1 BIOLOG CAL MATERI AL SUI TABLE FOR THE THERAPY OF OSTEOARTHROSI S, LI GAMENT
DAMAGE AND FOR THE TREATMENT OF JO NT DI SORDERS 5 FI ELD OF THE | NVENTI ON
The present invention regards a biological material in viscous liquid form

suitable for the therapy of osteoarthrosis, tendons, |iganents danage, for the
10 treatnment of joint and connective tissues disorders in general, and damaged
skin. PRIOR ART The joint cartilage is particularly suitable to resist

agai nst conpression, it neither has blood supply 15 nor |ynphatic drai nage and
it is entirel ysfolesIiohLnemMrgERNAL NgSUIThBISE | NpbR es THRat THERRBY notoFcapabl e of
self-regeneration to conpensate a surface |esion, unless the underlying
subchondr al | aYEFEGARTABES T $w dl NEHENThDAYAGH ANbe FO&r THE ageE42B&iINgn GF's not deep,
there will 20 be no regenerative response. On the contrary, if the danage is
deep and penet{@tes DIAPBPERE 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 the 25 damaged cartil age.
Synpt ons, ggch astfain and swelling of the joint (such as for exanple the
knee), nmay be the é@uF?EdP“§m3§9ngd cartilage and the progressive
degeneration of the sane may devel op osteoarthritTs. 5This type of |esion may
frequently occur in

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

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

PRIOR ART

The joint <cartilage 1s particularly suitable to
resist against compression, it neither has Dblood supply

15 nor lymphatic drainage and it is entirely free of nerve
endings. This dimplies that it 1s 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, 1if the
damage is deep and penetrates into the subchondral bone,
it triggers a self-reparative process hence the bone
marrow Stem cells start a chondrocyte differentiation
process which may lead to partial reparation of the

25 damaged cartilage.



professional athletes (in that they are nore subjected to trauma), or in

el derly patients, due to joint trauma and postural defects, or to the nornal
wear of the cartilage related to the age of the subject. 10Actually, in the
chondral |esions of the knee joint, non-surgical treatnents of this type which
i ncl ude physi ot herapy and nedi cati on, do not all ow conplete healing of the
cartil age defect which Instead was attained, with good percentages of success,
after the 15 performance of particularly Innovative intra-articular surgical

| npl ant at i on oper atyinpnsms, sucHhesmadairsuagi calecaritg | age thepajainttechni ques
known in the prior art are: 1.autologous chondrocyte inplantation through at
20 | east two difdfdr et fgur gixeablpr bbedures) i msedquende tdselfi st 2 | ess

i nvasi ve, provides for the collection (by neans of arthroscopy) of a nornmal
cartil age ti ssd@nasfect RerpatdEntanflr HRF otIrsIr SR6AYE riafcedrareas ©of ke joint, or
froma non-articular cartilage. The col|ected sanple is 25 thus sent to a

| aborat ory forS3Hf Vitgr geeelqrulcgteogrthritis.

5 This type of lesion may frequently occur 1in
professional athletes (in that they 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 techniques known
in the prior art are:
1. autologous chondrocyte implantation through at
20 least two different surgical procedures in sequence: the
first, 1less 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 wvitro cellular



expansi on. Once the chondrocytes multiply, there follows the actual surgical
operation consisting in grafting, directly in the lesion site, the produced
chondrocytes (vehicled in saline solutions) which my be possibly 5 "fixed in
situ" with autol ogous periosteal tissue.3 This process is extrenely expensive
inthat it requires 2 surgical operations and the process for in vitro growh
of the chondrocytes. Thus, this entails the double adm ssion of the patient in
hospital, hence the patient 10 being subjected twice to anaesthesia and tw ce
t o phar macol ogéxqanstiveat meod . the chor@roAytsecond ipilgpl eheret frodi ceensi sts in
perform ng perforations on the joint surface to reach the subchondral tissue
of the injuredtiar eacand! t husgatd owordreatli®nf orwretiisganef ia neserichygmal bl ood
cl ot capable of reaching the cartilage defect surface, where the cells may
partly differentisgtevi itto CRontroeyt es.teHowegerrr cthecherh 9 dordredscarti | age
tissue was mainly fibrous and non-hyaline like the initial cartilage and,
thus, it shal |l (20" dE%have t RelsHmeSphysivsl) afd Chedianial Peharaet eri stics of
the native goipg, . 3. Known for the treatnent of osteocarti!lagi nous

