &%uﬁmte, evaptoratlon (quick drying) takes place leaving a thin

film on the surface. To facilitate evaporation of product after application solvents include;

acetone, ether, amyl acetate (Banana solution), alcohol (methanol or ethyl alcohol), etc and

various combinations thereof. A variety of polymeric materials can be used in the liquid phase.
The following are nonlimiting examples of various cellulosic resins that can be used:

cellulose nitrate (nitrocellulose), cellulose acetate butyrate, cellulose acetate proprionate,

cellulose acetate, cellulose proprionate, ethyl cellulose, carboxy methyl celluose.
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thromfboplabtinhoRgEMRtis &Qiﬂsdrﬁed“floqgo@yﬁmétidnabﬂ;oﬁadh@pﬂhbllecmlesor non jonic
Exanpl e Two: Liquid Bandage Fornmul ati on_Two phases ar
surfagiarssiage dhe RARATPHQILVEEN PRLCLH 4 UOU%ﬁl@HN%JrlgméF&‘ﬂﬁ% gelcase clotting
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fon1s stored a s a orrponen IS
highly polar water available in the ambient body ﬂuld This will result in the preferential binding

of the hydroxyl groups on silicon dioxide (binding agent) to the more highly polar water
molecules as the basis for web formation between the silica nanoparticles. Preferred liquid dual-
component wound sealant formulations include but are not limited to, having from 1 microgram
to 1 milligram of clotting agent per 10 mg dry weight of silica nanoparticles, from 10
micrograms to 500 micrograms of clotting agent per 10 mg dry weight of silica nanoparticles,
and most preferably having from 100 micrograms to 250 micrograms of clotting agent per 10 mg
dry weight of silica nanoparticles.

The elastopolymer pyroxylin resin will not wash off for several days. Additives can be
added to the admixture, for example but not limited to antiseptics such as 8-hydroxyquinoline
alcohol and iodine, etc., antibiotics such as polysporin, neosporin, penicillin, methicillin,
cephalosporin, erythromycin, vancomycin, gentamycin, ciprofloxicin and other broad spectrum
antibacterials, antifungal agents such as terbinafine and amphotericin, and other absorbents and
mordants as described above. These additives also work well in the dry formulations. If
required, the liquid formulation can be sterilized by gamma irradiation or other medically

acceptable liquid sterilization techniques.
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desueti hﬁhmﬁtﬂhéﬁrﬁeﬁmdﬂm\ﬂn@fxadl amsﬂmmubmand aperatiorushowan dnd described, and

solvents | jke ether. and al cohol . Aft r_suit
sccordingly el SWnHIS P GRIRT X VAT PG RGBT . 81 TEhg Within the
scope %i" {k{eqpvé?ltﬁﬁ ml"ﬁisri ludRvdSohd dbdadhet® ok iRude $18 vafousr
ication e wound site, evaporation q(naw ck
compcd;ntwnrs ghd tm:kt&xis pbmubedl @ethe NgrltaJStam mfer¢ricas eited angdhus incorporated
aci.litate evaporation o f product after
here"&ﬁ'pre?eéﬁ"tcedﬂq?gle\?gfﬁ% i ncl ude; acetone, ether, anyl
acetate (Banana solution), alcohol (nethanol o r ethyl
al cohol), etc and various conbinations thereof. A
Example 3 e‘ﬁlpt@“gsn@lyyrrerl c materials can b e used in the

|'iqui drp I?I%ﬁ:gxmn-mﬁe Lok % ?oﬁl%uﬁg% 'dg%hb@@meﬂ)?dﬁﬂh@ §, e

f various C U|OSIC can e use
follovﬁﬁg hdﬂloﬁcﬂumeérrsatd? Wasi ci)ndumal Allibarsielpants Wdrmhmmeemhydtealttldy normal
t | t at j
sttt b bice g bR S R e Db AT U5 bbb Fepending upon
the de‘;(%?l%f)( E'?#Wlhuzﬁ% thttaie rlgﬁ'teorftﬁé ieﬁ"i’bféﬂrtﬁ%?cd]@@{vhﬂhiddnﬁ small
exa vari ous non-cellulosic resins that can be
needlmieﬁ ‘WP mh@dmlsmg adencet mwocthl;sate spiteandugsingly expresssd to induce

