; YZe3eA>\F 6T- BMETHOD OF MAKI NG FI BRI NOGEN PARTI CLES SUI TED FOR | NTRAVENQOUS
| NJECTI ONS BACKGROUND OF THE INVENTION 5 1. Field of the Invention The
present invention relates to a nethod for producing synthetic protein
particles, which are particularly used to 10 significantly reduce a

522idetng' rs1 H bgi‘?ﬂwﬂg&‘&gpgﬁ e@ﬁgﬁé %?F&‘Lra e%%mwl ch are

treatments. More particularly, thenpresestsi nvention relates to a nethod
for making fibrinogen particles suited for intravenous injections. 15 2.
Description of the Prior Art is known that many surgical and nedical
procedures such 20 as a a mass anount of bl ood

| oss, which sonetines na?ﬁﬂﬁﬁg6§¥ﬁ£§%s%%En§§X§§%§%P death, especially to
those $#ho | ack of adequate platelets in their blood. One approach to remedy
the bl ood | oss, is u5|n% a_bl ood transfusion. However, this may introduce
fatal di sdasddeddcRiadhp VnYPPELCBS or hepatitis virus. Accordingly, in the
field of clinical medicine, there is a strong need to provide a substance
which is helpful in aggregation of blood or substantially functions as a

pl atel et in Mheaprelseod. iSueht sabsrahaktesuse Mtndda ﬂ‘cnd Ipmidwg:ing

requirenen Fi r.st article size. af . such 30 e nus s smal |
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m cronmeters, which is, on average, the dianeter of hunman capl I'lary vessel
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at the site of a woun re speti suc substance nust enconpass
the abili Ipﬁrtto.cplalahfﬂyl, pralhe preqmmrnmdmltomh cedatengtata metisid €oaf a

wound. 5 K der et al . et fAQ:aII Res onsi ve M cr.ospheres and
Ct her Car F“ialﬁlélgf rtHﬁ‘é’gBPcRﬂﬁT-é "g%‘% rﬂﬂ’ PPHfdmiections.
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2. Description of the Prior Art

It is known that many surgical and medical procedures such

20 as a cancer operation may cause a mass amount of blood loss,
which sometimes may put patients in danger of death, especially

to those who lack of adequate platelets in their blood. One
approach to remedy the blood loss is using a blood transfusion.
However, this may introduce fatal diseases such as HIV virus

25 or hepatitis virus. Accordingly, in the field of clinical
medicine, there is a strong need to provide a substance which

is helpful in aggregation of blood or substantially functions

as a platelet in human blood. Such substance must meet the
following requirements. First, the particle size of such

30 substance must as small as possible such that it can flow into
the capillary vessel network of a human body. The maximum
diameter of such substance cannot exceed 7 micrometers, which

is, onaverage, thediameter of humancapillaryvessel. Secondly,

such substance should not aggregate itself in human blood or
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Agents", Advances in Pharmacol ogy and Chenot herapy, vol.6, pp. 213-271,
di scl osed m crospheres nade from proteins, which 10 are synthesi zed by
usi ng enul sification of an aqueous protein solution in oil, followed by
heat treatnment or extensive polynerization. However, the lifetinme of the

m cr ospher.es ,nmagde di ng._W. dder' t hod i h i.hce protfein is
subj ect t &bt %erﬁgﬁﬁéggﬁ%eg#&gnrégc |°o°r#sjc8§l]%$hg&%1hzleﬁ ktl:é]%ebo]fo%%ch 15

m cr osphergyrdgatioacht Cehe tdit YT Rewbrad . phat €l ghedikicaply) dursh must be
preserved at |east for one day in human bl ood vessels. Oppenheimet al., in

U. S. Pat . N@.u@sw,@aw%ensp@agae thenplatl hbY &ORAHOST tRAR O RERAAR i cl es
usef ul th%ﬁ%d& d%%gtﬁﬁgcﬁﬁstﬁg ggggfggtgr%ﬁgn ane", disclosed a nethod of
e

manuf acturi'ng partic conprising a crosslinked matrix of macronol ecul es
of natfiral origin. In this nethod, the protein solutions were pushed to the

limt of desolubilizati 25 adj usti h trat.i f
desol ubi || sathoh SANET BEAY LR SHRURSEAGL I B RGEROR YR STORRIAE eSThi 5
process stald stibt b2 1dRst £6F @ HeOBIbbhPEi 8AT TRITERAGY JE thttheiby ve

