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The present invention relates to a soft tissue adhesive
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improved mechanical strength and is casily applied to the
tissue.
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SOFT TISSUE ADHESIVE COMPOSITION
OF ALPHA-TCP AND PHOSPHORYLATED
AMINO ACID

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of U.S. applica-
tion Ser. No. 16/337,350, entitled “SOFT TISSUE ADHE-
SIVE COMPOSITION OF ALPHA-TCP AND PHOSPHO-
RYLATED AMINO ACID”, filed on Mar. 27, 2019, which
application claims priority to and is a 35 U.S.C. §371
national phase application of PCT/EP2017/074553
(W02018/060289), filed on Sep. 27, 2017, entitled “ SOFT
TISSUE ADHESIVE COMPOSITION OF ALPHA-TCP
AND PHOSPHORYLATED AMINO ACID”, which appli-
cation claims priority to and the benefit of Sweden Patent
Application No. 1651271-7, filed Sep. 27, 2016 and Sweden
Patent Application No. 1651727-8, filed Dec. 22, 2016, the
disclosures of which are incorporated herein by reference in
their entirety. Any disclaimer that may have occurred during
the prosecution of the above-referenced applications is
hereby expressly rescinded, and reconsideration of all rel-
evant art is respectfully requested.

FIELD OF THE INVENTION

[0002] The present invention relates to a soft tissue adhe-
sive of an aqueous solution of a-TCP and a phosphorylated
amino acid. The invention further relates to a method of
treating tissue.

BACKGROUND

[0003] Calcium phosphate (CaP) and in particular
hydroxyapatite (Ca, ,(PO,)s(OH),, HA), is a mineral that is
widely used in medical applications due to its similarity to
the mineral components of bone and teeth and its biocom-
patibility. Furthermore hydroxyapatite is non-toxic, biocom-
patible and bioactive. This means that hydroxyapatite is not
harmful and not recognized as a foreign body and on the
other hand that it may have positive effects on remodelling
of'bone. Hence hydroxyapatite has been widely used in bone
repair and as drug/gene delivery vehicle, catalyst, ion
adsorption/exchange agent, photoelectric regent and so on.
Resorbable nanoparticles (i.e. particles that can be dissolved
in vivo) are of special interest for a number of applications,
e.g. bone void fillers, drug delivery vehicle, desensitization
of dentin tubuli and so on.

[0004] The field of biomaterials includes fixation of
implants to tissues as well as tissue repair. The limited
mechanical strength of implants in combination adhesives
has remained an issue within the field of implants and
biomaterials. The repair of soft tissues or internal organs
with adhesives has also been broadly unsuccessful.

[0005] US2012288446 (US’446) discloses an adhesive
comprising a multivalent metal compound, a compound
comprising a phosphoserine oligomer or a phosphoserine
capped polymer wherein the latter compound is present at
10-90 wt %. US’446 discloses experimental data using tetra
calcium phosphate (TTCP) as the multivalent metal com-
pound and phosphoserine-ethyleneglycol-diglycidyl-phos-
phoserine for example and obtains adhesive strength of up to
3.76 MPa when adhered to bone.

[0006] US20130122057 (US’057) discloses a bone restor-
ative composition comprising amino acid phosphate species,
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a multivalent metal compound and a bioactive glass material
containing ionic functional groups. US’057 disclose
examples using a composing comprising TTCP as the mul-
tivalent metal compound and phosphoserine together with
various amounts of Combeite Bioactive glass and water and
adhere it to bone. The shear strengths obtained varied
between 0.75-2.13 MPa.

[0007] US8765189 (US’189) teaches an adhesive compo-
sition comprising a multivalent metal compound and a
phosphoserine like compound in an amount of 10-90 wt %.
US’189 disclose an adhesion shear strength to cortical bone
after 5 minutes of 130-890 kPa when using TTCP as the
multivalent metal compound and various phosphorylated
compounds and 650 kPa when using a-TCP and phosphos-
erine.