unifo ‘%b%w@am dag g}?l Qout g%? wﬁpﬁ'\@cu rPugctu 9 alte¥nat1ve1y a raspy

file wid a&ﬁ% gdiBdcPdsk Ae sﬂ(ﬂﬁiotﬁb?dde){t 10aadiice mngomé@cmsg & 8duyld occur upon
synthetic pol yketides. Mechanismof Action The non

abrasiggueous |iquid solvents that are used are mildly polar
and ev or.a e e wibl @ le 1
The hyglfﬁglx fa?elggft u¥m %a??qgtdéla% délglnef gbge,"m’y%g @xample 1,
witholEdedatidlyted fastody) @vaatspﬂixﬂdécbglexl‘emlmlyeonumm &fi thrbwo palsees. Care was

wat er m)lecules andtotherrselveqstoformatl ttice ds and
taken {9 gERSRSE ROMPRIADIY S{ZCA Guts TR ehea¥ydes ag agken of a%'ﬁf 4%8“0“ san
relatl\%\gﬁﬁtgﬂg Iﬁ?&eef Feltlﬁﬁ'e%ezgo ﬂlQﬁﬂS@ﬁﬁ@uMJﬁlﬁﬁ@eP@N%Lﬁst B relative duration

e a clear plastic bandage. This provides
of thersoab thlityfeB offav¢re ceofdedmewor k for clot formation but a

pl asti e cov rin t wound site. In

dual cgrﬁﬁgalg% N et ﬂwf%r%ﬁ?ré{? ‘ons, clotting agents
are adm xed with silica nanoparti cI es. They can be
crosslinked to the bindi ng agent but referabge/ t hey
are al | olisee tolnitiat Glptn- hesabldghtness; |(24hr)  Scab
nanoparticles. In other enmbodinents, they are Duration
opt i onal (lyinaes/sdednds) ex@gglerit-&*)and are mi xd@awysi h

Voluhferbi dingtragfstt Mrésted | Untedtdds eTrdatedexanfstreated Treated
— thronbin or thronboplastin nolecule Is coadsorbed to

A, abrB&@d YT uncii el shagd - chai n nol ecul s or non-isoni ¢ 4 3
surfactants, and the preparation when applied to a

B, puntRid sidme3ey | | i goediately rel easg clottingeagents tos 4
hydrol ysi s upon primary hydration of the active silica

C, purtdn@par tarhss or cgogier with the hgghly pol a® water 5 4
avail able in the anbient body fluid. This will result

D, punidturé he p3mefier ent i &bs bi ndi ng of the4 hydroxyl @& oups on 4 3
silicon dioxide (binding agent) to the nore hlghly

E, abpdd ar walrer 70s 2 3 5
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nol ecul es as the basis for web formati on between the
silica nanoparticles. Preferred |iquid dual conponent
vyug\{cgl‘pfm_l_lzs;egal tant for rruliat ions include but are noeCT/U8i0b&0R6105
e At For 0 i ] 4. f.cl.of ting.

Seale B R TR B SRR O ol 2 AT Rl GhblaBR, 3,
Modédratere fitn ot tdgoddistiduit tb@Rpress; #pGoedislonunifben, tiobgxesable, S, Tight
hard (5% SEMATETRHGR RV G EOUSH- OB GFTaR b ShEjgken ino the Skin, painéul
to expresl R¥E@HFe.Of clotting agent per 10 ng dry wei ght of

