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HEMOSTATIC COMPOSITIONS AND METHODS OF MAKING THEREOF

FIELD OF THE INVENTION

[001] The present invention relates generally to agents and materials for promoting hemostasis

and tissue sealing and, more particularly, to resorbable hemostatic particulates with improved

efficacy, particularly particulate aggregates made of fibrinogen, thrombin, and oxidized

regenerated cellulose, and to methods for manufacturing such compositions.

BACKGROUND

[002] In a wide variety of circumstances, animals, including humans, can suffer from bleeding

due to wounds or during surgical procedures. In some circumstances, the bleeding is relatively

minor, and normal blood clotting functions in addition to t e application of simple first aid are all

that is required. In other circumstances substantial bleeding can occur. These situations usually

require specialized equipment and materials as well as personnel trained to administer

appropriate aid.

[003] Bleeding during surgical procedures may manifest in many forms. It can be discrete or

diffuse from a large surface area. It can be from large or small vessels, arterial (high pressure) or

venous (low pressure) of high or low volume. It may be easily accessible or it may originate from

difficult to access sites. The control of bleeding is essential and critical in surgical procedures to

minimize blood loss, to reduce post-surgical complications, and to shorten the duration of the

surgery in the operating room. The selection of appropriate methods or products for the control of

bleeding is dependent upon many factors, which include but are not limited to bleeding severity,

anatomical location of the source and the proximity of adjacent critical structures, whether the

bleeding is from a discrete source or from a broader surface area, visibility and precise

identification of the source and access to the source.

[004] Conventional methods to achieve hemostasis include use of surgical techniques, sutures,

ligatures or clips, and energy-based coagulation or cauterization. When these conventional

measures are ineffective or impractical, adjunctive hemostasis techniques and products are

typically utilized.

[005] In an effort to address the above-described problems, materials have been developed for

controlling excessive bleeding or as adjuncts to hemostasis. Topical Absorbable Hemostats



(TAHs) are widely used in surgical applications. TAHs encompass products in various forms,

such as based on woven or non-woven fabrics or sponges, and are typically made of at least

partially resorbable materials, ranging from natural to synthetic polymers and combinations

thereof, including lactide-glycolide based co-polymers such as polyglactin 910, oxidized

cellulose, oxidized regenerated cellulose (ORC), gelatin, collagen, chitin, chitosan, starch etc.

Gelatin is used in various forms with or without a topical thrombin solution. Also widely used

are biologically active topical hemostatic products (topical thrombin solutions, fibrin sealants,

etc.) and a variety of synthetic topical sealants.

[006] To improve the hemostatic performance, scaffolds based on the above mentioned TAH

materials can be combined with biologically-derived clotting factors, such as thrombin and

fibrinogen.

[007] Due to its biodegradability and its bactericidal and hemostatic properties, oxidized

cellulose, as well as oxidized regenerated cellulose has long been used as a topical hemostatic

wound dressing in a variety of surgical procedures, including neurosurgery, abdominal surgery,

cardiovascular surgery, thoracic surgery, head and neck surgery, pelvic surgery and skin and

subcutaneous tissue procedures. A number of methods for forming various types of hemostats

based on oxidized cellulose materials are known, whether made in powder, woven, non-woven,

knit, and other forms. Currently utilized hemostatic wound dressings include knitted or non-

woven fabrics comprising oxidized regenerated cellulose (ORC), which is oxidized cellulose

with increased homogeneity of the cellulose fiber.

[008] The ORC was introduced in 1960s offering safe and effective hemostasis for many

surgical procedures. The mechanism of action for ORC hemostats is believed to start with the

material absorbing water and then swelling slightly to provide tamponade at the bleeding site.

The ORC fibers initially entrap fluid, blood proteins, platelets and cells forming a gel-like

' 'pseudo-clot' ' which acts as a barrier to blood flow, and subsequently as a matrix for solid fibrin

clot formation. The ORC fabric has a loose knit in its matrix structure and conforms rapidly to its

immediate surroundings and easier to manage than other absorbable agents because it does not

stick to surgical instruments and its size can be easily trimmed. This allows the surgeon to hold

the cellulose firmly in place until all bleeding stops.

[009] One of the most commonly used topical hemostatic agents is SURGICEL® Original

Absorbable Hemostat, made of an Oxidized Regenerated Cellulose (ORC). SURGICEL®



Absorbable Hemostat is used adjunctively in surgical procedures to assist in the control of

capillary, venous, and small arterial hemorrhage when ligation or other conventional methods of

control are impractical or ineffective. The SURGICEL® Family of Absorbable Hemostats

consists of four main product groups, with all hemostatic wound dressings commercially

available from Johnson & Johnson Wound Management Worldwide, a division of Ethicon, Inc.,

Somerville, N.J., a Johnson & Johnson Company:

[010] SURGICEL® Original Hemostat is a white fabric is with a pale yellow cast and has a

faint, caramel like aroma. It is strong and can be sutured or cut without fraying.

[Oil] SURGICEL® NU-KNIT® Absorbable Hemostat is similar but has a denser knit and thus

a higher tensile strength. It is particularly recommended for use in trauma and transplant surgery

as it can be wrapped or sutured in place to control bleeding.

[0 12] The SURGICEL® FIBRILLAR™ Absorbable Hemostat form of the product has a

layered structure which allows the surgeon to peel off and grasp with forceps any amount of

SURGICEL® FIBRILLAR™ Hemostat needed to achieve hemostasis at a particular bleeding

site. The SURGICEL® FIBRILLAR™ Hemostat form may be more convenient than the knitted

form for hard to reach or irregularly shaped bleeding sites. It is particularly recommended for use

in orthopedic/spine and neurological surgery.