pol yneri zati on which causes the spheres to form wth™no control over the
extent of Agggtedat Aduanpggr yabearnreategy tant Chapthiananys ivwlditnet er can

cl og bl ood ve I nd.ar heref ore nge f In ascul ar.
applicati 5Fs. Efr%éiéfi glts'ﬁgf)%?grmelca{or?é)g%%ﬁ 8§§?t|ﬁ£ﬂ“{e Jt"%’ﬁ% g%b wﬁldtChaggr egat e
and ane cene efehéyisdmbleisitqpemalEicieation of amciglicods proddibRY OF THE

| NVENTI ON The main objective of the clajned inventionis to provide 5 a
met hod f oFORMEIRE flitbQidogeiP baviedt| %, oAt chrapementt 8F Etan®iva enous

i nj ection ngvg.weﬁrzh@_ﬁlﬁn. '%v&%@,d%ﬁ%%wmé he PLEReBLoLPNERLE Huad he

m cr osphe ormed 1n the presence of cross-linking agehts have an average

10 di anet eccordiagsiidder ‘s méthod islshadrsiteatbeprdtaimneipsadgect

invention, the.fibri n be used as a targeti mol ecul e, whi.ch can

bring prot& %n%%ﬁ.H@Pﬁ%ﬁpg%ﬁg1§gt%e%qtzao%gﬁa?nghé}%ewkﬁgguﬁ §4® ood | oss
15 hp agGerdapeerwst h inhepri@siaid, | tNenkyalhebheeay plaeslzad 19Kest ance

functions as a platelet in human bl ood. The synthesized substance of this

i nvent i on Pagtdlcdesmuisy pedrasesyead at ileasitaf e onepiay dnetumpapybd@ed on

substi t ut esa@1kN accordance with the present invention, the conposition of

t he substance T nc¢ludes (parts in weight): Human al bumin: 90-100 parts

Fi bri nogen: 0.02-6 parts

Oppenheim et al., in U.S.Pat.No.4,107,288 entitled

20 “Injectable compositions, nanoparticles useful therein, and
process of manufacturing same”, disclosed a method of
manufacturing particles comprising a crosslinked matrix of
macromolecules of natural origin. In this method, the protein
solutions were pushed to the limit of desolubilization by

25 adjusting the concentration of a desolubilization agent with
acontrastingresolubilization agent. This process starts with

an unstable conditionand proceeds with extensive
polymerizationwhich causes the spheres to form, withnocontrol
over the extent of aggregation. Aggregates greater than 7

30 microns in diameter can clog blood vessels and are therefore
dangerous for intravascular applications. There is therefore

a need for particles that do not aggregate and are considerably

smaller than 7 microns in diameter.



25 The substance of this invention is nade according to the follow ng
procedures: |.preparing protein particle suspension solution,wherein: a.

di ssolving protein powders in a buffer solution having 30 suitable
osnolarity; b. adding surfactant into prepared solution of step a; c.
addi ng cross-linking agents into m xture solution of step c; and d. adding
al cohol solution into mxture solution of step 3 C. A nebul ous protein

particle suspension sol uti goMMARY COFi BHBUIN®ENTDONI Nt ravenous i njection
applications and will not 5 clog the blood vessel, is thus prepared. In
accordance with the present invention, the protein solution is hunan

al bum n sol “t'bf?é‘ a]J.Ql 58&3899{7936?%‘@’ E*ﬂa&ﬂ&dpﬁﬁﬁe‘?{’éldnn!gg% 35}:

surfactant is a eanln agent a detergent. In accor the
present i m/emittmd fbhremakmﬁgcfahrlnagebepaetmlmi fwhoa ma:egrmup:e:cbny sting
of sodi um etradec 15 syl f.at Tween-80, .and TritonX-151. In accordance
with the pi¥seltty @QHPFOﬁnjﬁﬁglePoggpPFﬁRFhanﬁgent is a coval ent small

nol ecul e such as gl utaral dehyde. 20 In accordance with the present
invention, the pH of the buffer solution is between 4 and 8. I n accordance
with the presBheccavdanremwitihehe prsisgnitt inventiipregdhasinrospleress t er

prepart ng A aPoXe Mol QLR PLEELIL DA LCE, SUSRE0SIAN 58I, Surf ace

protein is eh 3 Suspension ol gt

un- r eaot ediipatddeansfolesbethbar 0- apbesrs will transformthe surface 30
protein into fibrinogen through coval ence bonding. 3. The human al bum n
sphere suspension solution containing surface protein is then treated in

the form of podRlc} dafcd! b¥Eh Ahe iddddedit! PRvelt 2b¥ 51 the Hidfdiiddgdid ON.