silica nanoparticles. The el astopol yner pyroxylin

resin will not wash off for several days. Additives

can be added to the adm xture, for exanple but not

limted to antiseptics such as 8-hydroxyqui noline

al cohol and iodine, etc., antibiotics such as

pol ysporin, neosporin, penicillin, nmethicillin,

cephal osporin, erythromycin, vanconycin, gentamycin,

ci profloxicin and other broad spectrum anti bacterials,

antifungal agents such as terbinafine and

anphotericin, and other absorbents and nordants as

descri bed above. These additives also work well in the

dry formulations. If required, the Iiquid formulation

can be sterilized by gamm irradi ation or other

nmedi cally acceptable liquid sterilization

>

techni ques. The foregoing is considered as illustrative
only of the principles of the invention. Further,
since nunerous nodi fications and changes wll readily

occur to those skilled in the art, it is not desired
tolimt the invention to the exact construction and
operation shown and descri bed, and accordingly, al
suitabl e nodifications and equival ents may be resorted
to, all falling within the scope of the invention.
Thi s includes various enbodi nents that include the
vari ous conpositions and net hods described in the
various art references cited and thus incorporated
herein by reference in their entirety. Exanple 3:
Clotting Study To determine the efficacy of the
formul ati on described in Exanple 1, the follow ng
adult volunteer study was conduct. Al participants
were apparently healthly normal adults with no history
of bl eeding di sorders and not on bl ood thinning
agents. Dependi ng upon the dexterity of the individua
either the right or the left forearmor calve was
used. A snall needl eprick was nmade using a |lancet in
two duplicate spots and gently expressed to induce

uni form m nor bl eeding at the wound site as woul d
occur upon puncture or alternatively a raspy file was
dragged across the skin to abrade it to induce mi nor
bl eedi ng as woul d occur upon abrasion. |Inmediately
after puncture or abrasion, in either case, dry powder
(Exanple 1, without thronbolytic factors) was
sprinkl ed generously onto one of the two cut sites.
Care was taken to generate conparably sized cuts.
Excess powder was shaken off after 45 seconds and
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relative clotting tinme, relative scab tightness and
uniformty after 24 hours, and relative duration of
wobwescasb till it fell off were recorded. The PO/US2MFR6105

results were observed: Tine to Initial Cot Scab

Ti ght ness (24hr) Scab Dur aflams( ni nut es/ seconds)

(Scal e 1-6L* (Davs) Volunteer Untreated Treated

Untreated Treated Untreated Treated A, abrade 2m 20s
Wecldias 3 54 3 B, puncture 3m30s 60s 3 6 5 4 C, puncture

2m 45s 50s 3 6 5 4 D, puncture 3m10s 55s 4 6 4 3 E

abrade 3m70s 2 5 3 5Scal e: |,

l id deSlafi (Hon SN priki l : isi lurali
1 ARt SR o Do RE A MRERE ol TR comprsing a plurality

bbbredctilief dilicatahoparticlzphaysgy sutfacSpdioxtl@roupsni f orm  not

expressable, 5, Tight, hard clot, strong adherence to

skin; 6, Ver i, ght ondensed. cl ot , sh [
2. SEhfeomesin oha i RIS IREich rhop I G e € of

Agﬂﬁupqmga@quvgconposition conprising, a binding

agent further conprising a plurality of reactive

silica nanoparticles having surface hydr Eégl rogéos. 24
3. 2Thepempesipenseilym bivherdn Mepilicyieperdti¢ pehayes sgface area o
Rgfgfé%ﬁkﬁ%qé_have a surface area of greater than 400

e“conposition of claim1l1, wherein the
silica nanoparticles have a surface area of 24 M2/g to
4.  508e Mdhposition dhdaioohpdeitin te sticagianpparticleskrvieginrpverage diameter of
silica nanoggg | cl es have an average dianeter of 0.1

ndrdiaerFtef PAWSHEY ers 5. The conposition of

claim1, wherein the silica nanoparticles have an

5. aveEapeiiasesfdlaial 1, wivadin tRt silicatrandghricleoh®ieansavefige diameter of
The conposition of claim1, wherein the silica
pamenemetsr tgkfl RARRMSIEES. i nt o supranol ecul ar lattice of
hydr ogen- bonded chai ns of silicon dioxide when applied

