Bl OLOCG CAL MATERI AL SUI TABLE FOR THE THERAPY OF OSTEQARTHROSI S, LI GAMENT
DAMAGE AND FOR THE TREATMENT OF JO NT DI SORDERS FI ELD OF THE | NVENTI ON The
present iwoentwm20egards a biol ogical material in visc®a3/HPRUIOIBDr m
suitable for the therapy of osteoarthrdsis, tendons, |iganments damage, for
the treatnment of joint and connective tissues disorders in general, and
damaged skin. PRIOR ART The joint cartilage is particularly suitable to
resi st agai nst conpression, it neither has bl ood supply nor |ynphatic

drai nage amddriioderent i meryrinee ofunexwer endiorgs. THhI S THPRAES that it is
not capabl e of selfregeneration to conpensate a surface |lesion, unless the
under | yi ng csubehendals dsgyarrdameot bavotyesio Thus, Thk thecantir age | esi on
is not deep, there will be no regenerative response. On the contrary, if

t he damage jicsdeep sangpenetrates into the subchondral bone, it triggers a
self-reparative process hence the bone marrow stemcells start a
chondrocyte differentiation process which may |lead to partial reparation of
t he danaged cartil age. Synptons, such as pain and swelling of the joint

(such ag farrxamp edhe kneeon My be the result of a

The present invention regards a biological material
in wviscous 1ligquid form suitable for the therapy of
osteoarthrosis, tendons, ligaments damage, for the

10 treatment of Jjoint and connective tissues disorders in
general, and damaged skin.

PRIOR ART

The Jjoint cartilage 1is particularly suitable to
resist against compression, it neither has blood supply

15 nor lymphatic drainage and it is entirely free of nerve
endings. This implies that it is not capable of self-
regeneration to compensate a surface lesion, unless the
underlying subchondral layer is not involved.

Thus, if the cartilage lesion is not deep, there will

20 be no regenerative response. On the contrary, 1f the
damage 1is deep and penetrates into the subchondral bone,
it triggers a self-reparative process hence the Dbone
marrow stem cells start a chondrocyte differentiation
process which may 1lead to partial reparation of the

25 damaged cartilage.



damaged cartil age and the progressive degeneration of the sane may devel op
osteoarthritis. This type of lesion may frequently occur in professional
at hl et es Woreotihmos2bhey are nore subjected to traunma) , @®CTIER2E0HEIIBY
patients, due to joint trauma and postural defects, or to the nornmal wear
of the cartilage related to the age of the subject. Actually, in the
chondral |esions of the knee joint, non-surgical treatnments of this type
whi ch include physiotherapy and nedi cation, do not allow conpl ete healing
of the cartil agengdeforct, weiieh ifst gad nwasnat taidiedingv bl gopd pericent ages
of success, after the performance of particularly innovative
intra-articuhah sid gEeal eixaplant atHon: 0per At naks belhendraiBs§Ut gogala
cartilage repair techniques known in the prior art are: 1 . autol ogous
chondr ocyt @ dnRlcantatdtan Adar Qugh ale hasrdamo i ffefentr Surgl cal direocedur es
in sequence: the first, less invasive, provides for the collection (by

means of ardH0s6aPYeRf1 B NERa G tidiage tissue of the patient from
ot her non-injured areas of the joint, or froma non-articular cartil age.

The col kected sanpl e {godhugesenic10,a | ahoratary fafeip VEEEQr  in
cel | ul arexpansi on. Once the chondrocytes multiply, there follows the actual

surgi cal 0%%%%@§§1&§¥F%&%ﬂglé§'@ﬂ@&ﬁkﬁgthey are more subjected to

trauma), or in elderly patients, due to joint trauma and
postural defects, or to the normal wear of the cartilage
related to the age of the subject.

10 Actually, in the chondral lesions of the knee joint,

non-surgical treatments of this type which include

physiotherapy and medication, do not allow complete
healing of the cartilage defect which instead was
attained, with good percentages of success, after the
15 performance of particularly innovative intra-articular
surgical implantation operations.
The main surgical cartilage repair technigques known
in the prior art are:
1. autologous chondrocyte implantation through at
20 least two different surgical procedures in sequence: the
first, less invasive, provides for the collection (by
means of arthroscopy) of a normal cartilage tissue of the
patient from other non-injured areas of the joint, or
from a non-articular cartilage. The collected sample is

25 thus sent to a laboratory for in vitro <cellular



directly in the lesion site, the produced chondrocytes (vehicled in saline
sol utions) which may be possibly "fixed in situ" wth autol ogous peri osteal
ti ssue. TWD0prwmeses is extrenely expensive in that it PEHEHPRES/02918%r gi ca
operations and the process for in vitr® growh of the chondrocytes. Thus,
this entails the double adm ssion of the patient in hospital, hence the
patient being subjected twice to anaesthesia and twi ce to pharmacol ogi cal
treatment. 2 . A second sinpler nethod consists in perform ng perforations
on the joi rixswsfiace tohdeache t BRosUbEBoNdE ahullispue, ofc niche iMmjiured ar ea
and thus allow the formati on of a nesenchymal bl ood cl ot capabl e of

reachi ng theccartilage def@tiasurdraset whier echBeseehlys may qartd g,
differentiate into chondrocytes. However, the newy formed cartilage tissue

was mai nly diidarqus, and perhyedd nen | kkeet hecrdi %k@&u@@at idrRgRandstddus, it
shall not have the sane physical and nechani cal characteristics of the

native jointyerd c1d8ovn fogat heet reatymnin Of gt eqcard) | Bgi nRusigsi ons, s
the insertion of surgical inplantations or polyner scaffolds containing

chondr ogyt e ;gndf of, nesepehymal, stemcalls Lo -1His-£ases ke .mggrd al
whi chconstitutes the scaffold may be sem synthetic pol ysacchari de such as,

for exa”plﬁﬂﬂfééy§1 YgtiéQEfgméfva expensive in that it requires 2

surgical operations and the process for in vitro growth
of the chondrocytes. Thus, this entails the double
admission of the patient in hospital, hence the patient

10 being subjected twice to anaesthesia and twice to
pharmacological treatment.