may be used as a targeting molecule, which can bring protein
particles to the site of a wound, thereby reducing blood loss.
15
In accordance with the present invention, the synthesized
substance functions as a platelet in human blood. The
synthesized substance of this invention is alsoc referred to
as fibrinoplate or platelet aggregation substitute.
20
In accordance with the present invention, the composition
of the substance includes (parts in weight):
Human albumin: 90-100 parts
Fibrinogen: 0.02-6 parts
25
The substance of this invention is made according to the
following procedures:
l.preparingproteinparticle suspensionsolution, wherein:
a. dissolving protein powders in a buffer solution having
30 suitable osmolarity;
b. adding surfactant into prepared solution of step a;
c. adding cross-linking agents into mixture solution of
step c¢; and

d. adding alcohol solution into mixture solution of step



centrifugation, electrophoresis, colum chromatography, vacuum freeze-dry,
and powder reconstitution. In sone cases, addition or change of buffer

" solution or addition of preservative is needed, which is known in the art.
5 Accordingly, the present invention is concerned with the maki ng of
fibrinogen particles, which are suited for intravenous injections, wherein
the conposition of*protein particle suspension solution will not clog the
bl ood vessel, 10 but aggregate at the site of a wound, and the resulting
protein particle is made from human al bumi n cross-Ilinking fibrinogen having
an average difafpebulouf prateithparvimlervmpensiomielptésantWhiaedts on is

ge dilanebBions Buakeimanrtin TRe Lpkéo8ntih3
Ceconsti t BAkEChFBtgbr o xPeb WP TAE SRR MBI pesnous

i nj ect 5ongloghehpr blevd cespes|tionthis thteparwenti on does not clog bl ood
vessel s (except at the site of a wound) . The resulting protein particle is
made from human al bum n cross-linking fibrinogen 20 having an average
dirameter of |G8%ddiiiahdd GITP!EAS. plBSRE C2R0EnLIYEN! kAR iotRAge! Ned
with protein particle suspension solﬁtlon, which is suited for i1ntravenous
i nj ecti onsoliltéopr dsehumannpbsuminnseiuthos. i nventi on does 25 not cl og

bl ood vessels (except at the site of a wound). The resulting protein
conposition is made at the surface of spheres from human al bum n

cross4pi nki ngrf lakebradsBe Writh %@F@@%@nboﬂﬂéﬂtiaﬂﬂﬁ HIRS BhtrifagtBhet ei n
particle has an_average dianmeter of less than 7 mcronmeters. 30 The present
i nvent i oniSsaceheanphbd MWERL feHz2ndPEREERRE particl e conposition, which is
reconstituted through bio-soluble liquids and is suited for intravenous
injections. The protein conmposition of this invention does not clog blood 5
vessel s (exceapt agtorbensetwitdi thenpuerdent Timeemteson fitheg puatacnhaparticl e
conposition is made at the surface of spheres fraom hyman al bumi n
robes | NRPHGS PBLERBGRT R Hhe Gyoerzoh DR H O LN Hih e RPB¥nogen
encapssl ags rhhe, hewyBBnagHUMAG THecSnXeps Ling protein particle has an
average di aneter of |ess than 7 microneters. In accordance with anot her
aspect of the present invention, the present invention provides a new

utility of such ofein 10. icle ta.h b.o i nt.r.avenous
i nj ections. #‘ea‘gé%ﬁcga}nr?ep'glrﬁ?%bgg EAT nr%lg ¥ etltog’y’a‘gﬁé\%%%ﬁﬁglégé Hel p
aggr egat i agenthesedycsetsihgsnd dodnd Iegsa 1 wilcheas ghaetpiatldefygdanticl es of
this invention can be 15 used on traunma patients who are in danger of nass
bl ood | 0oss. Ot her objects, advantages and novel features of the invention
will become oy @ehe@hh¥eaRslcheass | Yr S0R¢ etvdrtaBr N HeOlphowiengndet ai | ed
description when taken in conjunction

buffer solution is between 4 and 8.