[0008] Even though there are several tissue adhesives
available today on the market none of them are ideal sealants
or even adhesives. Cyanoacrylates have shown good adhe-
sion but have shown inflammatory response during degra-
dation. Fibrin glues have low adhesive strength but are more
biocompatible. Other adhesives struggle with high costs and
long curing times or the lack of tailoring the curing time
dependent on the tissue and the situation. Soft tissue adhe-
sive usually contain fibrin or gelatin other various polysac-
charides.

[0009] Still general tissue adhesives cannot withstand any
major shear forces and none of them have shown or implied
that they would work also on soft tissues. There is therefore
a need for a composition that may be used as a soft tissue
adhesive that provides high shear strength.

SUMMARY OF THE INVENTION

[0010] The aim of the present invention is to overcome the
drawbacks of the prior art. Therefore, in a first aspect, the
present invention relates to a soft tissue adhesive comprising
an aqueous solution, a-TCP and a phosphorylated amino
acid. The adhesive effect of the present invention on soft
tissue was unexpected since the composition contains
a-TCP which is typically used in hard tissue applications.
[0011] In a second aspect the present invention relates to
a method of adhering a first soft tissue to a second soft tissue
using the tissue adhesive according to the present invention
comprising:

[0012] a. applying the tissue adhesive according to the
present invention to the first soft tissue or to the second
soft tissue and optionally leave it for a suitable period
of time;

[0013] ©b. bringing the first soft tissue and the second
soft tissue into contact with each other;

[0014] c. optionally applying a pressure on the first and
second soft tissue for a suitable period of time; and

[0015] d. allowing the tissue adhesive to cure.

[0016] In a third aspect the present invention relates to the
use of a composition comprising an aqueous solution,
a-TCP and a phosphorylated amino acid as a soft tissue
adhesive.

[0017] In a fourth aspect the present invention relates to
the use of a kit for preparing the adhesive according to any
one of claims 1 to 10 comprising at least two containers
wherein any one container in the kit can contain any of an
aqueous solution, the phosphorylated amino acid or the
a-TCP or a combination thereof, with the proviso that both
the phosphorylated amino acid and the a-TCP cannot be
present in the same container as the aqueous solution.
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[0018] In a fifth aspect the present invention relates to a
composition for use as a soft tissue adhesive comprising an
aqueous solution, a-TCP and a phosphorylated amino acid.
[0019] All the embodiments presented herein relates to all
the aspects of the present invention.

BRIEF DESCRIPTION OF THE FIGURES

[0020] FIG. 1 Rendering of different chemical interac-
tions, bonding, and structure of a composition including
calcium phosphate, water and phosphoserine.

[0021] FIG. 2 Porcine skin lap shear after curing for 1.5
hours.
[0022] FIG. 3 Porcine skin lap shear strength after curing

for 10 minutes (0.17 hours), 1.5 or 4 hours.

[0023] FIG. 4 Lap shear strength (peak force) of soft
tissues adhered to self-tissue type.

[0024] FIG. 5 Porcine skin lap shear strength development
with varied curing temperatures.

[0025] FIG. 6 Lap shear strength of soft tissue adhered to
multiple tissue types.

[0026] FIG. 7 Bond strength of soft tissue to different
substrates.
DETAILED DESCRIPTION OF THE
INVENTION
[0027] In the present application the word “aqueous solu-

tion” also encompasses water and water of any purity. The
water may be but is not limited to tap water, distilled water
or deionized water. The aqueous solution may also be a
buffer such as PBS or any suitable saline buffer.

The Composition

[0028] The composition according to the present invention
is an aqueous composition comprising a-TCP and a phos-
phorylated amino acid.