2. A second simpler method consists in performing
perforations on the joint surface to reach the
subchondral tissue of the injured area and thus allow the

15 formation of a mesenchymal blood clot capable of reaching
the cartilage defect surface, where the cells may partly
differentiate into chondrocytes. However, the newly
formed cartilage tissue was mainly fibrous and non-
hyaline like the initial cartilage and, thus, it shall

20 not have the same physical and mechanical characteristics
of the native joint.

3. Known for the treatment of osteocartilaginous
lesions, 1s the insertion of surgical implantations or
polymer scaffolds containing chondrocytes and/or

25 mesenchymal stem cells. In this case, the material which



hyal uronic acid (1) , or consist in collagen matrices. Even this procedure
was particularly expensive and required double adm ssion of patient in
hospi t al woOtoH/@e’2|I e operation, as descri bed previ ousl PCTAPMIOBIISRT Y
common type of |esion and/or inflammtidon of the connective tissues is the
| esion of liganments or tendons, and in particular that of the Achilles

t endon, especially anong professional athletes, generally treated (inits
nost serious forms) even surgically due to the need of partial or total
reconst r uctdoois taft ithe 1 nj tned tisssueoldp t andat e, bbhe SangigaltHeachni ques
used to repair liganents were based on the graft of tissues and on

synthetic prastheses.riwhi cudroweyerrhavexanpi 8] t edaeffiveireney cavamnd i ne.
Recent scientific publications have instead proven the capacity of the stem

cell's to regenstidicle theid Pssugr obchhesdanmpged 1tienrdonsnand dd ganpats:
mesenchymal cells collected fromthe same stemcells introduced into the

injured Achiyilespt 60890y WeIe | Pafactul LAt QR 4RO RO S Ay pi cal
cells of the tendon) . The tendon was thus repaired due to an 1ncrease of

product son of, aQl | gggnswhibeh frkes (e d i gamenis, f.exi bhe and goupie
resi stant. Recently, both in maxillofacial and bone surgery' but also (and

above all) Jf LAY GONNECHME L3S eviously.

Another very common type of lesion and/or
inflammation of the connective tissues is the lesion of
ligaments or tendons, and 1in particular that of the

10 Achilles tendon, especially among professional athletes,
generally treated (in its most serious forms) even
surgically due to the need of partial or total
reconstruction of the injured tissue. Up to date, the
surgical techniques used to repair ligaments were based

15 on the graft of tissues and on synthetic prostheses,
which however have a limited efficiency over time. Recent
scientific publications have instead proven the capacity
of the stem cells to reconstruct the tissue of the
damaged tendons and ligaments: mesenchymal cells

20 collected from the same stem cells introduced into the
injured Achilles tendon, were in fact transformed into
tenocytes (typical cells of the tendon). The tendon was
thus repaired due to an increase of production of
collagen which makes the ligaments flexible and

25 resistant.



surgery (and particular in the reconstruction/regeneration of
tendons/|iganments and skin) , the use of platelet-rich henpo -derivatives
has becorwororigoesd nore common, in that this type of mRCE&mP2a010/059183 ch in
trophic factors such as AG- (Autol ogous growth factor concentrate), and in
particul ar PDGF-AB and TGF b etc (3) '(4) . These heno-derivatives are in
fact used for stinulating the reparative processes of the damaged skin
following to the presence of venous ulcers, mainly in diabetic patients.
The stimul ati omecentaryal bythriiggenedi M bhadifif ersert pehbodolregires?’ as for
exanple: a ) nechanical stinulation, b ) local application of growth
factors, cnud ocalscappkheat kppvef LissueiengimeerddihdFoduct &isthies
mechani cal stinulation consists in the abrasion of the bottom and edges of

the | esionMifa dry steribhg gauze opaWtBuaspi stoury up to bl eedjng. The
| ocal application of growh factor with a platelet concentrate dissolved in

bl asm al | usdhie 2162560 PR h Bt ogeshands pnoh agened | ¢ et i on)

TG--B (for fibroblasts stimilation) EG- (for epidermal and nesenchynal

cel | sstsmulabign) apd (& (8% s oDl £Le Of 5 Gel hhar dupligatian) nahe

experinmentation has denonstrated an
become more and more common, in that this type of

material is rich in trophic factors such as

AGF (Autologous growth factor concentrate), and in

particular PDGF-AB and TGFBR etc ',

10 These hemo-derivatives are in fact used for
stimulating the reparative processes of the damaged skin
following to the presence of venous ulcers, mainly in
diabetic patients.