In accordance with the present invention, the osmolarity

is 14-680 mOsm.

25
2. After preparing the above nebulous protein particle
suspension solution, surface protein is then added into
the suspension solution. By doing this, the un-reacted
portions on the micro-spheres will transform the surface
30 protein into fibrinogen through covalence bonding.

3. The human albumin sphere suspension solution containing
surface protein is then treated in the form of powders via

dilution, filtration, dialysis, diafiltration,



20 with the acconpanying draw ngs. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT 25 The present invention is illustrated by, but by no neans
limted to, the foll owi ng exanples. Although the foll ow ng experinments use
human serum al bum n (HSA) as a starting material, it is understood that a
nunber of co n human _protei n,_such as i munogl obul in, g%& | obi n, coll agen,
or gel ati FeREEH 583580 sed®EGCERPRRPEGRE s oF Wspﬂqgro COPTaRMer i ment

One: The fQicHRin PRe®feSPRES @ndbbNAEE rddYr SX0BAR 1 JTOWHRT s BRI sEa UM
al bumin (HSA) was dissolved in normal saline (NS, or 0.9% sodium6

chl ori de $elditiion) ep fadranasol afi obisf femgised Utien 595t Adddsieri gift per
vol une) cqntai ni .al.so_a ct i { he i t.et radecyl sul phate or
Tween- 80, %%re ;}:v,?grl]@% %g1pggéggbn%@%fﬁa%?o%%g‘?gn%{lnn%ﬁ% Eﬁ?%‘m 0.05 ng/mM to
15 ng/pl. To a series of tubes containing 2mlL of protein solution with
various concentratjons of surfactant,2m of glutaral dahyde, diluted with

nor mal sl ai ne, AGFASHASH Y at PBNRTPSORE P Wardha® 68 FoneeIRERLl HHF® to t he
protein s han. 40 Afd.er i out angl: o] 0%
diluted i g\la\?\%f? r)oélasﬁaﬁ endégcéTr{Jnr i 3:%?'3?1\%555 ogég?@edﬁ&n&%lﬁy% fter

anot her lGntiravessust hejeotbons s ushperesi onsheveranmtid idtiech wift priotednvol unes
of saline to ,see if they redissolved, ich th dj t. 15 Thereafter,
Che part | SPEEIRAPC RIRET AR SRIGELRTOBHT bifle G108 BRE dyod FeRde d: scover ed
that tbe %%Qfé’%g‘r«‘r@&a’vﬁ@h_ﬁrtlﬁ sihe chsiRmd)Rend ehe +&a difd Preteif0 It was
al so discovered that Triton X-151 in the range of 1-2.5 ng/m_ wth HSA
concent r aPipg icAet be medegérom Mommedbugini cxese- kv Lprdpageni ons. |t
was al so g%ﬁggt Eﬁt a§8€5§£“ deihadecyls stlohale, | vy the agd ,of 1to 12
ng/ M producéd-t he nos onbgeneous preparations interns of size

di stribution. 2. Experinment Two: Binding of a Targeting Agent, Fibrinogen,
to protein spheres. Radiql abel ed hynman 30 serlam al Hu? n é\}/am th iodine-125 )
was used to ﬁ@pé’r’@s?ﬁﬁeﬂ'&’e&ﬁlﬁﬁ t-fie CCBREERE! alitGhs F5Pz p@rrioﬁ'@l’rp ne. |t
Was f@S‘”dgTaE}@E'LcQéer cOnpbeitibe, ProhebAs WBrerbeAkRotated | RheosReres, as
measured by the nunber of radioactive counts in the pellet versu$ the 7
super nat aktio-gpiubledrmuiidsgand ¢if soltedifipanintpaverpiing égjectaocsseasi ng t he
osnol ari t f e sol uti dj h [ S t |-an wi ce that of
nor mal sal)f_lhg J&J’(;trel egg’}élgglg;Bigﬁéb%?}%%a%#%&f%&g.d%%ssoéf'ludn%%g (%thLPS i de

sol uti on kedsBOssigudgtcanttinf §ete amatwmind el Ghefrenilariasy pbeeeeasi ng t he

pH of the buffer to less than 4 required, nore alcohal, than a pH of 8 to
f or m spheP8&tafdeyisPadRatrn inymany a dPRPER FRRFS L ik i5¥9 £4BE1PRIRNA. 10 The

exper hiENh 1YaR g SRRy EFa Gl dflarhd oo ORE MRl s £ QA 1700 i IHYmetidhdy f | uorescei n
i sot h?ocyaﬁat egl aﬁeﬁgd ?liman serum al%um'sn. Usi ng trﬂH'e optei mal condition as
listed in Experinment One, fibrinogen (Ing/m) was added at