[013] The SURGICEL® SNoW™ Absorbable Hemostat form of the product is a Structured

Non- Woven fabric. SURGICEL® SNoW™ Hemostat may be more convenient than other forms

of SURGICEL® for endoscopic use due to the Structured Non-Woven fabric. It is highly

adaptable and recommended in both open and minimally invasive procedures.

[014] Other examples of commercial resorbable hemostats containing oxidized cellulose

include GelitaCel® resorbable cellulose surgical dressing from Gelita Medical BV, Amsterdam,

The Netherlands. The commercially available oxidized cellulose hemostats noted above are

knitted or nonwoven fabrics having a porous structure for providing hemostasis.

[015] Fibrinogen and thrombin are critical proteins involved in achieving hemostasis after

vascular injury and essential to blood clot formation. Fibrinogen and thrombin can be combined

in powder form or in a non-aqueous suspension, without initiating a typical clotting reaction, thus

preventing the formation of a fibrin clot until the proteins are hydrated in an aqueous medium or

other liquid environment in which the proteins are soluble. An admixture of these proteins in



powder form have a variety of potential biomedical applications including topical hemostasis,

tissue repair, drug delivery, etc. In addition, an admixture of these proteins may be loaded onto a

carrier or substrate, or other medical device, in powder form to form a product that may be used

for example as a hemostatic device.

[016] Fibrin sealants, also known as fibrin glue, have been in use in the clinic for decades.

Oftentimes, fibrin sealant consist of two liquid components, a fibrinogen comprising component

and a thrombin comprising component, which are stored frozen due to their inherent instability.

Sometimes fibrin sealant products consist of two freeze dried components, which require

reconstitution immediately prior to use and delivery by a conjoined syringe or other double-

barreled delivery device. Freeze dried formulations are typically stable, but t e fibrinogen

component is difficult to reconstitute. A number of hemostatic formulations currently available

on t e market or in development utilize lyophilized fibrinogen, frequently in combination with

lyophilized thrombin, with hemostatic formulations applied in the form of dry powder, semi-

liquid paste, liquid formulation, or optionally disposed on a supporting scaffold such as

absorbable fabric scaffold.

[017] In an effort to provide dressings with enhanced hemostatic and tissue sealing and

adhering properties, therapeutic agents, including, but not limited to, thrombin, fibrin and

fibrinogen have been combined with dressing carriers or substrates, including gelatin-based

carriers, polysaccharide-based carriers, glycolic acid or lactic acid-based carriers and a collagen

matrix. Examples of such dressings are disclosed in U.S. Pat. No. 6,762,336 Hemostatic

sandwich bandage, U.S. Pat. No. 6,733,774 Carrier with solid fibrinogen and solid thrombin,

PCT publication WO2004/064878 Hemostatic Materials, and European Patent EP1809343B1 A

reinforced absorbable multilayered hemostatic wound dressing and method of making.

[018] European Patent No. EP149345 1B1 "Haemostatic devices and compositions comprising

oxidized cellulose particles and a polysaccharide binder" discloses that it is problematic to use

the carboxylic-oxidized cellulose as a carrier for acid-sensitive species, such as thrombin and

fibrinogen, as well as other acid-sensitive biologies and pharmaceutical agents. It further

discloses a haemostatic composition, consisting of: biocompatible, oxidized cellulose particles

having an average designated nominal particle size of from 0.035 to 4.35mm; a biocompatible,

porous, water-soluble polysaccharide binder component other than chitosan; and optionally, a

haemostatic agent selected from thrombin, fibrinogen or fibrin, wherein the weight ratio of said



water-soluble polysaccharide to said oxidized cellulose particles is from 3:97 to 15:85, and

wherein said composition is a porous foam sponge obtainable by a process comprising the steps

of: providing a polymer solution having said polysaccharide binder component dissolved in a

suitable solvent, providing said biocompatible, oxidized cellulose particles, contacting said

polymer solution with said oxidized cellulose particles under conditions effective to disperse said

oxidized cellulose particles substantially homogenously throughout said polymer solution to form

a substantially homogenous dispersion, subjecting said polymer solution having said particles

dispersed throughout to conditions effective to solidify said substantially homogenous dispersion;

and removing said solvent from the solidified dispersion, thereby forming said haemostatic

composition.

[0 19] Russian patent publication RU2235539C 1 "Method for preparing powder-like material

for cessation bleeding" discloses method for preparing powder-like material eliciting hemostatic

effect involves mixing partially oxidized cellulose as a base in an aqueous medium with thrombin

and fibrinogen. Gelatin, epsilon-aminocaproic acid and lysozyme are added to indicated

substances additionally, and dialdehyde cellulose as fabric is used as partially oxidized cellulose,

i . e the content of aldehyde groups is from 4 to 6% in the following ratio of components:

dialdehyde cellulose, 1 g; fibrinogen, 18-22 mg; gelatin, 27-33 mg; epsilon-aminocaproic acid,

45-55 mg; lysozyme, 9.5-10.5 mg; thrombin, 350 U; water, 6.5 ml. Method involves preparing

solution containing fibrinogen, epsilon-aminocaproic acid in one-half amount of total content of

gelatin and one-half amount of total content of water, and separated preparing solution of

thrombin, lysozyme and remained amount of gelatin in remained amount of water. In prepared

solutions one-half amount of dialdehyde cellulose is kept for 3-4 h, semi-finished products are

squeezed, dried in air and subjected for the combined grinding.

[020] U.S. patent publication No. 20060159733A1 "Method of providing hemostasis to a

wound" discloses that the acidic nature of carboxylic oxidized cellulose substrate could rapidly

denature and inactivate acid sensitive proteins, including thrombin or fibrinogen, on contact.

Much of the enzymatic activity of thrombin and Factor XIII could be lost during the reaction.