l esions, is the iitserti dit6f Surli BAF°t WUt i'6nsSor tissue. This
polynerscaffoldscontainiugc ondr.ocyt esand/ or 25 pesenc ymal sten15ells. In

this case, the"naterial” Fcﬂemeiyco%}éqel “it’ €st'Rescat f of marff esenf synt hetic

pol ysacchari de,$uah .as . Lok XAl e 1 deSivative . Of ;L heic o growen

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 Jjoint 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 1like 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, 1is 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 E, or consist in collagen matrices. Even this procedure was
particul arly expensive and required 5 double adm ssion of patient in hospital
and a doubl e operation, as described previously.

Anot her ver yconmont ypeof | esi onand/ or inflganmati on of the connective tissues is
the Il esion of ligaments or tendons, and in particular that of the 10 Achilles
t endon, especially anpong professional athletes, generally treated (in Its npst
serious fornms) even surgically due to the need of partial or total

reconstructi oncofsttihetknj uredeti ssuetfdlo t ondat e, behe suemgsealhdtechni ques used
to repair liganments were based 15 on the graft of tissues and on synthetic
prost heses, which sroweverdhaveta dsi ntvedeedifivlc encyleovert tiaref Réeent
scientific publications have |nstead proven the capacity of the stemcells to
reconstruct therglivgonecofCthe darfagedsteéhdonscahthdsrgavent ses néseénchymal cel l's
20 collected fromthe same stemcells Introduced into the Injured Achilles

t endon, were iMW¥ackrITaNSFortied B3t s CLERbEYt BEPTRYpiccat"tef$84 6% he t endon).

The tendon s.thus repaired due to an increase of production of collagen
whi ch  makes® £ H& 1T Garfts FPBxi B &3N3y B4 SPaRtta! g=nd 'y, both in

maxi | | of aci al gnqﬁlogg sur Q%&%%eQUtrégf%%sﬁand above all) in the connective
tissues surgeryp?an par?icu ar in the recongfruction/regeneration of

tendons/liganentsA%gghgrskaLW thEoMﬁ Pftgggte'§§-rhggi9ﬁﬁpzﬁﬁﬂk atives has
becone nore and nore conmmon, in that this pe of material is rich in trophic

factors such as fiammation of the connective tissues is the lesion of

ligaments or tendons, and in 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.



AGF( Aut ol ogous growth factor concentrate),and in particul ar
etc 10These henp-derivatives are in tact used for stinulating the reparative
processes of the damaged skin follow ng to the presence of venous ul cers,
The stinmulation is normally triggered
with different 15 nethodol ogies, as for exanple: a) mechanical stinulation,

mainly in diabetic patients.

| ocal application of growmh factors, c) |ocal application of tissue

engi neering products. The nmechani cal stimulation consists in the abrasion 20
of the bottom and redgeslpf bhehl ési oaxwiidfacidrly sterbdee gauzeeror’with a
application of growh factor with a

pl at el et concentlr atésdi ssoldvedbive pladdma at | ohws t henregltéase ofssPBEF (with
TG--B (for fibroblasts 25 stinulation) EGF

hi stoury up to bl eeding. The | ocal

m t ogen and angi ogenetic action),

(for epidermal S@iteraesenchyrméhdcel | s  Barticular in the
stimul ati on)andl GF(aspr onot er of cel | ul ar