[0029] The present inventors have found that this compo-
sition provides improved mechanical strength and easy
handling when treating soft tissue. Also the composition has
shown to be suitable for adhering soft tissue to either hard
tissue or a synthetic implant or scaffold but also soft tissue
to soft tissue. The latter is a long felt need within the field
and the present invention not only facilitates adherence of
soft tissue to soft tissue but the mechanical strength of the
adhesive is unexpectedly high and the curing is fast.
[0030] Surprisingly the present inventors found that the
improvements of the present composition were only true for
a-TCP but not for B-TCP. The a-TCP may be used in any
form or shape but is preferably in form of a powder having
a mean particle size of 5-5000 nm such as 20 nm or larger,
50 nm or larger, 100 nm or larger, or 300 nm or larger, or 500
nm or larger, or 800 nm or larger, or 3000 nm or smaller, or
1500 nm or smaller, or 1000 nm or smaller. In one embodi-
ment the particle size is between 350 and 450 nm. In another
embodiment the particle size is between 1700 nm and 2800
nm. The particles may be spherical or in the shape of flakes.
[0031] The composition may comprise a silicate com-
pound. In one embodiment the composition is essentially
free from silicate compounds or totally free from silicate
compounds. In another embodiment the amount of silicate
compounds is 0.05 wt % to 10 wt % of the solid content of
the composition such as 0.1 wt % or higher, or 0.5 wt % or
higher, or 8 wt % or less, or 5 wt % or less, or 3 wt % or less,
or 1 wt % or less.
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[0032] The silicate compound may be any suitable com-
pound comprising a silicate i.e. an anionic silicon com-
pound. The silicon compound may be an oxide such as
[SiO,]*~ or [Si,O,]° or quartz, feldspars, zeolites, micas,
pyroxene etc. In one embodiment the silicate compound is
selected from calcium silicate, sodium silicate and alumi-
num silicate, magnesium silicate, strontium silicate; zirco-
nium silicate; or a mixture of di- and tri-calcium silicate
preferably calcium silicate. The silicates may be in the form
of'a cement such as Portland grey cement or Portland white
cement. A mixture of di- and tricalcium silicate may com-
prise between 0-100 wt % of dicalcium silicate and between
0-100 wt % of tricalcium silicate such as 30-70 wt % of
di-calcium silicate and 30-70 wt % of tri-calcium silicate.

[0033] Phosphorylation is the addition of a phosphate
group (PO,*>7) to an amino acid or any other molecule.
Phosphorylated amino acids according to the present inven-
tion may for example be phosphorylated serine, threonine or
tyrosine but could also be other amino acids. In one embodi-
ment the phosphorylated amino acid is phosphorylated ser-
ine also known as phosphoserine (pSer). The phosphory-
lated amino acids according to the present invention may be
functionalized or non-functionalized. The phosphorylated
amino acids according to the present invention may be
monomers or dimers or trimers.

[0034] It is believed that the phosphorylated amino acid
acts as a curing agent providing improved mechanical
strength to the composition. The amount of phosphorylated
amino acid should be 15-90 wt % of the solid content of the
composition. In order to balance the different properties of
the inherent components of the composition the amount of
phosphorylated amino acid may depend on the ratio between
the silicate compound and the a.-TCP. In one embodiment a
preferred amount of phosphorylated amino acid is 20-75 wt
% of the solid content such as 22 wt % or more, or 25 wt %
or more, or 30 wt % or more, or 35 wt % or more, or 65 wt
% or less, or 60 wt % or less, or 55 wt % or less, 45 wt %
or less, or 40 wt % or less, or 36 wt % or less. In one
embodiment the amount of phosphorylated amino acid is
23-24 wt % of the solid content of the composition. In
another embodiment the amount of phosphorylated amino
acid is 69-74 wt %.

[0035] For soft tissue-to-soft tissue adhesion in dry to
humid conditions, the amount of phosphorylated amino acid
in the solid content of the composition may be high, for
example 40-90 wt %, 43-90 wt %, 45-90 wt %, 50-90 wt %,
55-90 wt %, 60-90 wt %, 65-90 wt %,70-90 wt %, 75-90 wt
%, 80-90 wt %, or 60-80 wt %, 60-70 wt %, 65-80 wt %, and
70-80 wt %. A high phosphorylated amino acid content
generates a softer modulus which is beneficial for soft tissue
adhesion.

[0036] For wet and humid to dry environment, the amount
of phosphorylated amino acid in the solid content of the
composition should be lower to avoid a washing-away
effect. The amount of phosphorylated amino acid in the solid
content of the composition may for example be 15-37 wt %,
15-35 wt %, 15-33 wt %, 15-31 wt %, 15-29 wt %, 15-27 wt
%, and 15-25 wt %.