This makes it difficult to use the carboxylic-oxidized cellulose as a carrier for thrombin,

fibrinogen, fibrin, or other acid sensitive biologies and pharmaceutical agents. It further discloses

that hemostatic wound dressings containing neutralized carboxylic-oxidized cellulose and protein

based-hemostatic agents, such as thrombin, fibrinogen and fibrin are known. Neutralized



carboxylic-oxidized cellulosic materials are prepared by treating the acidic carboxylic-oxidized

cellulose with a water or alcohol solution of a basic salt of a weak organic acid to elevate the pH

of the cellulosic material to between 5 and 8 by neutralizing the acid groups on the cellulose prior

to addition of thrombin in order to make it thrombin compatible. A thrombin hemostatic patch

was disclosed, wherein thrombin was added to an acidic carboxylic oxidized regenerated

cellulose or other material in presence of an acid neutralizing agent, epsilon aminocaproic acid

(EACA), to raise the pH of the material to a region where thrombin can perform as a hemostat.

While such neutralized carboxylic-oxidized cellulose may be thrombin compatible, it is no longer

bactericidal, because the anti-microbial activity of oxidized cellulose is due to its acidic nature.

[021] U.S. Patent No 7094428B2 "Hemostatic compositions, devices and methods" discloses a

hemostatic composition which comprises at least one procoagulant metal ion, such as silver (I) or

mercury (II), and at least one procoagulant biopolymer, such as collagen, thrombin, prothrombin,

fibrin, fibrinogen, heparinase, Factor Vila, Factor VIII, Factor IXa, Factor Xa, Factor XII, von

Willebrand Factor, a selectin, a procoagulant venom, a plasminogen activator inhibitor,

glycoprotein Ilb-IIIa, a protease, or plasma. The composition in the form of a paste, dough, glue,

liquid, lyophilized powder or foam, may be provided, for application to a wound. A hemostatic

composition comprising at least one procoagulant biopolymer in combination with a

procoagulant metal ion, said procoagulant metal ion present in said composition at a level below

its effective hemostatic concentration in the absence of said procoagulant biopolymer wherein the

hemostatic composition is selected ftom the group consisting of silver (I) and collagen, silver (I)

and thrombin, silver (I) and prothrombin, silver (I) and fibrin, silver (I) and fibrinogen, silver (I)

and heparinase, silver (I) and Factor Vila, silver (I) and Factor VIII, silver (I) and Factor IXa,

silver (I) and Factor Xa, silver (I) and Factor XII, silver (I) and von Willebrand Factor, silver (I)

and a selectin, silver (I) and a procoagulant venom, silver (I) and a plasminogen activator

inhibitor, silver (I) and glycoprotein Ilb-IIIa, silver (I) and a protease, silver (I) and plasma,

mercury (II) and collagen, mercury (II) and thrombin, mercury (II) and prothrombin, mercury (II)

and fibrin, mercury (II) and fibrinogen, mercury (II) and heparinase, mercury (II) and Factor

Vila, mercury (II) and Factor VIII, mercury (II) and Factor IXa, mercury (II) and Factor Xa,

mercury (II) and Factor XII, mercury (II) and von Willebrand Factor, mercury (II) and a selectin,

mercury (II) and a procoagulant venom, mercury (II) and a plasminogen activator inhibitor,

mercury (II) and glycoprotein Ilb-IIIa, mercury (II) and a protease, and mercury (II) and plasma.



The hemostatic composition of the invention may also include a carrier, such as, but not limited

to, polyethylene glycol, hyaluronic acid, cellulose, oxidized cellulose, methyl cellulose, or

albumin. These may be used to provide a matrix, a suitable viscosity, deliverability, adherence,

or other properties desired to be imparted to t e compositions herein for easy in application to a

wound. Numerous other carrier which impart these characteristics are embraced herein.

[022] U.S. Patent No. 6162241A "Hemostatic tissue sealants" discloses a hemostatic tissue

sealant, comprising: a biocompatible, biodegradable hydrogel tissue sealant comprising

crosslinkable groups having incorporated therein an effective amount of a hemostatic agent to

stop the flow of blood from tissue in a medically acceptable period of time.

[023] U.S. Patent No. 6177126B1 "Process forthe production of amaterial for sealing and

healing wounds" discloses a process for the production of a material for sealing and/or healing

wounds, comprising: i) filling a liquid composition into a container having two or more plates, at

least two of said plates being perforated with one or more flow-through holes and at least one of

said perforated plates being movable relative to another of said perforated plates, ii) transporting

a carrier below the container in a transport direction, and iii) continuously moving the perforated

plates relative to each other so as to allow the liquid composition to drip on to the carrier being

transported below the container, whereby the liquid composition is substantially evenly applied

to the carrier.

[024] PCT publication No. WO2014135689A2 "Powder formulation" discloses a sterile powder

composition suitable for medical use comprising thrombin and fibrinogen, wherein the thrombin

powder is produced from a liquid feedstock, wherein the feedstock comprises a solution or a

suspension of thrombin, preferably a solution, wherein the powder is produced by removal of

liquid by a process selected from aseptic spray drying or aseptic fluid bed drying, and wherein

the powder resulting from removal of liquid from the feedstock exhibits at least 80% of the

thrombin potency or activity of the liquid feedstock, and wherein the fibrinogen powder is

produced by removal of liquid from a feedstock, wherein the feedstock comprises a solution or a

suspension of fibrinogen, preferably a solution, by aseptic spray drying or aseptic fluid bed

drying, and wherein said composition is packaged as a sterile final pharmaceutical product for

medical use.