The present invention is concerned with protein particle
suspension solution, which is suited for intravenous
injections. The protein composition of this invention does

25 not clog blood vessels (except at the site of a wound). The
resulting protein composition is made at the surface of spheres
from human albumin cross-linking fibrinogen with covalence
bonding. Theresulting proteinparticle has an average diameter
of less than 7 micrometers.

30

The present invention is concerned with frozen protein
particle composition, which 1s reconstituted through
bio-soluble liquids and is suited for intravenous injections.

The protein composition of this invention does not clog blood



15 various tines to the sphere suspensions after appearance of turbidity.

It was noted that the spheres were stable and the best preparations were

" obtained by adding fibrinogen within 15 mnutes of formation of spheres. 20
Further treatnent of the sphere suspensions nay be desirable, such as
dilution, filtratjon ialysis, .diafpltration, .centrifugation .

el ect rophé’reggﬁeél‘,s %’f%‘?ﬁq\: éﬁr%h%ts&glea%%ﬁ Wa‘daﬁp f eofe%%gﬂbrég&foﬁﬁlfners or
preser vat ipagitilciepbbhpdeit Oon B hddie ateenaskir8htenoPfspHe der Htidni zed
powder with an aqueous fluid ( such as water or normal saline or |actated
Ri nger Solhwymegd Jyumsggero sonk kit Hpai aggenvwibB gevailangehopdicicogi cal |y
conpati bl ngi,Qn ] i ] jan, N 30
Rabb s vereteanirant{FPLiondt SARPRIIA el TS RuRtATh "I G 1 e
al . , 5" Plreselletingepbotein vesrtiebe rieascad averayesastidmetdd eddilegsti mes in
t hrombocyt openic rabbits, J. Lab din Med 1987, 109:127-33. The typi cal

bl eedi ng’ i i/nMLCToMgher8nhits after 7 0 ng/ kg of Busul fan treatment was
5 9 7 seconds . Upon injection of 1 ng/kg of the fibrinogen coated spheres
(reconstituted with normal saline fromlyophilized powder), the bl eeding
time was reduoedcecordaicaswibhdntharaspect oévite poasenbfiny@nsgdoonds) .
Exaninati% eof thn %FtEPQ'%& thevg r mqug u%dﬁn flugrqﬁ:ent Qjcroscopy
showed fI U0FeBEERT %af?ﬁéﬁ SWPERV AR AT VA SHLD jio%éﬁF@ Fafbi t s
infused wphlrtlibaer esckihans phedest it duftutifidiveirgen;iar ewttibnRQr milesal i ne,

or with a fibrinogen solution ( 1 ng/m ) did not show i nprovenent 10 in

bl eedi ng PFEteLR PAKE164PS CAR R BHARREO R FEHW WIS 204 habp8F IFsgatde8s coul d
act as a ' deMjiGE; j icles to an area of active clot
fornation?ﬂggggyt?%gﬁ?ﬁﬂ?n%¥%€%dpﬁﬁ%éding time and |l ess blood |loss. 15 W
expect these particles to be equally effective in trauma or surgical

pati ents who not t hr opbocyt openi ¢ but_.can benefit froma f{aster
lotting 1 g ChideheEhe PROCELBaR T CHelet ke drvambion Ga8t BE when

| ar ge1numigedobn RtEuAL SaPeest § Qe alreedh ethriydr Bahgs £1b 140188l e not
hard to find, such 20 as in battle field conditions or after nuclear war
events. Those skilled in the art will readily observe that nunerous