[0037] For the composition comprising a.-TCP and a phos-
phorylated amino acid for use as a soft tissue adhesive the
amount of a-TCP may be 50 wt % or higher, or 60 wt % or
higher, or 70 wt % or higher but 90 wt % or lower, or 85 wt
% or lower, or 80 wt % or lower of the solid content. In one
embodiment at least 95 wt % of the composition comprises
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an aqueous solution, a-TCP and a phosphorylated amino
acid, such as at least 98 wt %, or at least 99 wt %. In one
embodiment the composition comprising an aqueous solu-
tion, o-TCP and a phosphorylated amino acid for use as a
soft tissue adhesive does not comprise any silicate com-
pound.

[0038] As to alternative constituents, calcium oxide (CaO)
should be avoided in larger amounts. Firstly, it is very
reactive, and produces heat (exothermic), which forcefully
accelerates the reaction. There are also 2-3 different types of
calcium oxide, with the OH and OH2 forms being less
reactive. Additionally, it is notoriously difficult to maintain
the oxide in a constant state, it converts to more hydrated
forms. There may be some benefits when it comes to
handling, since it readily absorbs water, but generally it will
give negative effects. In one embodiment, the CaO may be
present in concentrations below 5 wt %, preferably below 3
wt %, even more preferably below 1 wt %, and most
preferably CaO is only present between 0 wt % and trace
amounts. The use of a phosphorylated amino acid can
replace the need for CaO and improve the properties of the
soft tissue adhesive.

[0039] The composition may comprise any suitable
amount of aqueous solution for example 5-95 wt % of the
total weight of the composition, such as 10 wt % or more,
or 15 wt % or more, or 20 wt % or more, or, or 90 wt % or
less, or 80 wt % or less, or 70 wt % or less, or 60 wt % or
less, or 50 wt % or less, or 40 wt % or less, or 30 wt % or
less, or 25 wt % or less. Increasing amount of water reduces
the strength of bonding. The water may be distilled or
deionized water or any water of high purity but tap water
may also be used. The aqueous solution may also be in the
form of a hydrogel such as hyaluronic acid, polyvinyl
alcohol, chitosan, collagen or a combination thereof. By
using a hydrogel as the aqueous solution the composition
may more easily remain at the wanted location during
curing.

[0040] An advantage of the present invention is that the
curing time may be tailored so that it cures at the right
moment. This is dependent on the application. Sometimes
the composition should cure very rapidly and sometimes the
composition should be mixed or shaped for a while and
when applied it might need some adjustment and therefore
the curing should be postponed.

[0041] A retardant such as sodium citrate may be added to
the reaction mixture and the amount may be 0.1-40 wt %
(solid content) or 0.8-8 wt % of the total weight of the
composition. In one embodiment the amount of the retardant
is 3.5-7 wt % of the solid content. The retardant may be but
is not limited to sodium citrate or citric acid. The compo-
sition may further comprise additives such as growth fac-
tors, nutrients, anti-oxidants and so on. But the composition
works without retardants and additives and in one embodi-
ment at least 95 wt % of the solid content of the composition
comprises a-TCP, phosphorylated amino acid and silicate
compound, such as at least 98 wt %, or at least 99 wt %.

Preparing and Curing of the Composition

[0042] The composition is formed by mixing the solid
components a-TCP and phosphorylated amino acid with the
aqueous solution.