[025] U.S. Patent Application No: 201001 19,563 "SOLID FIBRINOGEN PREPARATION"

discloses a solid fibrinogen preparation comprising fibrinogen and further comprising: (a)



albumin; (b) a nonionic surfactant; (c) a basic amino acid or a salt thereof; and (d) at least two

amino acids or a salt thereof selected from the group consisting of an acidic amino acid, a salt

thereof, a neutral amino acid and a salt thereof.

[026] There is a need in improved hemostatic forms and materials which facilitate ease of

application and rapid onset of hemostasis.

SUMMARY OF THE INVENTION

[027] The present invention is directed to a hemostatic material comprising aggregates

comprising fibrinogen, thrombin, and oxidized regenerated cellulosic fibers. In some aspects, the

hemostatic material further includes additives, such as calcium chloride, Tris. In another aspect,

the present invention is directed to a method of making the hemostatic materials described above

by suspending a mixture of fibrinogen, thrombin, and ORC powders in a non-aqueous solvent,

spraying the suspension through a nozzle onto a substrate, removing the hemostatic material from

the substrate and sieving.

[028] In yet another aspect, the present invention is directed to a method of treating a wound by

applying the hemostatic materials described above onto and/or into the wound of a patient.

[029] In one embodiment, the present invention relates to methods of forming a powdered

hemostatic composition by forming a suspension of a mixture comprising particles of fibrinogen,

thrombin, ORC fibers in a non-aqueous low boiling solvent; spraying the suspension through a

nozzle onto a substrate, allowing the non-aqueous solvent to evaporate; separating the

composition from the substrate and sieving the composition; and thus forming the powdered

hemostatic composition. The non-aqueous low boiling solvent can be hydrofluoroether

C4F9OCH3, such as but not limited to HFE7100. The suspension can further include Tris and/or

calcium chloride. The liquid suspension can contain a fibrin sealant powder which comprises

about 90% of fibrinogen, about 8% of thrombin, and about 2.5% calcium chloride by weight. The

suspended powdered hemostatic composition can have a ratio of fibrin sealant powder to ORC

from about 1:1 to about 10: 1 by weight. The suspended powdered hemostatic composition can be

in the form of a powder having a measured particle size predominantly in the range from about

250 to about 850 microns, more preferably from about 355 to about 850 microns. The resulting

powdered hemostatic composition comprises at least partially integrated agglomerated ORC

fibers, fibrinogen, and thrombin and can further comprise Tris and/or calcium chloride.



[030] The present invention is further directed to methods of treating a wound by applying t e

resulting hemostatic composition described above onto and/or into the wound.

BRIEF DESCRIPTION OF FIGURES

[03 1] Figure 1 is a schematic diagram of t e manufacturing process.

[032] Figure 2 is a photo showing test vials evaluating gelling of inventive and comparative

compositions in water.

[033] Figure 3 is a photo showing test vials evaluating clotting of blood in contact with

inventive and comparative compositions.

[034] Figure 4 is a photo showing test vials evaluating clotting of blood in contact with

inventive and comparative compositions.

[035] Figure 5 is a composite photo showing the results of solubilization testing of the

comparative compositions.

[036] Figure 6 is a composite photo showing the results of solubilization testing of the inventive

compositions.

[037] Figure 7 is a composite photo showing the results of solubilization testing of the

comparative compositions.

[038] Figure 8 is a composite photo showing the results of solubilization testing of the inventive

compositions at varying particle size.

[039] Figure 9 is showing SEM images of one of inventive compositions.

DETAILED DESCRIPTION

[040] The inventors have discovered hemostatic materials and process for making thereof, the

hemostatic materials having surprising and highly beneficial properties for hemostasis.

[041] The hemostatic material according to the present invention is made from oxidized

cellulose-based fiber materials, more preferably form oxidized regenerated cellulose powder,

fibrinogen powder, and thrombin powder. The hemostatic material according to the present

invention represents at least partially integrated ORC fibers, fibrinogen, and thrombin in a form

of a powder.



[042] Referring to Figure 1, a schematic block-diagram of the process of making the hemostatic

material according to t e present invention is shown and comprises the steps of:

• Preparing dry powders of fibrinogen, thrombin, and ORC

• Suspending a mixture of fibrinogen, thrombin, and ORC powders in a non-aqueous

solvent capable of rapid evaporation under ambient conditions

• Spraying the suspension through a nozzle onto a substrate

• Allowing the non-aqueous solvent to evaporate and drying the resulting hemostatic

material

• Removing/separating the hemostatic material from the substrate and sieving, thus forming

at least partially integrated ORC fibers, fibrinogen, and thrombin in a form of a powder

[043] In one embodiment, Tris, or Tris(hydroxymethyl)aminomethane buffer in a powder form

is added to the fibrinogen, thrombin, and ORC mixture for pH adjustment. Then the mixed

composition was added to HFE to form a suspension. In one embodiment, the cooling/chilling

effect of the material stream during spraying due to HFE evaporation allows some ambient

moisture to be absorbed onto or into the resulting hemostatic material. Any excessive moisture

thus absorbed is removed in the final drying step in vacuum oven drying.

[044] According to one aspect of the present invention, the ratio of fibrinogen/thrombin mixture

to ORC powder in the inventive hemostatic material is from about 1:1 to about 10: 1 by weight.

[045] According to one aspect of the present invention the inventive hemostatic material

comprises particles having size of 250-850 microns.

[046] According to one aspect of the present invention the inventive hemostatic material

comprises substantially uniformly distributed at least partially integrated ORC fibers, fibrinogen,

and thrombin in a form of a powder

[047] According to one aspect of the present invention, the inventive hemostatic material has

high uniformity, integration, fast gelling/clotting, and strong adhesion force.

[048] According to one aspect of the present invention, the collecting surface or substrate onto

which the suspension is sprayed, comprises an inert non-woven felt or mesh or a steel plate.