10

15

20

25

reconstruction/regeneration of tendons/ligaments and

skin), the use of platelet-rich hemo-derivatives has

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 TGFR etc )14,

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
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
of the bottom and edges of the lesion with a dry sterile
gauze or with a bistoury up to bleeding. The local
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

stimulation) EGF (for epidermal and mesenchymal cells

PDG-- AB and TGF13,

b)



duplication). The experinentation has denonstrated an increase in tissue
vascul ari zation al though these henop- derivatives are difficult to be handl ed
and their 5 permanence in situ has a very short duration. The tissue
engi neering products are nore recent andg are in the form of heterol ogous
fibroblasts and keratinocytes on a bioconpatible support or in the form of
aut ol ogous fi broblasts on a hyaluronic acid support. 10 This entails the use
of surgical practice to take the cells fromthe patient in order to grow them
in vitro beforetimoaditngni hemron t heFsup@aert . promotd@onsioder i ol Iierpr evi ousl y
described state of the art, both regarding the intra-articular or intradernal
15 adnmi ni st r atdan igkttthe) cellhgl agxconpeneati@nd hehe dameastreated wint h pl at el et
products - of the Injured regions of tendons/liganents or skin (both cellular
conponent s andtplreeeketity itdli SHenFader i ¥Htaaré cbePAGR @i nflsiser ™y means of
speci al syringes), there arises 20 the need of providing a "carrier"” that is
sufficiently fEA'dPBdical st capabitécottsi Ml tdhedisfyeenstd nt’er - a good
physi cal / mechani cal consij st e,nglyp?atﬁo al | ow %he abovenenti oned admi ni stration

saf equar di my tHeNAEAFFL Y] Th phol gy S0P t Ne " Ul ar  nenbr anes and, 25

si mul taneous| y, t he, gapacityof prol Lferation and .7, differentiatign of the
vehicled cells, but which, in ition,

are in the form of Theterologous 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, Dboth regarding the intra-articular or intradermal
15 administration of the c¢ellular component and the
treatment - with platelet products - of the injured
regions of tendons/ligaments or skin (both cellular
components and platelet rich hemo-derivative Dbeing
administered Dby means of special syringes), there arises
20 the need of providing a *“carrier” that is 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

esion site w thout

requiring further fixing needing 5 subsequent suturing and nedi cations.

Due to simlar reasons, it is necessary to provide a "carrier" capable of
safeguarding the integrity of the platelet heno-derivatives to be used, in
order to guarantee all biochem cal and enzymatic properties of the 10
proteins(i.e.the abovenentioned trophic factors) contained therein and which,
above all, allows nmaintaining adm ni stered active ingredients in the |esion
site. SUVWNARY OH fEHEnE NVENTH ONf 1iSNowyelihreleappté Cant bas dihscoveried that it
possi bl e to overcone the abovenenti oned drawbacks of the prior art by neans of
t he bi ol ogi cal agmittérinal according to the present invention. I n
particul ar, the biological material according to 20 the present invention
conprises: a)a |iquidd'ledfrieintcompnbosihy abeigEnls ool ues bif canttdieni ng at

| east one natural, and/ or sem synthetic polysaccharide
viscosity neast@Edlat SPHD0 ARACRE SKEHERTTAY e TOF CPRRSC

~and having a Dynam c
9 cHifti"Sed bet ween

25 100 and 350 cPoi se and/or a Ki ngngééicca\éi,scosi ty conprised

subsequent suturing an ions.

Due to similar reasons, it is necessary to provide a

“carrier” capable of safeguarding the inte

platelet hemo-derivatives to be used,

grity of the

in order to

guarantee all biochemical and enzymatic properties of the

10 proteins (i.e. the abovementioned trophic factors)

contained therein and which, above
maintaining administered active ingredients
site.