6. (9nd cQ&?@&iMo%ﬁé’ig‘pl, wheréin W@caﬁﬁﬁk@&t agg IR ste int8 Bupramolecular
a bi ndin e

conpri st ng, g agent further conprising a .
plattied éfthydafgestbendddechginisiof silinemdioaideivdieasipplied tag bleeding wound.
surface hydroxyl groups, and a clotting agent. 8. The

C 0Sifio f claim7, wherein the cloftd . .
. AR ey OngormE g, fahdfe igfhish il TRt o puratiy
wWoesek R iR mahepdriicles REaiY surfc@lly @6zl Feoups, and a clotting agent.
8. The composition of claim 7, wherein the clotting agent is an extrinsic factor.

9. The composition of claim 7, wherein the clotting agent is an enzyme.

10.  The composition of claim 7, wherein the clotting agent is thrombin or a thrombolytic

fragment thereof.

11.  The composition of claim 10, wherein the clotting agent is recombinant human thrombin

or a thrombolytic fragment thereof.

12.  The composition of claim 7, wherein the clotting agent is thromboplastin or a

thrombolytic fragment thereof.

13.  The composition of claim 12, wherein the clotting agent is recombinant human

thromboplastin or a thrombolytic fragment thereof.
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10. The conposition of claim7, wherein the clotting
agent is thronbin or a thronbol ytic fragnent thereof.

wd 200634 onposi ti on of claim 10, wherein the BADUS200§026105

o O TSRS B i e

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

wiper B0 mgtofigilich abtdpagickgent i s t hronbopl astin or a
t hronbol ytic fragnent thereof. 13. The conposition of

cl.aim12, .whergin t clotting . agent is r mhi nant .

s FomRPSIS TR f hoind o BT peracp SifieHprogtams of lotting
t ReE@br 18tmg UTGilRAARRSattic®y. of claim 7, having from1
mcrogramto 1 mlligramor clotting agent per 10 ngy

of silica nanoparticles, 15. The conposition of claim _
7 Thg sompesitione dainyy.dasmediam 190 mogogrens ¢ 2 Smierpgrams of clotting
cl [ . silica nanoparticles. 16.
Tﬁg‘;@@%%@‘?‘mﬁﬁ@? né]?oaﬁg% ,S' having from 100 m cr ogr ans

to 250 micrograns of clotting agent per 10 ng of

siThe campasitogaof ¢laihed, wherein Thessilianmaaspdriicas hdved sairfacé/ area of
wherein th i}ica nanoparticles have a surface area
ofgre@feég'iaé‘4%{’a\4r{g-4oo M2/ g. 18. The conposition of claim

7, wherein the silica nanoparticles have a surface

amaa compaditiddocldien HOthedh the slitba nhAGpHQEBOBAVel Ofurfate area of 25
claim7, wherein the silica nanoparticles have an
aMbragSWiMigt er of 0.1 nanometer to 100 nanoneters

20. The conposition of claim7, wherein the silica

n Dy O . . .

F AN b N o R, B R B Abs Ve INONEREE diameter of
whdrreinometee tes 100 wamopeters cl es aggl onerate into

supranol ecul ar lattice of hydrogen-bonded chai ns of

Zlfh!%gﬁgagsgt?gri %ﬁql%ﬁe 'ﬂ ngegelfulég%ﬁ sﬁ.llgca?ﬁg(lépeq%gl A a}l\\/%%?l%'vergéé diameter of
COMRfidEEBGto [BRfRhymegrd 0 @ mamal having a bl eedi ng
wound, the conposition of claim1, thereby inhibiting

the bl eeding fromthe wound. 23. A nethod of making a

wo him aorgenitign ofcdaipokivthesin dhriicagarislessigglonteratg info supramolecular

plue al j f oSihhi . r i.ng the.

D laRies Hbhid RARCRRLILS! S5l AR I 09 g wouna

silica nanoparticles, thereby obtaining a wound

fSéahﬁhOd obmpisiing binediggi@n aTﬂrlemtrrﬁl bmﬂpt Id)sfhllg_;laﬁjallyin’gao a mammal having
u I conpri sin adm xi the steriljze .