EXAMPLE 1. PREPARATION OF HEMOSTATIC COMPOSITIONS

[049] The individual components of the hemostatic compositions of t e present invention were

prepared as described below.

[050] Fibrinogen. Any method of preparation of fibrinogen powder can be utilized, including

lyophilization, freeze drying, etc. In the instant example, fibrinogen powder was prepared by

spray drying method (Spray dryer manufacturer: ProCepT, Model: 4M8-TriX). Fibrinogen

solution is a formulation commercially available from Bioseal Biotech CO. LTD, Located in

Guangzhou, China, and comprising fibrinogen, albumin, and other needed reagents in WFI. The

fibrinogen solution was first atomized through a spray nozzle in a hot airflow, then dried

instantly. The spray drying parameters were as shown in Table 1

Table 1

[05 1] Thrombin. Any method of preparation of thrombin powder can be utilized, including

lyophilization, freeze drying, etc. In the instant example, thrombin powder was prepared by spray

drying method with thrombin formulation solution. Thrombin solution was the formulation

commercially available from Bioseal Biotech CO. LTD, Located in Guangzhou, China, and

comprising thrombin, albumin, and other needed reagents in WFI. The spray drying parameters

were as shown in Table 2



Table 2

[052] The thrombin and fibrinogen powders were then mixed together for preparation of t e

composite by the ratio of 89.7% of fibrinogen 7.8% of thrombin and 2.5% calcium chloride by

weight, thus forming fibrin sealant powder.

[053] The source of fibrinogen and thrombin was Porcine blood plasma which was fractionated

to obtain fibrinogen and thrombin and supplied by Bioseal Biotech CO. LTD, Located in

Guangzhou, China

[054] The ORC powder can be obtained by processing of the Surgicel original fabric. A

reference is made to the U.S. Provisional Patent Application No. 62/25 1773 by Yi-Lan Wang,

filed 06-Nov-2015 and titled "Compacted Hemostatic Cellulosic Aggregates", which is

incorporated by reference in its entirety for all purposes.

[055] Briefly, the ORC powder was obtained by processing of the Surgicel original fabric in the

following process:

1) split and cut the fabric into about 2" x 8" pieces,

2) mill the fabrics into the powder particle size ( D50 less than 94 microns) using known milling

methods. One of the methods used in the preparations is the ball mill method - place -100 grams

of fabric into a 500-ml zirconia jar, then place 12 to 13 pieces of 20 mm zirconia balls (agates)

into the same jar, cover and fix the jar in a Retsch planetary ball mill (Model PM100), mill the



fabric with 450 rpm for 20 minutes, transfer the milled powders onto a 8" dia and 300 - micron

opening sieve, separate the agates and the powders by slightly shaking, and collect t e powders.

[056] The inventive hemostatic compositions were prepared as follows by using co-spraying

methods. 1 part of ORC fiber was combined with 1 part, or 2 parts, or 5 parts, or 10 parts of

fibrin sealant powders, by weight. Thus, as an example, 10 g of ORC powder was combined with

10 g, 20 g, 50 g, or 100 g of fibrin sealant mixed powders, to produce 20 g, 30 g, 50 g, or 100 g

of mixture.

[057] A small amount of Tris was added to adjust pH to 7.0 for each respected ORC: Fibrin

sealant ratio. pH was adjusted by placing the powder on a wetting surface and measuring the

resulting pH and evaluating the amount of TRIS needed for obtaining a neutral pH of 7 . The

sample was then discarded. A corresponding proportional amount of dry powder of Tris was then

added to the powder mixture, prior to co-spraying.

[058] ORC is not per se neutralized as Tris is added in dry form. ORC is being neutralized

when the whole powder formulation is wetted during the application and the Tris is dissolved. A

low boiling non-aqueous solbent was utilized for making a suspension of FS and ORC powders.

Hydrofluoroether C4F90CH3 was used, obtained as HFE 7100, for instance supplied by 3M as

Novec 7100 Engineered Fluid, having boiling point of 61°C. HFE7100 solvent was added to the

powders compositions and filtered through 150 µ ι sieve. The evenly distributed suspension was

created by constantly agitating at 90 rpm/min in the reservoir at 20±5 °C temperature. The

suspended components were sprayed through a 0.7 mm diameter nozzle. The type of the nozzle

used was B1/8VAU-316SS+SUV67-316SS manufactured by Spraying Systems Co.. The flow

through the nozzle was at a flow rate of 130 ml/min, onto a non-woven fabric or stainless steel

substrate at 20±5 °C temperature.

[059] Upon spraying the suspension, most of the HFE 7100 solvent was evaporating. The HFE

7100 solvent residues and the absorbed ambient moisture in the powder, if any, were allowed to

evaporate in a vacuum drying oven for 24h ±5h at 20±5 °C.

[060] The resulting hemostatic composition was scooped off or peeled off or otherwise

separated from the substrate, and sequentially passed through sieves having 850 µ ι, 355 µ ι,

250 µ ι openings.



[061] Table 3 shows parameters used for co-spraying compositions

Table 3 . PARAMETERS FOR CO-SPRAYING THE COMPOSITION

[062] As comparative examples, pure fibrin sealant mixture composition with no ORC and no

Tris was also prepared by the same spray method HFE7100

EXAMPLE 2 . COMPARISON OF MECHANICALLY MIXED vs. SPRAY MIXED

HEMOSTATIC COMPOSITIONS GELLING

[063] Rapid gelling and formation of strong gels is important for hemostatic materials.

[064] The inventive hemostatic composition was prepared as described above by co-spray

method.

[065] The comparative mechanically mixed composition was prepared by manually shaking dry

powders, i.e. FS and ORC powders obtained as described above, by manually shaking in a

container into an evenly mixed composition, with no co-spraying performed. The compositions

included all t e same components, including Tris, with the difference being methods of mixing.