SUMMARY OF THE INVENTION.

all, allows

in the lesion

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

20  the present invention comprises:

according to

a)a liquid carrier comprising a viscous solution

containing at least one natural and/or

semisynthetic

polysaccharide, and having a Dynamic viscosity measured

1

at 20°C and at shear rate of D=350 s, comprised between

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

is



8 between 99 and 248cSt (neasured at the sane conditions); b) a culture or an
ext enpor aneous preparation of nmesenchymal stemcells, and/or c)a platelet-rich
heno-derivative. 5This type of material Is suitable for the therapy of
osteoarthrosis, cartil age damage, tendorg damage (in particular the Achilles
tendon damaege), |iganents and, generally, in the joints and connective tissues
di sorders in general and damaged skin. 10In addition, the present invention
further relates to pharnmaceutical conpositions conprising the biol ogical

mat eri al of thestpreesen® amyeX¥SicSn, (herpard eul ate swrteabbedfwrorsnt;ra-arti cul ar,
intradermal adm nistration, but also for direct application in the |esion
site. 15DETAI LED DESCRI PTILONr©OF cFTHE NVENTIiGQN.aneous Releatiragito thHe present
invention, the termviscous solution is used herein to indicate a honbgeneous
m xture of twonTenfBrEaEonpIhestsSpras®eiftr in which is a solute i.e. the
natural and/or sem synthetic pol ysaccharide 20 entirely dissolved in a sol vent
usual ly water, whéré Phettemrikat BFMOi%¢rdg€88 Yo i ndicate water for injectable
preparations, saline solution, etc.. This t pe f solutjon should not be
confused with theI@d§cSVP%dogéwnﬁFlﬁ;dﬁﬁg§¥ Vﬂ%@ d°Sef'Sot i'd Prodict, whose 25

conponents do gg%eégr ﬁgggfgjr]ég} iﬁggge”éamgég, r%g%hgn 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 Dbiological
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” 1is 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 in the solvent, but remain



9 suspended therein and it is generally nmade of material which is obtained

t hrough the creation of three-di nensional bonds (the so-called crosslinking)
of the coval ent chem cal type, a hydrogen bond or Van der Waals 5 bond between
t he vari ous conmponents of the gel and/org sol vent. The carrier in liquid
form(a) in the biological material according to the present invention is
preferably the viscous solution containing the natural and/or 10 sem synthetic
pol ysacchari de. According to an even nore preferred enbodi ment of the
present inventswmerthe caereén éaj in hLsqukedeforiy isaddeoiscousasol ution
essentially consisting of a polysaccharide of natural and/or sem synthetic
origin and 15watieh 1s dRégandi ngtihmeigir edért icmeehtdon,of hettfexgeressi on
"essentially consisting of " is used to indicate that a possible third
component is ptESSSLONAL cANEEnt r dthiconse tonpeis etr et ek ®. 9°andhe. 001% on t he
total weight of 20 the viscous sol ution. The pol ysacchari de of natural
origin is prefet @y tseiett et frdhr hfalutorie a8id CHAY 2" ¢t Ufdgs€, gel | an,
chitin, chiiosan, pecti ne or peptic acid, agarose, alt%igni c .acid,, al gi nat es,

starch, polynmeRHhs S5 Fol YVifi y s  SwoSEORsl et uPar Wi it a8 USFI "as t he

type 10 of thseoquoln%cul e, is such as to allow guarantee the formati on of a
vi scous sol ution (eand not a gel) having a Dynami c or Kinematic viscosity

conprised in the abovemgnti.oned, ranges; 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 ligquid 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 1s present 1in concentrations
comprised between 0.9 and 0.001% on the total weight of

20  the viscous solution.

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

25 polyglycans, whose molecular weight as well as the type



5The pol ysaccharide of sem synthetic origin is preferably selected

fromhyal uronic acid derivatives already known to the nman skilled in the art
such as, for exanple, the benzyl esters of hyaluronic acid described in EP
216453, its octyl, octadecyl, dodecyl ang hexadecyl 10 am de(EP1095064), and
cel l ul ose esters, such as carboxynet hyl cell ul ose (CMC) andcol | agen deri vati ves.
I n anycase, t hesenat ural and sem synt heti c pol ysacchari des nust have a nol ecul ar
wei ght such that the viscosity thereof is conprised in the abovenentioned 15
ranges, in addefi anet heylamstk, exhs bistiabl ezl arw/ allow/guarantee the

physi cal chem cal characteri sticsl eadi ngtothe formati on of a viscous sol ution
and not a gel .formationl yfthisitype eblviseosiang alltowsgebt diaiimg a fornul ati on

suitable to be
Dynamic or Kinematic viscosity comprised in  the

abovementioned ranges.