nodi fication I ions Vi Ll e getaining the
t eachi ngs ofcﬁﬁérﬁﬁée |%§}. igg%ég?ﬁgﬁyfﬁﬁke %ggbggg%aﬁgélé?ér%ﬂghould be
const r ued iageht iroh edi Idn by cbyet her aet Jesa rdnd abhdunelsd DIy tappaapmndedmc| ai ns. 9
CLAI M5 Wh is clainmed.is:." 1..A method of makin rotein . particles suited
For i ntr ayBROtRLLT G aeFailed R s ripn 9het LakPhiiy CHRARBPH: BBarer o | 1
a buf per @f+gauihablisc Wind Ydrfvipglfli ng a surfactant selected froma
group consi sting of sodiumtetradecyl” sulfate, Tween-80, and TritonX-151
into said 10 protein solution; c¢. adding a cross-Ilinker solution including
a coval ent snmall nol ecul e such as gl utaral dehyde to said m xture of protein
and surfactant; and d. adding an al cohol to said m xture of protein,

surfactant, 15DRTAEIZEDOEIJCRICDIMDION ITHE PREFERREDTEMBOOIMENTI ai med in
claim1 wherein the protein solution is a human serum al bum n sol uti on.

25 The present invention is illustrated by, but by no means
limited to, the following examples. Although the following
experiments use human serumalbumin (HSA) asastartingmaterial,
it is understood that a number of common human protein such
as immunoglobulin, myoglobin, collagen, or gelatin, can be

30 used as constituents of the spheres.

1. Experiment One: The formation of spheres without
fibrinogen. Powder human serum albumin (HSA) was

dissolved in normal saline (NS, or 0.9% sodium



20 4. The nethod as clainmed in claim1l wherein the surfactant is a
detergent. 4. The nethod as clained in claim1l wherein the buffer has a pH
of 4-8. 25 5. The nmethod as clained in claim1l wherein the osnolarity of
the solutions ranges from14 to 680 ersm 6. The nethod as clainmed in claim

1 wherein the al cohpl is,30 efhanol . Jhe nethod as clained in claim1l
wherein the partlcFEi oFHd¢ 1RO ‘b%b%'?’n%l%‘?’n gqrén %9113'19"}]&]‘% el sielice e&%rm 10
8. The method as chkgi gBd 208 Clhiignt V{f@f%@l\ﬁlﬂé;h@bn{:éﬁ?ﬁlﬂﬁnb&sbn%l ude
filtration, drying, and reconstitution. 9. The nethod as aimed in claim1l

further conpri si ngsenﬂawgarst seithes prostiain tetradeephefulphapensiton. 10 .
The method as cl ai ggd, | ng ¢! gn}:?légf}?&e'lglt g ?foﬁq«@é@mﬁé%ﬁé'}aﬁl&gﬂﬁgﬂel 0

fibrinogen. 10 11. € nethod as aimed™i'nc erein

solution is human seemnd a0 Hung/mBotditlHmg/nfl .Th netdead eas of &Jum in claim
9 wherein the surfactant |s detergent 15 | 3. The nethod,as clained in claim
12 wherein the surfeRtaHRIRG BLeQfePTUM™ §PLEPIRBNYWLER| VGTdous

sodi Ut ot adeoyl Subfab - RS 85 AATEHOMILSE o120 sk aly Bt hod as

claimed in claim?9 erein the cross-1Iinker ecul |sa I va enty
reactive snall nol ézlnh’eeqlwmthamomglaglsu]tarrm dehgdecehSraheonstraod iag cl ai med

in claim9 wherei n the alocighol 3. %% was added to the protein solution.

10 After 10 minutes, about 10 ml ethanol (about 80%
diluted in water) was added. Turbidity was observed
immediately. After another 10 minutes, the turbid
suspensions were diluted with five volumes of saline
to see if they redissolved, which they did not.

15 Thereafter, the particles were observed under x1000

phase microscopy.

It was discovered that the average diameter of the
spheres was less than 1 micron.
20
It was also discovered that Triton X-151 in the range
of 1-2.5 mg/ml with HSA concentration in the range
of 100-200 mg/ml gave the best preparations. It was
also noted that sodium tetradecyl sulphate in the
25 range of 1 to 12 mg/ml produced the most homogeneous

preparations in terms of size distribution.

2. Experiment Two: Binding of a Targeting Agent,
Fibrinogen, to protein spheres. Radiolabeled human

30 serum albumin (with iodine-125) was used to prepare
spheres using the concentrations of Experiment One.