The stimulation is normally triggered with different

15 methodologies, as for example:

a) mechanical stimulation,

b) local application of growth factors,

c) local application of tissue engineering products.
The mechanical stimulation consists in the abrasion

20 of the bottom and edges of the lesion with a dry sterile
gauze or with a bistoury up to bleeding. The 1local
application of growth factor with a platelet concentrate
dissolved in plasma allows the release of PDGF (with
mitogen and angiogenetic action), TGF-B (for fibroblasts

25 stimulation) EGF (for epidermal and mesenchymal cells



increase in tissue vascul ari zation al though these henoderivatives are
difficult to be handled and their permanence in situ has a very short

dur at i on.wOhe11tdoss0e engi neeri ng products are nore receRCTARAIANIBH t he
form of heterol ogous fibroblasts and kerati nocytes on a bioconpatible
support or in the formof autol ogous fibroblasts on a hyaluronic acid
support. This entails the use of surgical practice to take the cells from
the patient in order to growthemin vitro before | oading themon the
support. Censinlgratigrihe previ ouslry degses i bed @il of dhe ardl1dicih
regarding the intra-articular or intradermal adm nistration of the cellular

conponent angitike tireat.menthe- Wkpbrphahehet opr ogiet Sgem@fsihe-ddj wred
regi ons of tendons/ligaments or skin (both cellular conponents and platel et

rich heno- derdratdeve; hetngsadmypisshiared Dy iRans: Ofospecikakssyridges) ,
there arises the need of providing a "carrier” that is sufficiently fluid

but al so capahle af;si My tanepust yoensuripg: e angaadephysineal /drehani cal
consistency , to allow the abovenenti oned adm nistration safeguarding the

vitality, %@ IR agy Qaf-f he cel Luhar siephr angs «and,, si nul taneously, the
capacity of proliferation anddifferentiation of the vehicled cells, but

whi ch, in add'wH@Ltlssue engineering products are more recent and
are in the form of heterologous fibroblasts and
keratinocytes on a biocompatible support or in the form
of autologous fibroblasts on a hyaluronic acid support.

10 This entails the use of surgical practice to take the
cells from the patient in order to grow them in vitro
before loading them on the support.

Considering the previously described state of the
art, both regarding the intra-articular or intradermal

15 administration of the cellular component and the
treatment - with platelet products - of the injured
regions of tendons/ligaments or skin (both cellular
components and platelet rich hemo-derivative being
administered by means of special syringes), there arises

20 the need of providing a “carrier” that 1is sufficiently

fluid but also capable of simultaneously ensuring:

- a good physical/mechanical consistency, to allow

the abovementioned administration safeguarding the
vitality, the morphology of the cellular membranes and,

25 simultaneously, the capacity of proliferation and



- allows maintaining the abovenentioned cells in the lesion site w thout
requiring further fixing needing subsequent suturing and nedi cations. Due
to sim|avorensoos) it is necessary to provide a "carri @CT/EPapalobasdf
safeguarding the integrity of the platél et heno-derivatives to be used, in
order to guarantee all biochem cal and enzymatic properties of the proteins
(i.e. the abovenentioned trophic factors) contained therein and which,
above all, allows nmaintaining adm ni stered active ingredients in the |esion
site . SUMNMARY c@entHE tIiNVENDIFONc hdowsett hel cappldeqant, hastdigsiedyiey edird hat it
is possible to overcone the abovenenti oned drawbacks of the prior art by
means of thediitaleegi cal nmaterial according to the present invention. In
particular, the biological material according to the present invention

conprises: a )a lJdiqWWk G 1€, COMPriss Ngpav¥heaPUSNEQl UENOR GeNt@idi ng at
| east one natural and/or sem synthetic polysaccharide, and having a Dynam c

viscosity neasyred«at «20,0€,80d ategheatnfat uPindF350i8idy . fmpriged
bet ween 100 and 250 cPoi se and/or a Kinenmatic viscosity conprisedbetween 99

and 248¢St (pRasiHed al;t q%jgpggmpg%@ﬂgéyp&msb ) a culture or an

ext enpor aneous preparatlon

Due to similar reasons, it is necessary to provide a
“carrier” capable of safeguarding the integrity of the
platelet hemo-derivatives to be used, 1in order to
guarantee all biochemical and enzymatic properties of the

10 proteins (i.e. the abovementioned trophic factors)
contained therein and which, above all, allows

maintaining administered active ingredients in the lesion

site.

SUMMARY OF THE INVENTION.

15 Now, the applicant has discovered that it is possible
to overcome the abovementioned drawbacks of the prior art
by means of the biological material according to the
present invention.

In particular, the biological material according to

20 the present invention comprises:

a)a ligquid carrier comprising a viscous solution
containing at least one natural and/or semisynthetic
polysaccharide, and having a Dynamic viscosity measured
at 20°C and at shear rate of D=350 s}, comprised between

25 100 and 250 cPoise and/or a Kinematic viscosity comprised



mesenchymal stemcells, and/or c)a platelet-rich heno-derivative . This
type of material is suitable for the therapy of osteoarthrosis, cartil age
damage, twodon/meszage (in particular the Achilles tendoRCiaPageNs9183

| i gaments and, generally, in the joints and connective tissues disorders in
general and damaged skin. In addition, the present invention further

rel ates to pharnaceutical conpositions conprising the biological materi al

of the present invention, in particular suitable for intra-articular ,

i nt r ader malpcadidai YT @ndd 2488t AlnBe sintfediartectheapinieC aidnen dirishe | esi on
site. DETAILED DESCRI PTION OF THE I NVENTION. Relating to the present

invention, thegherm visTouse SQlut ben bscuspdrhgeeip t@rdpuliLatenaor
honbgeneous m xture of two or nore conponents present in which is a solute

i.e. the natdyal-rand/10rseemintd)etdne Rl ysaccharide entirely dissolved in
a solvent usually water, where the term"water"” is used to indicate water

for |njectablecQ%e@q%%%u%Qsmf%@|Hy%§yyéyy¢@%rﬁgc This type of solution
shoul d not be confused with the so-called gel or hydrogel i.e. a semsolid

product 5 whose r¢Qrupnens s, do  not, di ssplve, i paphne sglvent, tl?llé rapy of
remai nsuspended therein and 1t 1s generally nmade of material which is

obtai ned thyqugh the Greatian,of; threedigensional o qon  damage  (in

particular the Achilles tendon damage), ligaments and,
generally, in the joints and connective tissues disorders
in general and damaged skin.