[0043] Preparing the composition may be done by pre-
mixing the silicate, phosphoserine (pSer) and a-TCP pow-
ders. The mixing may be done by stirring, kneading or
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shaking using any suitable means. The aqueous solution is
then added and mixed. Formulations with higher amounts of
pSer are easy to mix, while some formulations require
mechanical force to obtain a good mixture. The mixing is
done during a couple of seconds such as 10-30 seconds and
may then be allowed to set for a couple of seconds, 5-120
seconds, prior application. The phosphorylated amino acid
may be pre-dissolved in a solvent before adding the a.-TCP.
[0044] The curing may be done at any suitable tempera-
ture. In one embodiment the mixing is done at room tem-
perature or below, 10-25° C., and kept at 25° C. or lower,
such as 10-20° C. After applying the composition the curing
temperature is preferably increased to 37° C. or higher.
[0045] Curing of the composition will occur when mixing
the solid components a-TCP and phosphorylated amino acid
with the aqueous solution. The curing reaction will lead to
the formation of a thick paste and ultimately a solid cement.
[0046] The composition according to the present invention
may have a shear strength to skin of at least 10 kPa, or at
least 25 kPa, or at least 50 kPa, or at least 75 kPa when
measured after 1.5 h of curing at 100% humidity and 37° C.
[0047] The composition according to the present invention
may have a shear strength to tendon of at least 25 kPa, or at
least 50 kPa, or at least 75 kPa when measured after 1.5 h
of curing at 100% humidity and 37° C.

[0048] The composition according to the present invention
may have a shear strength to collagen of at least 15 kPa, or
at least 19 kPa when measured after 1.5 h of curing at 100%
humidity and 37° C.

Applications

[0049] The composition according to the present invention
may be used for a variety of applications. Due to the ease of
applying the composition and the mechanical strength of the
cured composition the composition may be used as an
adhesive for biological tissue. By applying the composition
to soft tissue another soft tissue or the same soft tissue may
be adhered and a sufficient mechanical strength is formed
between the two soft tissues. The soft tissue may be selected
from but is not limited to tendon, ligament, cartilage, fascia,
skin, fibrous tissue, muscle, fat, nerve, blood vessel, liver,
stomach, hair, nails, eye lashes, intestines, bladder, brain,
eyes, uterus, lungs, esophagus, heart, lung, kidney, spleen
and glands. In one embodiment the soft tissue is selected
from fascia, skin, fibrous tissue, muscle, fat, nerve, blood
vessel, liver, stomach, intestines, bladder, brain, eyes, uterus,
lungs, esophagus, heart, lung, kidney, spleen and glands. In
one embodiment the soft tissue is cartilage or tendon. In one
embodiment the soft tissue adhesive according to the present
invention is used to adhere a soft tissue to a hard tissue, or
adhere two different soft tissues together. In one embodi-
ment the soft tissue is a tissue having an extra cellular
matrix, collagen and elastin. In another embodiment the soft
tissue is a tissue having an epithelium. FIGS. 4 to 8 disclose
the peak force when the present composition is used for
different tissues.

[0050] An implant or a scaffold may also be adhered to a
soft tissue by using the composition according to the present
invention. The implant or scaffold may be made of synthetic
or biological material or a combination thereof. Synthetic
materials may be metal, polymers or ceramics where the
metals may be titanium, niobium or alloys of the same or
aluminum oxide, stainless steel, where the polymers may be
polyurethane, polyesters (c.g. polylactic acid, polyglycolic
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acid, polycaprolactone), polyacrylates (e.g. polymethyl
methacrylate, poly(2-hydroxyethyl methacrylate)),
polyethers (e.g. polyethylene glycol), polysiloxanes (eg.
Silicone), hydrogels (c.g. polyvinyl alcohol) and polyvinyls
(e.g. polyethylene, polypropylene, polyisbutylene, polysty-
rene) and where the ceramics may be calcium phosphates
(e.g. hydroxyapatite, monetite, tetra calcium phosphate),
metal oxides (c.g. aluminum oxides, zirconium oxides,
titanium oxides) or bioglass. The implant may be an car,
fixation material, screw or tubes. Biological materials may
be, but are not limited to, collagen, hyaluronic acid, chito-
san, cells, tissue, decellularized tissue, platelet rich plasma,
Matrigel®, demineralized bone, fibrin, cellulose, synthetic
or natural silk etc. The material may be in the shape of
particles, fibres or a solid surface.

[0051] During the healing process after treating damaged
tissue the tissue or the scar lacks the sufficient mechanical
strength and the repaired tissue may leak body fluids. The
present invention may be used to further strengthen the
tissue during healing or scar formation and may even be
used to seal the tissue in order to minimize leakage of body
fluids. For example in combination with sutures the present
composition may be added to the tissue section to be sutured
together in order to provide further strength and scaling.