[066] Fibrin sealant powder to ORC ratios tested were: Fibrin sealant (FS): ORC ratios - 1:1;

2:1; 5:1; 10:1 (by weight) . Thus for 1:1 FS/ORC ratio, 1 part of fibrin sealant powder

(comprising fibrinogen, thrombin, calcium chloride) is combined with 1 part of ORC powder (by

weight).

[067] Mechanically mixed composition and the inventive spray mixed composition were then

added to 20 ml of water in a 50-ml vial in the amount of 200 mg on the top of the water surface.

After 2 min for gelling, the vial was turned upside down and observations made if a gelled layer



of composition was formed in which case the water was observed sealed by t e gelled layer and

was held on t e bottom of the vial by the formed gel layer.

[068] Referring now to Figure 2, showing an image of the test vials turned upside down at the

end of the test, with

• test vial 1 showing mechanically mixed composition 1:1 FS/ORC ratio

• test vial 2 showing mechanically mixed composition 2 :1 FS/ORC ratio

• test vial 3 showing mechanically mixed composition 5:1 FS/ORC ratio

• test vial 4 showing mechanically mixed composition 10: 1 FS/ORC ratio

• test vial 5 showing mechanically mixed composition with no ORC powder (fibrin sealant

powder only)

• test vial 6 showing inventive hemostatic composition 1:1 FS/ORC ratio

[069] Analysis of the results shown in Fig. 2 indicates that in test vials 1-5 gelling was

insufficient to hold the fluid and fluid is visible in the lower part of the vial. In test vial 6, fluid is

visible in the upper part of the vial, i.e. water is being held by the gelled layer and prevented from

moving to the lower part of the vial under gravitational force. Thus for mechanically mixed

compositions in all ratios and for fibrin sealant composition without ORC gelling was

insufficient, while the inventive hemostatic composition prepared in 1:1 ratio exhibited

surprisingly strong gelling.

EXAMPLE 3 . IN VITRO TESTING OF BLOOD CLOTTING

[070] In vitro clotting of blood by several inventive and also comparative compositions was

tested as follows.

[071] 20 ml of citrated whole blood (porcine) was added to a 50-ml vial. 200 mg of hemostatic

compositions being tested were added on the top of the blood surface. After 2 min for clotting,

the vial was turned upside down and observations of blood clotting were made. In case of

complete clotting, the clotted blood stays in the upper part of the vial turned upside down. In case

of incomplete clotting, blood remains fluid and drains towards the lower part of the vial due to

the gravitational force.



[072] Comparative excipients added to fibrin sealant powder instead of ORC were Trehalose,

PEG4000, Mannitol, and Alfa-cellulose (a-cellulose). All excipients were purchased from

Aladdin industrial corporation. Fibrin sealant powder mixtures with Trehalose, PEG 4000,

Mannitol, or Alfa-cellulose were prepared by spray method as described above in 10:1 ratio, i.e.

with 10 parts of fibrin sealant (FS) powder combined with 1 part of the respective excipient. The

total amount of inventive and also comparative compositions added to 20 ml of blood was 200

mg.

[073] Referring now to Figure 3, showing an image of t e test vials turned upside down at the

end of the test, with

• test vial 8 showing the inventive hemostatic composition having 2 :1 FS/ORC ratio

• test vial 9 showing the inventive hemostatic composition having 5:1 FS/ORC ratio

• test vial 10 showing the inventive hemostatic composition having 1:1 FS/ORC ratio

• test vial 11 showing comparative composition comprising fibrin sealant powder only with

no ORC made by co-spray

• test vial 12 showing comparative composition comprising fibrin sealant powder with

addition of a-cellulose in 10:1 FS/ a-cellulose ratio by weight

• test vial 13 showing comparative composition comprising fibrin sealant powder with

addition of trehalose in 10:1 FS/ trehalose ratio by weight

• test vial 14 showing comparative composition comprising fibrin sealant powder with

addition of PEG4000 in 10: 1 FS/ PEG4000 ratio by weight

• test vial 15 showing comparative composition comprising fibrin sealant powder with

addition of mannitol in 10:1 FS/ mannitol ratio by weight

[074] Analysis of the results presented in Fig.3 indicates that in test vials 8-10 containing the

inventive hemostatic composition blood has clotted, with blood clot visible in the upper part of

the vial turned upside down with clotted blood prevented from moving to the lower part of the

vial under gravitational force. Thus the inventive hemostatic composition prepared in 2 :1; 5 :1;

1:1 FS/ORC ratio exhibited surprisingly strong clotting of blood. Also comparative sample

containing α-cellulose in vial 12 shows clotting of blood. Comparative examples in vial 11 (fibrin

sealant powder only with no ORC); vial 13 (fibrin sealant powder with addition of trehalose);

vial 14 (fibrin sealant powder with addition of PEG4000); vial 15 (fibrin sealant powder with



addition of mannitol) show no clotting or insufficient clotting, whereby clotting was insufficient

to hold the fluid and fluid is visible in the lower part of t e vial, i.e. blood remains fluid and

drains towards t e lower part of the vial due to the gravitational force. The inventive hemostatic

compositions exhibited surprisingly strong blood clotting.

[075] Using the same testing methods, additional in vitro blood clotting testing was performed

for inventive hemostatic composition and comparative mechanically mixed compositions

prepared by manually shaking dry powders in a container as well as for fibrin sealant powder

only with no ORC

[076] Referring now to Figure 4, showing an image of the test vials turned upside down at the

end of the test, with

• test vial 1 showing mechanically mixed composition 1:1 FS/ORC ratio

• test vial 2 showing mechanically mixed composition 2 :1 FS/ORC ratio

• test vial 3 showing mechanically mixed composition 5:1 FS/ORC ratio

• test vial 4 showing mechanically mixed composition 10: 1 FS/ORC ratio

• test vial 5 showing comparative composition (200 mg) comprising compacted ORC

powder aggregates prepared as described in the U.S. Provisional Patent Application No.