10 In addition, the present invention further relates to
pharmaceutical compositions comprising the biological
material of the present invention, in particular suitable
for intra-articular, intradermal administration, but also
for direct application in the lesion site.

15 DETAILED DESCRIPTION OF THE INVENTION.

Relating to the present invention, the term viscous
solution is used herein to indicate a homogeneous mixture
of two or more components present in which is a solute
i.e. the natural and/or semisynthetic polysaccharide

20 entirely dissolved in a solvent usually water, where the
term “water” 1s used to indicate water for injectable
preparations, saline solution, etc.

This type of solution should not be confused with the
so-called gel or hydrogel i.e. a semisolid product, whose

25 components do not dissolve 1in the solvent, but remain



bonds (the so-called crosslinking) of the coval ent chem cal type, a

hydr ogen bond or Van der Waal s bond between the various conponents of the
gel and/ owo0invmeng20. The carrier in liquid form (a) in PoE/EMRO0O§I8EI
material according to the present invetion is preferably the viscous
solution containing the natural and/or sem synthetic pol ysacchari de.
According to an even nore preferred enbodi nent of the present invention,
the carrier (a) inliquid formis the viscous solution essentially

consi sti ng sefspenprldy saeeharh danaf inat ug algeard/zarn ysaem sy nbiehniaa ariizgi N and
wat er. Regardi ng the present invention, the expression "essentially

consi stingwefich i sissedptoihpdi cahedat apossibberibhrdogonponen- is
present in concentrations conprised between 0.9 and 0.001% on the total

wei ght of theevisseeus sebHtison(tddie polasacchari-desof npathyyal opriwgen is
preferably selected fromhyaluronic acid (HA) , cellulose, gellan, chitin

chitosan, RIS OICIREPIIL acish, agan9sLoqgahIhPhE 8¢ Ganal@ingiss,s starch
pol ymannans, pol yglycans, whose nol ecul ar wei ght as well as the typeof the

mol ecul §, i3 SUCHeBFeLR AlHOW gHar At €&t SrardmaLon f geoYi SGRUS, SOl ution
(and not a gel) having a

solvent.

The carrier in 1liquid form (a) in the biological
material according to the present invention is preferably
the wviscous solution containing the natural and/or

10 semisynthetic polysaccharide.

According to an even more preferred embodiment of the
present invention, the carrier (a) in liquid form is the
viscous solution essentially consisting of a
polysaccharide of natural and/or semisynthetic origin and

15 water.

Regarding the ©present invention, the expression
“essentially consisting of ” is used to indicate that a
possible third component 1is present 1in concentrations
comprised between 0.9 and 0.001% on the total weight of

20 the wviscous solution.

The polysaccharide of natural origin is preferably
selected from hyaluronic acid (HA), cellulose, gellan,
chitin, chitosan, ©pectine or ©peptic acid, agarose,
alginic acid, alginates, starch, polymannans,

25 polyglycans, whose molecular weight as well as the type



Dynam ¢ or Kinematic viscosity conprised in the abovenentioned ranges. The
pol ysaccharide of sem synthetic origin is preferably selected from

hyal ur oniwoaeildookeoi vat i ves al ready known to the man skiPCIrag2010/089183 ar t
such as, for exanple, the benzyl ester$0of hyaluronic acid described in EP
216453, its octyl, octadecyl, dodecyl and hexadecyl am de (EP1095064), and
cel lul ose esters, such as carboxynet hyl cel lul ose (CMC) and col | agen
derivatives. In any case, these natural and sem synthetic polysacchari des
must have afmwleeul aplveught suesh that the viscasitywidereoftds aonprised
in the abovenenti oned ranges, in addition they nust exhibit nol ecul ar/

physi cal chemneali shayadcd eristdes $eadt ngnt oahbenber aaiean ofavany scous
solution and not a gel. Only this type of viscosity allows obtaining a

fornul at i omysuidiabl ecto beindiecs ed JinidRsiant i cubapkysan inithe digsion
sites of tendons and/or liganments, intradernmally adm nistered in case of

cut aneous | @)% GRRRARI & hRtdy of ensuring the highest vitality of the
cells therein contained, as well as nmintaining integerall the bi ochem cal

and enzymatic preperpiessof Lhe; heoPhi€ fachoLsneprtained,ingihe ;¢
pl atel et-rich henoderivatives

preferably selected from hyaluronic acid derivatives
already known to the man skilled in the art such as, for
example, the benzyl esters of hyaluronic acid described
in EP 216453, its octyl, octadecyl, dodecyl and hexadecyl
10 amide (EP1095064), and cellulose esters, such as
carboxymethylcellulose (CMC) and collagen derivatives.
In any case, these natural and semisynthetic
polysaccharides must have a molecular weight such that
the viscosity thereof is comprised in the abovementioned
15 ranges, in addition they must exhibit molecular/
physical chemical characteristics leading to the

formation of a viscous solution and not a gel.
Only this type of viscosity allows obtaining a

formulation suitable to be
20 ¢ injected intra-articularly or 1in the lesion
sites of tendons and/or ligaments,
¢ intradermally administered in case of cutaneous
lesions,

capable both of ensuring the highest wvitality of the

25 cells therein contained, as well as maintaining integer



, possibly present. Used according to a particularly preferred form of
realization of the invention, are: a hyaluronic acid or a pharnmaceutically
accept ablwozaiyoovszer eof , preferably sodiumsalt, wth aPerapeonnseastl ar