) Bl SO PP Lo Tr N b haitiprinh banehg bleeding from the

copaund selected fromthe group consisting of: an

exci pient, a surfactant, a resin, an antibiotic, an

absor bent, an enzynme involved in clotting
A method of making a wound sealant composition comprising, obtaining a plurality of

silica nanoparticles, hydroxylating the silica nanoparticles, and sterilizing the

hydroxylated silica nanoparticles, thereby obtaining a wound sealant composition.

The method of claim 23 further comprising, admixing the sterilized hydroxylated silica
nanoparticles with a second compound selected from the group consisting of: an
excipient, a surfactant, a resin, an antibiotic, an absorbent, an enzyme involved in clotting
pathways, an antifungal agent, an antiseptic, polyfunctional short-chain molecules and a

mordant.

The method of claim 23 further comprising conjugating to the sterilized hydroxylated

silica nanoparticles, a clotting agent.
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pat hways, an antifungal agent, an antiseptic,
pol yfunctional short-chain nol ecules and a nordant.

we@2o06/0ts4rret hod of claim 23 further conpri si ngPCT/US2005/026105

GO Mg aki G-t omthe erilized hydroxyl ated silica
2. ﬁ‘iﬁ@p@ﬁmﬁ%&@,ﬁfgﬁ?Wg%nﬁge algtting agent 1yAR CHBENSISAAKIT| ai n

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

t 25, whr inthe clotting agent is an extrinsic

f 7 : : =Y : j he

o it e bf oA 23k eEirhe CloRly o, bR %) ai m

25, wherein the clotting agent is thronbin or a _

t Fhomstlodtdf claim@§nwhereinttbe eloftingagentTip thrembinoet aghrambaslyfic

Zﬁ_, V\,hetrﬁi n fthe clotting agent is reconbi nant human

t HAFREIOSFOt t hr onbol ytic fragment thereof. 30. The

met hod of claim25, wherein the clotting agent is

t Mhemeepdagciaim®@8, ahélinaii olojtingagkntag renmbideat bahan itombin or a
The conpasition of claim 30, having from 1l nmicrogram

t thrampelyfic fragmewithereek t i ng agent per 10 ny of silica
nanoparticles. 32. The conposition of claim 30, having

f Rk thod RSB whéreROfle BloftiRHoRRB s Arombepihtitorad@ftmbolytic
per 10 ng of silica nanoparticles. 33. The conposition
ofragmentrth&d6of. havi ng from 100 micrograns to 250

m crograns of clotting agent per 10 ng of silica
napoparticles.. 34, { folnhibiti ' h Q4
atHarptapoSatiees it TEBPEeR!  bR2bHakl @l UFFALNS dbting agent
bpeedi mg ofeilios nartdpertiergposi tion of claim 7, thereby
inhibiting the bleeding fromthe wound. 35. A process

for manuf acture of di canmenf_ conpri Sin eparing a )
wé 5 BOTBReNI AR Ofc‘éﬂﬁb@a PBRE HOTHLARIGOEAMS {5 é‘f@wﬁﬁf%?%s of clotting
clagénrgk%ﬁ(pﬁq OF &iliTh AahophhiRleli N the wound seal ant is

surtable fo? [

treati ng excessive bleeding in a subject
in that it pronotes henobstasis and clotting when ]
app¢ cedpesitiarhef alaiomip, baviag fomal ubjceagramaia 7Y miofearays of clotting
i biting bleeding in a nmanma