It was found that over 95% of the proteins were
incorporated into spheres, as measured by the number

of radioactive counts in the pellet versus the



25 et hanol .

| 6. The nethod as clainmed in claim9 wherein the pH of the

solutions ranges from4 to 8. 30 | 7. The nethod as clainmed in claim9
* wherein the osnolarity of the solutions ranges from 14 to 680 mOsm 18. The
met hod as clainmed in claim9 wherein the particles in the suspension are

rendered into powder form

wherein further tr83PRERRS

12 . AL 9. AH A[ 3. Au. Spné¥ed| TN EABYs fndltife Estilliari 8f¥fIthe solutions
} xrmgb] X] ca] ca] caU] ca] c: aU] ca] c: a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
] ca] ca] ca] ca] ca] Ca]:@é].@&]mm@] chleunide solutiaeg{twice that of normal

10

15

20

25

30

saline) or decreasing the osmolarity to 0.09% sodium
chloride solution had no significant effect on the
yield of spheres. Decreasing the pH of the buffer
to less than 4 required more alcohol than a pH of
8 to form spheres and yield was slightly diminished

in pH of less than 4.

The experiment was repeated suing the optimal
condition, but with fluorescein isothiocyanate labeled
human serumalbumin. Using the optimal conditionas listed
in Experiment One, fibrinogen (lmg/ml) was added at
various times to the sphere suspensions after appearance
of turbidity. It was noted that the spheres were stable
and the best preparations were obtained by adding

fibrinogen within 15 minutes of formation of spheres.

Further treatment of the sphere suspensions may be
desirable, such as dilution, filtration, dialysis,
diafiltration, centrifugation, electrophoresis, column
chromatography, addition or change of buffers or
preservative, lyophilization, and the reconstitution of
lyophilized powder with an aqueous fluid (such as water
or normal saline or lactated Ringer Solution or sugar
containing fluid) to result in a physiologically
compatible suspension ready for adminstration to a

subject in need.

Rabbits were rendered thrombocytopenic according to the

method of McGill et al., “Platelet membrane vesicles reduced

microvascular bleeding times in thrombocytopenic rabbits, J.

Lab Clin Med 1987; 109:127-33. The typical bleeding time in
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benefit from a faster clotting time. We expect these particles
to be particularly useful when large number of patients need
to be treated but platelet donors are not hard to find, such

20 as in battle field conditions or after nuclear war events.

Those skilled in the art will readily observe that numerous
modification and alterations of the device may be made while
retaining the teachings of the invention. Accordingly, the

25 above disclosure should be construed as limited only by the

metes and bounds of the appended claims.
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5 1njections, comprising:
a. dissolving protein powders in a buffer of suitable
osmolarity;
b. adding a surfactant selected from a group consisting of
sodiumtetradecyl sulfate, Tween-80, and TritonX-151 into said
10 protein solution;
c. adding across-linker solution including a covalent small
molecule such as glutaraldehyde to said mixture of protein

and surfactant; and

d. adding an alcohol to saidmixture of protein, surfactant,

15 and cross-linker solution.

3. Themethodasclaimedinclaimlwhereinthe proteinsolution

is a human serum albumin solution.

20 4. The method as claimed in claim 1 wherein the surfactant

is a detergent.

4., The method as claimed in claim 1 wherein the buffer has

a pH of 4-8.

25
5. The method as claimed in claim 1 wherein the osmolarity
of the solutions ranges from 14 to 680 mOsm.
6. The method as claimed in claim 1 wherein the alcohol is
30 ethanol.

7. The method as claimed in claim 1 wherein the particles in

the suspension are rendered into powder form.

10
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10 11. Themethodasclaimed inclaim9whereinthe proteinsolution

is human serum albumin solution.

12. The method as claimed in claim 9 wherein the surfactant
is detergent.

15
13. The method as claimed in claim 12 wherein the surfactant
is selected fromagroupconsistingof sodiumtetradecyl sulfate,

Tween-80, and TritonX-151.

20 14, The method as claimed in claim 9 wherein the cross-linker
molecule is a bivanently reactive small molecule including

glutaraldehyde.

15. The method as claimed in claim 9 wherein the alcohol is

25 ethanol.

16. The method as claimed in claim 9 wherein the pH of the

solutions ranges from 4 to 8.

30 17.The method as claimed in claim 9 wherein the osmolarity

of the solutions ranges from 14 to 680 mOsm.

18. The method as claimed in claim 9 wherein the particles in

the suspension are rendered into powder form.
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