wei ght conpri sed between 450 and 730 kDa (nedi um nol ecul ar wei ght (MN HA)
; the concentration shall be conprised between 5 and 15ng/ m, nore
preferably 1Ong/ml . a hyaluronic acid or a pharnaceutically acceptable
salt thereof, preferably sodiumsalt, with average nol ecul ar wei ght

conpri sed hativeenc10000anrdm18a80 Kbadnmeastyes: aft esrstertidsatdon (Hd gh

nol ecul ar weight (MN HA) ; the concentration shall be conprised between 2
and 12ng/ myroprie prekecakl ycbatweand6 and Shau/gilatelckher ogt yiramigde of

hyal uroni ¢ acid, preferably with nedi um nol ecul ar weight (MN , therefore a
hyal uroni ¢ Giid havidrg ,apAvLenage LGyl ar wei ght conprised in the

af oresai d range bet ween 450 and 7 kDa; the concentration of this am de

shal | be conprised betyeed: lyand 19@5?&&%@1@ ef erablyebetyegn & and
3ng/m . The hexadecyl am de of hyal uronic acid, preferably with nedium

nol ecul gr weight, (M), tfrerefore 2 hyvalurenicaci d havi ng an average
mol ecul ar wei ght conprised in the aforésai d range between 450 and 730 kDa;

the ¢ a hyaluronic acid or a pharmaceutically acceptable

salt thereof, preferably sodium salt, with average
molecular weight comprised between 450 and 730 kDa

(medium molecular weight (MW) HA); the concentration

10 shall be comprised between 5 and 15mg/ml, more preferably
10mg/ml.

® o hyaluronic acid or a pharmaceutically acceptable

salt thereof, preferably sodium salt, with average

molecular weight comprised Dbetween 1000 and 1800 KDa

15 measured after sterilisation (high molecular weight (MW)

HA); the concentration shall be comprised between 2 and
12mg/ml, more preferably between 6 and 8 mg/ml.
¢ The octylamide of hyaluronic acid, preferably with
medium molecular weight (MW), therefore a hyaluronic acid
20 having an average molecular weight comprised 1in the
aforesaid range between 450 and 730 kDa; the
concentration of this amide shall be comprised between 1
and 10mg/ml, more preferably between 2 and 3mg/ml.
¢ The hexadecylamide of hyaluronic acid, preferably

25 with medium molecular weight (MW) therefore a hyaluronic



concentration of this am de shall be conprised between 0,2 and |, 5nmg/m ,
nore preferably between 0,5 and Ing/m . Gellan; the concentration shal
be conpriweadotaweszen 2 and 8ng/ M, nore preferably 4ng/ RCT/EP2@NCS918he
concentration shall be conprised betweéh 15 and 40ng/m, nore preferably
25mg/ M. Mesenchymal stemcells may be of the autol ogous and heterol ogous
type and they are preferably those com ng fromthe bone nmarrow, peripheral
bl ood, periosteum unbilical cord or adipose tissue. For the scope of the
present i nweyitd onyvitthe eXpressicen rlaiel letr rickyie me-dderd vadd vies drs used to
indicate all platelet-rich heno-derivatives, for exanple, platelet-rich

pl asma (PRRfordsa8d t heasuper natantehi quadoconming frpmot hecment ridhaugati on
of the venous blood, the platelet concentrate (PC) , i.e. the heavier
l'iquid phasecamig tilem §he t¢ant rihi wgakhaniofpd heoppat ekat -WdGhdil asna,
and lastly the platelet gel , i.e. the platelet concentrate which - due to
the actionpf; the Flr,%@d%%n{@t QN AGeRIS (FHG 1% e eXaRle thomain) - is
transfornmed into gel ( . Depending on thé intended use and the type of

lesion, sit is Rosgiinlg to selectthhe type gl platel et-pich hemderdyative.
As a matter of fact, the three products are rich in the abovenenti oned
trophic fa%k&%%en 2 and 8mg/ml, more preferably 4mg/ml.
® CMC; the concentration shall be comprised between
15 and 40mg/ml, more preferably 25mg/ml.
Mesenchymal stem cells may be of the autologous and
10 heterologous type and they are preferably those coming
from the bone marrow, peripheral blood, periosteum,
umbilical cord or adipose tissue.
For the scope of the ©present invention, the
expression platelet-rich hemo-derivatives is used to

15 indicate all platelet-rich hemo-derivatives, for example,

platelet-rich plasma (PRP), i.e. the supernatant ligquid

coming from the centrifugation of the wvenous blood, the

platelet concentrate (PC), i.e. the heavier liguid phase

coming from the centrifugation of the platelet-rich

20 plasma, and lastly the platelet gel, 1i.e. the platelet

concentrate which - due to the action of the
precipitation agents(such as for example thrombin) - is
transformed into gel'”.