62/25 1773 by Yi-Lan Wang, filed 06-Nov-2015 and titled "Compacted Hemostatic

Cellulosic Aggregates"

• test vial 6 showing comparative composition comprising fibrin sealant powder only with

no ORC prepared by co-spray method

• test vial 7 showing the inventive hemostatic composition having 1:1 FS/ORC ratio

• test vial 8 showing the inventive hemostatic composition having 2 :1 FS/ORC ratio

• test vial 9 showing the inventive hemostatic composition having 5:1 FS/ORC ratio

• test vial 10 showing the inventive hemostatic composition having 10:1 FS/ORC ratio

[077] Analysis of the results presented in Fig.4 indicates that comparative examples in test vials

1-6, containing mechanically mixed compositions in all ratios; ORC powder only; and fibrin

sealant powder without ORC, show no clotting or insufficient clotting, whereby clotting was

insufficient to hold the fluid and fluid is visible in the lower part of the vial, i.e. blood remains

fluid and drains towards the lower part of the vial due to the gravitational force. On the contrary,



and similar to t e results presented in Fig. 3, in test vials 7-10, containing the inventive

hemostatic composition, the blood has clotted, with blood clot visible in the upper part of the vial

turned upside down with clotted blood prevented from moving to the lower part of the vial under

gravitational force. Thus the inventive hemostatic compositions prepared in 1 : 1 - 10: 1 FS/ORC

ratios exhibited surprisingly strong clotting of blood.

EXAMPLE 4 . COMPOSITION SOLUBILISATION

[078] Rapid solubilisation or solubility of a powdered hemostatic composition when in contact

with bodily fluids can help to establish rapid hemostasis and indicates rapid interaction with

fluids. The visual test of solubilisation was performed as follows: 1 gram of tested hemostatic

powdered composition was evenly applied to an area of a wetting substrate which comprising a

non-woven fabric positioned on top of a sponge material which was placed in a tray with pure

water. After the tested powdered hemostatic composition was applied to the surface of the

wetting substrate, visual observation of the composition solubility was performed and results

recorded at zero time (immediately after applying the composition, at 1 min and at 2 min after

applying the tested composition.

[079] Referring now to Figure 5, a composite image is shown representing the results of testing

of the comparative mechanically mixed composition prepared by manually shaking dry powders

in a container. The images taken at 0, 1, and 2 min for FS/ORC ratios - 1:1; 2:1; 5:1; 10:1 as

well as for FS powder with no ORC. The results indicate poor solubilisation even at 2 min time

point for the comparative examples.

[080] Referring now to Figure 6, a composite image is shown representing the results of testing

of the inventive hemostatic composition prepared by the spray method. The images taken at 0, 1,

and 2 min for FS/ORC ratios - 1:1; 2:1; 5:1; 10:1 as well as for FS powder with no ORC. The

results indicate good solubilisation even at 1 min time point and very good solubilisation at 2 min

time point, with rapid full solubilisation observed for 1 : 1 and 2 :1 ratios already at 1 min and good

solubilisation observed for all ratios at 2 min. Pure FS is showing poor solubilisation even at 2

min time point for the comparative example.

[081] Referring now to Figure 7, a composite image is shown representing the results of testing

of the comparative compositions comprising FS with excipients added to fibrin sealant powder



instead of ORC as well as for FS powder with no ORC. The excipients were Trehalose,

PEG4000, Mannitol. Fibrin sealant powder mixtures with Trehalose, PEG 4000, Mannitol, were

prepared by spray method as described above in 10: 1 FS/excipient ratio. The images taken at 0,

1, and 2 min are shown. The results indicate poor solubilisation even at 2 min time point for the

comparative examples.

[082] The solubility of inventive hemostatic composition prepared by t e spray method was

affected by the concentration of the ORC component. Even at low concentrations of ORC, the

solubility of the composition has improved.

EXAMPLE 5 . PARTICLE SIZE EFFECTS

[083] The effects of the particle size on the performance of the inventive hemostatic

compositions were evaluated. Particle size was controlled by sequentially passing the

composition through sieves with apertures of 850 µιη, 355 µιη and 250 µιη . Inventive

composition powders were separated into size groups of predominantly above 850 µιη,

predominantly 355-850 µιη, predominantly 250-355 µιη and predominantly below 250 µιη .

Inventive hemostatic compositions made with 5:1 FS/ORC ratio were tested for solubility.

[084] Referring now to Figure 8, a composite image is shown representing the results of testing

of the inventive hemostatic composition prepared by the spray method. The images taken at 0, 1,

and 2 min for different powder size ranges. The results indicate particularly excellent

solubilisation at 2 min point for predominantly 355-850 µιη and good solubilisation for

predominantly 250-355 µιη compositions, with less effective solubilisation for compositions

predominantly above 850 µιη, and predominantly below 250 µιη . Thus the range of

predominantly 250-850 µιη is showing good solubilisation and is the preferred range for particle

size, with particles predominantly in the 355-850 µιη range particularly preferred. The resulting

powder is an agglomerate of fibrinogen, thrombin, and ORC, and has many particles with size

larger than the starting materials particle size.

EXAMPLE 6 . EFFECTS OF Tris ADDITION

[085] A peel test of the inventive compositions with added Tris and without added Tris was

performed. Tris additions were titrated to achieve pH=7. Tris powder was ground and passed



through a 150 µη sieve. The powder of below 150 µιη was collected and added t e pre

determined amount into the dry mixture to adjust the pH of the composition, prior to co-spray.