[0052] Adhering of a first tissue to a second surface may
be done by applying the tissue adhesive or the composition
according to the present invention to the first tissue. This
may for example be two or more tissues or a tissue to a
surface such as an implant or scaffold. The composition may
also be applied to the second surface as well. The adhesive
may be left for a suitable period of time before bringing the
two or more tissues or surfaces into contact with each other.
The time is dependent on content of the adhesive and the
curing time and also on the tissues or materials but non-
limiting examples are 10 seconds or longer, or 30 seconds or
longer, or 1 minute or longer, or 5 minutes or longer. In one
embodiment the composition is left for 20 seconds to 60
seconds before bring the two or more tissues or surface into
contact with each other. The surfaces are then brought into
contact with each other and if necessary pressure may be
applied. The pressure is applied depending on the tissue/
material and the cure time of the composition but non-
limiting examples are 10 seconds or longer, or 30 seconds or
longer, or 1 minute or longer, or 5 minutes or longer. In one
embodiment a pressure is applied for 1-3 minutes. In order
to cure the composition faster energy may be applied to the
composition or to the part of the tissue to which the
composition have been applied. This may be done by
applying UV, heat or radiation of any suitable type for a
couple of seconds up to minutes. The adhesive or the
composition is then left to cure to the final cured composi-
tion. The adhesive may be fully cured after 5 minutes up to
48 hours depending on the composition and the tissue or
surface. FIG. 5 shows the peak force (maximum force before
breaking) after different curing times.

[0053] The curing time is dependent on the ratios of the
inherent components however due to that the composition
starts to cure when mixed the composition is mixed together
at a suitable time prior to use or application. In certain
applications the composition should cure rapidly after appli-
cation of the composition and in other applications a slower
curing is wanted. The present invention facilitates tailoring
of the curing time so that the user may prepare the compo-
sition on beforehand without having a fully cured compo-
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sition when it is time to apply it or prepare it to obtain a
composition that is still shapeable or to prepare a composi-
tion that cures almost instantly.

[0054] The method may be performed in vivo or in vitro
but some of the steps may be done in vitro followed by steps
done in vivo. Injuries that require replacement of large
pieces of tissue are unable to heal without intervention.
Large pieces of tissue cannot currently be grown for implan-
tation because oxygen and nutrients cannot penetrate deeper
than 500 um-2 mm. One example of a solution to this
problem is to grow multiple smaller pieces of tissue and to
adhere them together (in vitro or ex vivo), immediately prior
to implantation in vivo by using the composition according
to the present invention.

[0055] The working time can be broken into three phases:
The mixing and tacky phase, the dough phase and the final
cured phase. During the mixing and tacky phase the mixture
is casily mixed and flows with minor resistance. The pre-
ferred application period is near the end of the tacky phase
and beginning of the dough phase. The dough phase is
characterized by an increase in cohesion and decrease in
adhesion. During the dough phase adhered tissue can be
easily rearranged, aligned or even separated and reattached
with minor effect on the final bond strength. However,
during the dough phase application of the thickened and
more cohesive mixture can be more difficult, thus the tacky
phase is the preferred application period, while the dough
phase is the preferred time for rearrangement. Finally,
during the final cure phase the adhesive no longer moves
easily, if at all, and revisions may significantly affect final
bond strength.

Kit for Preparing the Composition

[0056] A kit comprising the different components of the
composition may be used to prepare the present composi-
tion. The kit may comprise at least two containers where the
containers may be any suitable type of container such as a
bowl, bag, dish, plate, beaker, flask, tin, cup or bottle and
may be of any size and shape. Any one container in the kit
can contain any of an aqueous solution, the phosphorylated
amino acid or the a-TCP or a combination thereof, with the
proviso that both the phosphorylated amino acid and the
a-TCP cannot be present in the same container as the
aqueous solution. In other words one container may com-
prise the aqueous solution while a second or additional
container may comprise the solid components (the phospho-
rylated amino acid and the a-TCP), or one container may
comprise the aqueous solution and one of the solid compo-
nents and the second container comprises the other two solid
components, or one container comprises the aqueous solu-
tion and one of the solid components and the second
container comprises the aqueous solution and the other two
components (with the proviso that the other two components
are not a-TCP and the phosphorylated amino acid). If a
silicate compound is used it may be in the form of two or
more reactants that may react to form the silicate compound.
The two or more reactants may be in the same compartment
or may be in separate compartments. In one embodiment the
kit comprises three or more containers. The amount of
aqueous solution, phosphorylated amino acid, silicate com-
pound and a-TCP in the containers is such that when mixed
the composition according to the present invention.