Depending on the intended use and the type of lesion,

25 it 1s possible to select the type of platelet-rich hemo-



The bi ol ogi cal material according to the present invention contains
conponents (a) and (b) or (a) and (c) , or the three conponents (a) , (b)
and (c) .wbuotiieoseore, it is preferable to add the autolPeFER301008P8Nent (C)
to the biological material conprising (&) and (b) : the abovenenti oned

pl atel et-rich heno-derivative conmes fromthe sane patient and this product
may even be prepared shortly before the patient is subjected to the
abovenentioned intra-articular injection or intradermal adm nistration, or

bef ore t he cahavenantd.oned sahecial o appdd,edcigh restky erbauthe |2 on
site. The pharnmaceutical conpositions according to the present invention

can theref arierba nused iabRidhkepady dd g niimaimlor @xt.enpor aneous) treat nent
of cartilage and bone defects (including |local use in odontoiatry to favour

the plants gripheangdicangheadi reetkyihni estedritnghecd esiron giteoft danmaged
tendons and/or |iganents or can be used in dermatol ogy both as injectable

CO”DOQtiOQ%JéMj%%i&&ﬁ%ﬁﬁgngmﬁﬁméH§§F@bi%hé”uﬁmbﬂoﬁbcﬁndﬁﬁnﬂorthe
| ocal treatnent of cutaneous ulcérs/ lesions difficult to heal/recover.

Exanpl e51 Rrepaatign of- o 4=eeus $gl utd)on contai ni ng nmedi unmol ecul ar
wei ght HA 1st stage: hydration
Furthermore, it 1is preferable to add the autologous
component (c) to the biological material comprising (a)
and (b): the abovementioned platelet-rich hemo-derivative
comes from the same patient and this product may even be
10 prepared shortly before the patient 1is subjected to the
abovementioned intra-articular injection or intradermal
administration, or before the abovementioned material 1is
applied directly onto the lesion site.
The pharmaceutical compositions according to the
15 present invention can therefore be used in orthopedy in
the (mainly extemporaneous)treatment of cartilage and
bone defects (including local wuse 1n odontoiatry to
favour the plants grip) and can be directly injected in
the lesion site of damaged tendons and/or ligaments or
20 can be used in dermatology both as injectable
compositions for an intradermal administration or for
topical use for the local treatment of cutaneous ulcers/
lesions difficult to heal/recover.
Example 1

25 Preparation of a viscous solution containing medium




An anount of the HA sodium salt polysaccharide (500- 730KDa MAN equal to

| OOng is weighed to prepare a viscous solution with a final concentration
of 10ng/ VO 20h1ienopgrdder s are hydrated with 50% of the re®aTmPA0IOFAEB3 vol umre
(5mM) using a 0.9% saline solution of $bdi umchloride, phosphate buffer or
water for injectable preparations, to obtain the desired final
concentration. 2nd stage: solubilisation The product obtained as descri bed
in stage 1 , is subjected to nagnetic stirring at anbient tenperature for
at | east lneculle remajnt mg vol une (5m ) is subsequently added to reach

t he established final concentration, and left under stirring for at |east 2
hrs up to conplet esithgsolndex ofn t he powders. The sol ution thus obtained
is subjected to sterilisation by nmeans of an autoclave or UV radiation and,
thus, subj ect edt ariigideasuriesent 9bqat iR Bunamse 1visseesiat doy mrans of a
HAAKE RS150 Rheoneter, at 2 O0C, at shear rate of D=350 s 1 . The Dynam c
viscosity obfaigiedwwas ©fudb5cProt hugohhe Py oduatyrghal Eohayesgs Ki ngmatic
viscosity of 153.6 cSt. anpl e 2Preparation of a viscous solution

cont ai nkng ;high, ol eeulai el gbt BA fina1 concentration of 10mg/ml.

The powders are hydrated with 50% of the required final
volume (5ml) wusing a 0.9% saline solution of Sodium
chloride, phosphate buffer or water for injectable
preparations, to obtain the desired final concentration.
10 2™ stage: solubilisation
The product obtained as described in stage 1, 1is
subjected to magnetic stirring at ambient temperature for
at least 1 hr.
The remaining volume (b5ml) is subsequently added to
15 reach the established final concentration, and left under
stirring for at least 2 hrs up to complete dissolution of
the powders.
The solution thus obtained is subjected to
sterilisation by means of an autoclave or UV radiation
20 and, thus, subjected to the measurement of the Dynamic
viscosity by means of a HARAKE RS150 Rheometer, at 20°C,
at shear rate of D=350 s .
The Dynamic viscosity obtained was of 155c¢P, thus the
product shall have a Kinematic viscosity of 153.6 cSt.

25 Example 2



The process is perforned like in exanple 1 starting from hi gh nol ecul ar

wei ght powders of HA to prepare two viscous solutions with a final
concent r avpantigio®ag/ M and 8 ng/m in WFl grade wat er Po@/ErRelaiosads
solutions are sterilised and thus subjéfted to the neasurenent of the
Dynam c viscosity by neans of HAAKE RS150 Rheoneter, at 20 0C, at shear
rate of D=350 s 1 . The Dynam c viscosities obtai ned were respectively:
158cP and 246c¢cP. Exanple 3 Preparation of a viscous sol ution containing
gel l an The procesparstperf opred | keddwsexaaplieidnst @it Hgn fxomuing powder s
of gellan to prepare a viscous solution wth a final concentration of

4mg/ M i n salilicne 156! widight Hre sol ution thus obtained is sterilised and

t hen subj ected to the nmeasurenent of the Dynami c viscosity by nmeans of a
HAAKE RS150 RheemBt@foces 20 0Ger ralrshear deat £, 05« Br3b0 § Lithe iBynani ¢
viscosity obtai ned was of HOcP, Exanple 4 Preparation of a viscous solution
cont ai ni ng {EMe The,Presessul S+ PREf ghred diidke o Ny exaaple %r%tp%rﬂe' ngfdy om t he
powders of CMC to prepare a viscouS solution with a final concentration of

25mg/ M 5in phosSPRAt €51 utions with a final concentration of 6mg/ml

and 8 mg/ml in WFI grade water

The obtained solutions are sterilised and thus
subjected to the measurement of the Dynamic viscosity by
means of HAAKE RS150 Rheometer, at 20°C, at shear rate of

10 D=350 s .

The Dynamic viscosities obtained were respectively:
158cP and 246cP.