[086] The peel test was performed as follows. 0.5 g of t e Inventive composition was applied to

the corium tissue, covered by a composite bi-layer matrix which was pressed into the powder for

3 minutes, the sample-from-tissue separation force was measured by an Instron tensile testing

machine and recorded as force per unit width (N/m). The composite bi-layer matrix comprised a

layer of synthetic absorbable poly (glycolide-co-lactide) (PGL, 90/10 mol/mol) nonwoven fabric

needlepunched into a knitted carboxylic-oxidized regenerated cellulose fabric (ORC), as

described in U.S. Patent No. 7,666,803 by D . Shetty et al., titled "Reinforced absorbable

multilayered fabric for use in medical devices", which is incorporated by reference herein.

[087] Referring now to Table NN, adhesion forces of inventive formulations are shown as a

function of ORC addition. While the adhesion is lower at higher ORC content even 1 : 1 FS

powder: ORC fiber formulation has appreciable peel force.

[088] Referring now to Table 4, adhesion Forces of inventive formulations with and without

Tris are shown for different FS/ORC ratios along with corresponding pH values. TRIS was added

in weight percentages listed to adjust pH to 7.0. While all compositions have exhibited high peel

forces, presence of TRIS clearly resulted in higher peel forces for the same FS/ORC ratios, with

some showing 2-4 times higher peel force.

Table 4 . Adhesion Forces of inventive formulations with and without Tris



[089] The analysis of data indicates surprising improvements in adhesive force or peel force for

inventive composition having neutral pH achieved by Tris addition. While the force is somewhat

lower

EXAMPLE 7 . CHARACTERIZATION OF PARTICLES

[090] Referring now to Figure 9, showing magnified SEM images of 5 :1 FS/ORC inventive

composition, it is apparent that the components of t e composition are at least partially

integrated, i.e. attached to each other or coated onto one another, and are not in a simple

mechanical mixture.

[091] Examination of the inventive composition in powder form shows the components well

mixed and the biologies were closely attached on the ORC fibers.

EXAMPLE 8 . HEMOSTASIS TESTING

[092] An in vivo test of hemostatic efficacy in liver abrasion model using the inventive

hemostatic compositions was performed as follows. A liver abrasion model was created by

creating an oozing area of 3 cm X 3 cm on the surface of the porcine liver. 0.5g of the inventive

hemostatic composition having FS/ORC ratio of 5 :1 was applied to cover the oozing area without

any tamponade applied. Hemostasis was achieved in under 2 min.

[093] An in vivo test of hemostatic efficacy in liver resection model using the inventive

hemostatic compositions was performed as follows. A liver resection model was created by using

the Pringle manoeuvre which is a surgical manoeuvre used in some abdominal operations

whereby a large atraumatic haemostat is applied as a clamp. The Pringle manoeuvre was applied

to control bleeding first, then a cut 5cm long and 5cm wide of the liver tissue was created along

the liver edge to expose bile duct. Immediately after, the inventive hemostatic composition

powder was applied to cover the transection plane, spraying saline simultaneously until bleeding

was stopped. The Pringle clamp was then released to examine the results. It was observed that

hemostasis was achieved and bile leak was prevented after the Pringle clamp was released. The

hemostasis was achieved in 2 min.



CLAIMS

I/We claim:

1. A method of forming a powdered hemostatic composition, comprising the steps of:

a) forming a suspension of a mixture comprising particles of fibrinogen, thrombin,

ORC fibers in a non-aqueous low boiling solvent;

b) spraying the suspension through a nozzle onto a substrate,

c) allowing the non-aqueous solvent to evaporate;

d) separating t e composition from the substrate and sieving the composition; and

thus forming the powdered hemostatic composition.

2 . The method of Claim 1, wherein said non-aqueous low boiling solvent comprises

Hydrofluoroether C4F9OCH3 .

3 . The method of Claim 1, wherein said non-aqueous low boiling solvent comprises HFE7100.

4 . The method of Claim 1, wherein said suspension further comprises Tris.

5 . The method of Claim 1, wherein said suspension further comprises calcium chloride.

6 . The method of Claim 1, wherein said suspension comprises a fibrin sealant powder which

comprises about 90% of fibrinogen, about 8% of thrombin, and about 2.5% calcium

chloride by weight.

7 . The method of Claim 6, wherein said powdered hemostatic composition has a ratio of fibrin

sealant powder to ORC from about 1:1 to about 10: 1by weight.

8 . The method of Claim 1, wherein said powdered hemostatic composition comprises powder

having particle size predominantly in the range from about 250 to about 850 microns.

9 . The method of Claim 8, wherein said powdered hemostatic composition comprises powder

having particle size predominantly in the range from about 355 to about 850 microns.



10. The method of Claim 1, wherein said powdered hemostatic composition comprises at least

partially integrated agglomerated ORC fibers, fibrinogen, and thrombin.

11. A hemostatic composition comprising at least partially integrated agglomerated ORC fibers,

fibrinogen, and thrombin.

12. The hemostatic composition of Claim 11, further comprising Tris.

13. The hemostatic composition of Claim 11, further comprising calcium chloride.

14. The hemostatic composition of Claim 11, wherein said composition fibrin sealant powder

which comprises about 90% of fibrinogen, about 8% of thrombin, and about 2.5% calcium

chloride by weight.

15. The hemostatic composition of Claim 14, having a ratio of fibrin sealant powder to ORC

from about 1:1to about 10: 1by weight.

16. The hemostatic composition of Claim 11, comprising powder having particle size

predominantly in the range from about 250 to about 850 microns.

17. The hemostatic composition of Claim 16, comprising powder having particle size

predominantly in the range from about 355 to about 850 microns.

18. A method of treating a wound by applying the hemostatic composition of Claim 11 onto

and/or into the wound.
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