[0057] The kit may also be in form of a syringe having at
least two compartments. The compartments in the syringe
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can contain any of an aqueous solution, the phosphorylated
amino acid or the o-TCP or a combination thereof. However
both the phosphorylated amino acid and the a-TCP cannot
be present in the same compartment as the aqueous solution.
In other words one compartment may comprise the aqueous
solution while a second or additional compartment may
comprise the solid components (the phosphorylated amino
acid, the silicate compound and the a-TCP), or one com-
partment may comprise the aqueous solution and one of the
solid components and the second compartment comprises
the other two solid components, or one compartment com-
prises the aqueous solution and one of the solid components
and the second compartment comprises the aqueous solution
and the other two components (with the proviso that the
other two components are not the a-TCP and the phospho-
rylated amino acid). If a silicate compound is used it may be
in the form of two or more reactants that may react to form
the silicate compound. The two or more reactants may be in
the same compartment or may be in separate compartments.
In one embodiment the kit comprises three or more com-
partments. The amount of water, phosphorylated amino acid,
silicate compound and a-TCP in the compartments is such
that when mixed the composition according to the present
invention.

[0058] The syringe further comprises a mixing device that
is configured to mix the components of the compartments
during application of the components. The mixing device
may be arranged at the tip of the syringe or within the
compartments.

EXAMPLES

Example 1

[0059] FIG. 1 discloses a schematic figure representing the
bonding and structure of the set product.

Example 2

[0060] Fresh porcine skin, from the ear, was kept frozen
(=20 C) and thawed at room temperature (21 C) for 3 hours
prior to testing. Test size per sample was 0.256 g of powder
and 53.3 ul of liquid. Skin was sectioned into strips 1.5 cm
wide by 3 cm long, with an overlap of 1 cm. An adhesive
formulation that included alpha-TCP and phosphoserine was
applied to the overlap area, within 45-60 seconds of mixing,
and then samples clamped together to ensure a complete
sealing, then were sealed in a humid container and allowed
to cure for 90 minutes. The X-axis represents the weight
percentage comprised of phosphoserine, the Y-axis repre-
sents the peak force before failure occurred (N/em?). Lap
shear testing was performing by fixing each end of the tissue
(clamps) and applying tensile stress (pulling) at a speed of
5 mm/minute.

[0061] Results are seen in FIG. 2.
Example 3
[0062] Fresh porcine skin, from the ear, was kept frozen

(=20 C) and thawed at room temperature (21 C) for 3 hours
prior to testing. Test size per sample was 0.256 g of powder
and 53.3 ul of liquid. Skin was sectioned into strips 1.5 cm
wide by 3 cm long, with an overlap of 1 cm. An adhesive
formulation that included alpha-TCP and phosphoserine was
applied to the overlap area, within 45-60 seconds of mixing,
and then samples clamped together to ensure a complete
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sealing, then were sealed in a humid container and allowed
to cure for 90 minutes. The results are disclosed in FIG. 3,
the X-axis represents the curing time (in hours), the Y-axis
represents the peak force before failure occurred (N/ecm?).
Lap shear testing was performing by fixing each end of the
tissue (clamps) and applying tensile stress (pulling) at a
speed of 5 mm/minute.