Example 3

Preparation of a viscous solution containing gellan

15 The process 1s performed like in example 1 starting
from the powders of gellan to prepare a viscous solution
with a final concentration of 4mg/ml in saline solution.

The solution thus obtained is sterilised and then
subjected to the measurement of the Dynamic viscosity by

20 means of a HAAKE RS150 Rheometer, at 20°C, at shear rate
of D=350 s

The Dynamic viscosity obtained was of 110cP,
Example 4

Preparation of a viscous solution containing CMC

25 The process 1s performed like in example 1 starting



buffer . The solution thus obtained is sterilised and then subjected to the
nmeasur enment of the Dynam c viscosity by neans of a HAAKE RS150 Rheoneter,
at 20 OC woanigiees2p rate of D=350 s 1 The Dynam c vi scoPCTEPINAFNSH was of
22CcP, Exanple 5 Preparation of a viscdfus sol uti on containing the

octyl am de or the hexadecyl am de of HA with medi um nol ecul ar wei ght (MAN
The process is perfornmed like in exanple 1 starting fromthe powlers of the
octylam de (or fromthe hexadecyl am de) of nedi um nol ecul ar wei ght HA to
prepare twErdnsScoms gohdiirenso thica 4 ngkepaneed r at sepusf sdmiudorand
3ng/m, (or of O0,5mg/mM and Inmg/mM for the hexadecylam de) in saline

sol ution ofyisedi um afileni deh2%:t rEie 50l Wi onsridus. obtai Ret afder
sterilisation) are subjected to the neasurenent of Dynam c viscosity by
means of ayJddE RS150 Rheoneter, at 20 0C, at shear rate of D=350 s 1 .
The Dynamic viscosities obtained were respectively: 143cP and 22CcP for the
BPL ?/! am de,h andH6 k) andog3QRIOr ohhe i hexadecylam de ;b gHA NG gl

i bl'i ography:

5 subjected to the measurement of the Dynamic viscosity by
means of a HAAKE RS150 Rheometer, at 20°C, at shear rate
of D=350 s
The Dynamic viscosity obtained was of 220cP,
Example 5

10 Preparation of a wviscous solution containing the

octylamide or the hexadecylamide of HA with medium

molecular weight (MW)

The process 1is performed like in example 1 starting

from the powders of the octylamide (or from the

15 hexadecylamide) of medium molecular weight HA, to
prepare two viscous solutions with a final concentration

of 2mg/ml and 3mg/ml, (or of 0,5mg/ml and lmg/ml for the
hexadecylamide) in saline solution of sodium chloride

0.9

o°

20 The solutions thus obtained (after sterilisation) are
subjected to the measurement of Dynamic wviscosity by
means of a HAAKE RS150 Rheometer, at 20°C, at shear rate
of D=350 s .

The Dynamic viscosities obtained were respectively:

25 143cP and 220cP for the octylamide, and 160cP and 230cP



(1) EP 0863776; (2)"Fattori di crescita autologhi nella chirurgia ossea
ricostruttiva dopo infezione" Carlo R. Roman n et al, Unita operativa
Chi rur gi awoebl1@o@2apl i canze Osteoarticol ari Settiche (CECTEP2010859183t O
Ortopedico Gaetano Pini) . (3) "Differé&nt preparation nethods to obtain
conponents as a source of growh factors for |ocal applications”" R.
Zimermann et al ., Transfusion 2001 ;41 :1217-1224 . (4) Platelet-rich
pl asma preparation using three devices: Inplications for platelet growth
factor rel gase'tlR MAxaMecyiverilds eif ala.., G owth Factors, Septenber 2006;
24(3) .165-171. (5) US 6,841,170CLAIMS 1 . A biological materi al
conprising: a kiadd quid ieaffai@l .conprising a viscous sol ution containing
at | east one natural and/or sem synthetic pol ysaccharide, and having a
Dynam c vi scosittypmasgured .at 20 0C and at shear rate of D=350 s 1,
conprised between 100 and 250 cPoi se and/or a Kinematic viscosi ty conprised

between 99 and 248gSt(reagyred ak the same qeRAiiti eRS)La b Jhid fture or
an ext enporaneous preparation of mesenchymal stemcells, and/or c)a

p|ate'eS'”dé%&%”E&é%%ﬂﬁ@%ﬂyﬁa-dopo infezione” Carlo R. Romandn et

al, Unita operativa Chirurgia delle Complicanze
Osteoarticolari Settiche (C.0.S., Istituto Ortopedico
Gaetano Pini).
Blupifferent preparation methods to obtain components
10 as a source of growth factors for local applications” R.
Zimmermann et al., Transfusion 2001;41:1217-1224.
“’platelet-rich plasma preparation using three
devices: Implications for platelet growth factor release”
P.A.M. Everts et al., Growth Factors, September 2006;