36. A d of...inh
CS%%¥P§$ﬁ§5g§§5ﬂ$$H%‘?8“§ﬂﬁanna| havi ng a bl eedi ng

wound, the conposition of claiml1, thereby inhibiting
t hembthed df mbitifienblebdingvnatiamiial cAnprdihg cipplyinpgatioiangaramal having

wound seal ant, conposi t.i.on risjng, obtaini )

of Blesling v dsihe CORPRSHIbA A ) Jééf}erg%wgs@ﬁl%& o gleeling from the
Siof@ nNanoparticles, and sterilizing the hydroxyl ated
silica nanoparticles, thereby obtaining a wound

seal ant conposition.38. The nethod of claim23 "fftner

c dnproeess ey, marfaotin gf & medicament ¢omptisingdirepayingtasgound sealant
silica.nanoparti.cl.es wth,a,second Go nd sel act .
¢ PRGBS GHIR i 3 Sy RERT & RRPE MheRfin B iolnd seatant i

S Wiiitad0d @b treatthg GSeRivedleecditgiiRiaQlibject iAfhad tgP661RE herdOstasis and

enzyme involved in clotti n,? ) )
clotting when applied to the wound sife of a subject having a wound.

A method of inhibiting bleeding in a mammal comprising, applying to a mammal having
a bleeding wound, the composition of claim 1, thereby inhibiting the bleeding from the

wound.

A method of making a wound sealant composition comprising, obtaining a plurality of
silica nanoparticles, hydroxylating the silica nanoparticles, and sterilizing the

hydroxylated silica nanoparticles, thereby obtaining a wound sealant composition.
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pat hways, an antifungal agent, an antiseptic,
pol yfunctional short-chain nol ecules and a nordant.

w3 06034net hod of claim23 further conpri si ngPCT/US2005/026105

38."CoRlgehbl t;@%"ni?%gi}fh[%f %%&égs‘é’?g‘ YN i Shitized ffroxylated silica

39.

40.

4]1.

42.

43.

44.

45.

46.

47.

48.

nanopar _ ot
c|manopatticleswrth aisdednideofiipoliid §ecB@edm itife @BuF ¥éisistink ©f: an
factor. 4 1. The nethod of claim25, wherein the ’ _

c | FEPieRG 25yERetants a s65inb 38 pRdbiows anpheorhentrandengyme lisyokved in clotting
> . ' . i i A

CRPORESS STl Sichl A T Bho SR8 Bpingpoleqyies and o
28nondar ei n the clotting agent is reconbi nant human

thrombin or a thronbol ytic fragnent thereof. 44. The

od..of . cl ai.m erein.the clottin ent. i s
© PR, L7 iR Sk oty th B lgFlgnd hugsoxylated
Thlicaeangsitidl@Naefotddd®ni30, having from 1 mcrogram
to 1 mlligramof clotting agent per 10 ng of silica
nanoparticles. 46. The conposition of claim 30, having
f rGGMBhed %fr%fama%% vhsregptherdl asting pgensisen exirisid faglongent
per 10 ng of silica nanoparticles. 47. The conposition

OfThe InRtiB 38k c1H1avi ) gyhfefe@xWhEQ%tHﬁgégl%gf A7 e#.?yxﬁ 0
m crograns of clotting agent pe nmg of silica _
nanoparticles. 48. A nethod of inhibiting bleeding in

a Thg mgshodcefrabaimsd Sn gy hereirpthyichgtingagentia wimembiraet mthrambolytic

bl [ d, the conposition of claim?7, thereby
iﬁ%EEFﬁgﬁégpﬂe bl eedi ng from the wound.

The method of claim 28, wherein the clotting agent is recombinant human thrombin or a

thrombolytic fragment thereof.

The method of claim 25, wherein the clotting agent is thromboplastin or a thrombolytic

fragment thereof.

The composition of claim 30, having from 1 microgram to 1 milligram of clotting agent

per 10 mg of silica nanoparticles.

The composition of claim 30, having from 10 micrograms to 500 micrograms of clotting

agent per 10 mg of silica nanoparticles.

The composition of claim 30, having from 100 micrograms to 250 micrograms of clotting

agent per 10 mg of silica nanoparticles.

A method of inhibiting bleeding in a mammal comprising, applying to a mammal having
a bleeding wound, the composition of claim 7, thereby inhibiting the bleeding from the

wound.
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