Example 4

[0063] As described in Example 2 and FIG. 2. An adhesive
formulation that included alpha-TCP and phosphoserine was
applied to the overlap area, within 45-60 seconds of mixing.
The X-axis represents the different tissues adhered to self-
tissue type. The Y-axis represents the average peak failure
strength in newtons per centimeter squared (N/cm?). Lap
shear testing was performing by fixing each end of the tissue
(clamps) and applying tensile stress (pulling) at a speed of
Smm/minute. Values represent the peak force before failure
occurred (N/cm?). The sample labeled “Tendon” tested the
lap shear strength of adhered overlapping tendon segments,
while the sample labeled “Tendon®” represent the average
value of tendons that were adhered at the severed faces on
each end (end to end). Results are seen in FIG. 4.

Example 5

[0064] As described in Example 3 and FIG. 3, at different
curing temperatures. Porcine skin strips were attached to
self-tissue type (skin), with an approximate 1 cm overlap,
and allowed to cure for 10 minutes, 1 or 24 hours. An
adhesive formulation that included alpha-TCP and phospho-
serine was applied to the overlap area, within 45-60 seconds
of mixing, The X-axis represents the curing time, in hours.
The Y-axis represents the average peak lap shear failure
strength in newtons per centimeter squared (N/cm?). Values
represent the peak force before failure occured (N/em?).
Results are seen in FIG. 5.

Example 6

[0065] As described in Example 2 and FIG. 2. Porcine
skin strips were attached to hard and soft tissues, with an
approximate 1 cm overlap, and allowed to cure for 1 hour,
at 37 C in a humid environment. The values for Tisseel are
taken from reported values in the scientific literature, and
included for comparison only. The adhesive formulation
including alpha-TCP and phosphoserine was applied to the
overlap area, within 45-60 seconds of mixing, The X-axis
represents the tissue type adhered to porcine skin. The Y-axis
represents the average peak lap shear failure strength in
newtons per centimeter squared (N/cm?). Results are seen in
FIG. 6.

Example 7

[0066] As described in above. Porcine skin strips were
attached to hard and soft tissues, and materials associated
with biomaterials or industrial materials. Skin was attached
with an approximate 1 cm overlap, and allowed to cure for
1 hour, at 37 C in a humid environment. The adhesive
formulation including alpha-TCP and phosphoserine was
applied to the overlap area, within 45-60 seconds of mixing,
The X-axis represents the tissue or material type adhered to
porcine skin. The Y-axis represents the peak lap shear failure
strength in newtons per centimeter squared (N/cm?). Results
are seen in FIG. 7.
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Listing of claims:

1. A method of adhering a first soft tissue to a second soft
tissue using a tissue adhesive comprising an aqueous solu-
tion, a.-TCP and a phosphorylated amino acid, wherein the
method comprises:

a. applying the tissue adhesive to the first soft tissue or to
the second soft tissue and optionally leave it for a
suitable period of time;

b. bringing the first tissue and the second tissue into
contact with each other;

c. optionally applying a pressure on the first and second
tissue for a suitable period of time; and

d. letting the tissue adhesive cure;

wherein the amount of phosphorylated amino acid is
40-90 wt % of the solid content.

2. The method according to claim 1 wherein the steps are

performed in vitro.

3. The method according to claim 1 wherein the amount
of the phosphorylated amino acid is 60-80 wt %.

4. The method according to claim 1 wherein at least 95 wt
% of the tissue adhesive comprises the aqueous solution,
a-TCP and the phosphorylated amino acid.
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5. The method according to claim 1 wherein at least 98 wt
% of the tissue adhesive comprises the aqueous solution,
a-TCP and the phosphorylated amino acid.

6. The method according to claim 1 wherein at least 98 wt
% of the tissue adhesive comprises the aqueous solution,
a-TCP and wherein the amount of phosphorylated amino
acid is 60-80 wt %.

7. The method according to claim 1 wherein the phos-
phorylated amino acid is phosphorylated serine.

8. The method according claim 1 wherein the tissue
adhesive does not comprise a silicate compound.

9. The method according to claim 1 wherein the aqueous
solution is water.

10. The method according to claim 1 wherein the tissue
adhesive further comprises a hydrogel.

11. The method according to claim 1 wherein the tissue
adhesive further comprises collagen.

12. The method according to claim 1 wherein at least one
of the first and the second soft tissue is selected from tendon,
ligament, fascia, skin, fibrous tissue, muscle, fat, nerve or
blood vessel.