15 24(3):165-171.
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2 . The biological material according to claiml1 , wherein the carrier in
liquid form(a) is a viscous solution conprising the natural and/or

sem synt hODi2011pob8z8acchari de. 3 . The bi ol ogi cal materi aCTAPCAOHEFNG3 t O
claim?2 , wherein said viscous solutiom8consists essentially of the

pol ysacchari de and water. 4 . The biol ogical material according to any one
of clainms 1-3, wherein the pol ysaccharide of natural origin is selected
fromthe class consisting of: hyaluronic acid, gellan, cellulose, chitin,
chitosan, pectine or peptic acid, agarpses alginic acid, alginates, starch,
pol ymannans, and pol yglycans. 5 . The biological material according to any

one ofclains 143, awhareidyithe pelysacahaonge iefinggam synthetic originis
selected fromthe class consisting of hyaluronic acid derivatives, collagen

derivatives and)cekl uliefg derhyat byescofor i I8y bi0l gk sahs My Lnitalon
according to claim4 , wherein the conponent (a) is hyaluronic acid or a

phar maceut icaldy AGEEPLRbl ecgakt bhereoisuvhiih Average JmliecH @&l ght
conpri sed between 450 and 730 kDa. 7 . The bi ol ogical material according to

clai m 55, herei the COTPORRAt La) ois 4 he, hexadecyLantde, ofddie,act vl am de

of hyal uronic acid having a medi um nol ecul ar
at 20°C and at shear rate of D=350 s 7, comprised between

100 and 250 cPoise and/or a Kinematic viscosity comprised
between 99 and 248c¢St (measured at the same conditions);

b) a culture or an extemporaneous preparation of

10 mesenchymal stem cells,and/or

c)a platelet-rich hemo-derivative.

2. The Dbiological material according to claim 1,
wherein the carrier in liquid form (a) 1is a wviscous
solution comprising the natural and/or semisynthetic

15 polysaccharide.

3. The Dbiological material according to claim 2,
wherein said viscous solution consists essentially of the
polysaccharide and water.

4., The Dbiological material according to any one of

20 claims 1-3, wherein the polysaccharide of natural origin
is selected from the c¢lass consisting of: hyaluronic
acid, gellan, cellulose, chitin, chitosan, pectine or
peptic acid, agarose, alginic acid, alginates, starch,
polymannans, and polyglycans.

25 5. The biological material according to any one of



weight (MN . 8. The biological material according to any one of clains
stemcells are of the autol ogous type and they
are sel ecwoadofwons2bhe cl ass consi sting of bone nmarrow mMPEEMPRYNMEII8E em
cells, peripheral blood nmesenchynmal stéfncells, periosteum nesenchynal

1-7, wherein the nmesenchymal

stem

cells, unbilical cord nmesenchymal stemcells or the cells of the adipose

tissue. 9 .

wherein the platelet-rich henp-derivatives are selected from anong

pl at el et -ricgchiplsasives, phiaded et coneepbnataccandipkatod efengedyntldt ithe

bi ol ogi cal

osteoart hresiigjincaris| agedanrge, tension dasage;1ddganephsdanngs,

di sorders,
according %%dﬂd%dﬁﬁgl awher ejart hect eadon Q@DBQ@ehS ddei Achitd es dendon

damage. 12. The biol ogical materi al accordlng to any one of clainms 1-11,
sel ect ed fQﬁgpﬂJy%gg @§§jg%&qw§g;ng of : biological material containing

The bi ol ogical material according to any one of clains 1-8,

material according to any one of clains 1-9, for the therapy of

skin | esions or skin ulcers. 11. The biol ogical materi al

idg¥ | oi nt

conponent (a) and (b) , biological material containing conponent (a) and

() » biol ogi cal, maherialoconiaini ng.the Jhr g comopents (&asn (), and (c)

13. Phar maceuti cal conposi

10

15

20

25

ions conprising t
wherein the component (a) 1s hyaluronic acid or a

pharmaceutically acceptable salt thereof, with average
molecular weight comprised between 450 and 730 kDa.

7. The Dbiological material according to claim 5,
wherein the component (a) is the hexadecylamide or the
octylamide of hyaluronic acid having a medium molecular
weight (MW) .

8. The Dbiological material according to any one of
claims 1-7, wherein the mesenchymal stem cells are of
the autologous type and they are selected from the class
consisting of bone marrow mesenchymal stem cells,
peripheral Dblood mesenchymal stem cells, periosteum
mesenchymal stem cells, umbilical cord mesenchymal stem
cells or the cells of the adipose tissue.

9. The biological material according to any one of
claims 1-8, wherein the platelet-rich hemo-derivatives
are selected from among platelet-rich plasma, platelet
concentrate, and platelet gel.

10. The bioclogical material according to any one of

claims 1-9, for the therapy of osteoarthrosis, cartilage



bi ol ogi cal material according to any one of clainms 1-12, suitable for
intra-articular admnistration, intra-dermal adm nistration, or applied
di rectly wo20henobg28i on site. 14. Pharmaceutical conposi PCOEP2@0089183 ng t o
claim 13, wherein the platelet-rich he@®-derivative and/or nesenchynmal stem
cells are autol ogous. 15. The pharnmaceutical conpositions according to
anyone of clains 13 and 14, for the treatnent of cartil agi neous and bone
defects, damaged tendon, danmaged |iganment or danaged skin.
damage, tendon damage, ligament damage, in joint
disorders, skin lesions or skin ulcers.
11. The biological material according to claim 10,
wherein the tendon damage is the Achilles tendon damage.
5 12. The bioclogical material according to any one of
claims 1-11, selected from the class consisting of:
biological material containing component (a) and (b),
biological material containing component (a) and (c),
biological material containing the three components (a),
10 (b) and (c).
13. Pharmaceutical compositions comprising the
biological material according to any one of claims 1-12,
suitable for intra-articular administration, intra-dermal
administration, or applied directly in the lesion site.
15 14. Pharmaceutical compositions according to claim
13, wherein the platelet-rich hemo-derivative and/or
mesenchymal stem cells are autologous.
15. The pharmaceutical compositions according to
anyone of «c¢laims 13 and 14, for the treatment of

20 cartilagineous and bone defects, damaged tendon, damaged

ligament or damaged skin.