5 The polysaccharide of semisynthetic origin is
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, 1in 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 in 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



20 injected intra-articularly or in the lesion sites of tendons and/or
liganents, intradermally adm nistered in case of cutaneous | esions,

capabl e both of ensuring the highest vitality of the 25 cells therein
contained, as well as maintaining Integer 11 all the biochem cal and
enzymatic properties of the trophic factors contained in the platelet-rich
henoderi vatives , possibly present. Used according to a particularly
preferred formof 5 realization of the Invention, are: a hyaluronic acid or a
phar maceut i cal 4yl aceceptiablanesakbtlt hereotnz prefier abtypsadiesm sal tthewi t h aver age
nmol ecul ar wei ght conpri sed between 450 and 730 kDa (nedi um nol ecul ar wei ght
(MN HA); the condent rat¢tonrslocshiadindse conpricsed! detveenihantrbsng/ M, nore
preferably 10mg/ml. a hyaluronic acid or a pharmaceutically acceptable salt

t her eof , pref efbIWrt3E6E uM AL LW PreRrér-age nol ecul ar wei ght conpri sed

bet ween 1000 and 1800 KDa 15 neasured after sterilisation (high nolecular

wei ght (MY HA); BRE SGREERtTAL FonasRaFlBel Eoipri<ddBefween™2 °and 12ng/ nl ,
nore preferably between 6 nq}?ﬁ' /m, The octyl am de of hyal uronic
acid, prefetab ?Fjvﬁztaﬁlﬁ%d?%rﬁ IlggﬁP%Jro%'

i“ght (MW, therefore a hyal uronic acid
20 having an aver 30€ rkrlolaggyl ar weii%htcon'pr'hsed i n.the.aforesaid.range between

450 and 730 kDa; thé concentration of ‘thi$ am de s 1§|a|1§ ea%%%%treibslgd bet ween 1

and 10nmg/m , nor& pQ@L&E@P!y 5%%%@?%%1; andﬁﬂy/rgalt, 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.

®¢ a hyaluronic acid or a pharmaceutically acceptable

salt thereof, ©preferably sodium salt, with average

molecular weight comprised between 1000 and 1800 KbDa

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 in 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



The hexadecyl am de of hyal uronic acid, preferably 25 with medi um nol ecul ar

wei ght (M therefore a hyaiuronic 12 acid having an average nol ecul ar wei ght
conprised in the aforesaid range between 450 and 730 kDa; the concentration of
this am de shall be conprised between 0,2 and 1,5ng/m, nore preferably
between 0,5 and Inmg/mM . 5 Gel l an; the concentration shall be conprised
between 2 and 8ng/ M, nore preferably 4ng/ m . CM5 the concentration
shall be conprised between 15 and 40ng/ m, nore preferably 25nmg/ m .
Mesenchymal stamdcelaivs ngayn bereotgt heo aatwdlaageusgand ctbpheted olrogokes t ype and
they are preferably those comng fromthe bone marrow, peripheral bl ood,
periosteum unbfdicsalidcorthroe adbposent i ssve. PFord thelkcopeanft epresent
invention, the expression platelet-rich heno-derivativesis used to 15 indicate
al | pIateIet-r¢Qﬂqu§ﬁété@@l95t¢0é§ afigfle exhnpl ebe plaret eted i ket vsicasma ( PRP) ,
i.e. the supernatant liquid coming fromthe centrifu atlon of the venous

bl ood, the pIa@é%éF@cénE%%@?%témfﬁcﬁreﬁeﬁﬁblﬁhﬁeﬁﬁﬁﬁ1 5 PRI d"gfiase comi ng

fron1the ce trlfu at of the platelet-rich and lastly the
D arelor oot 1 e TaRh oFBe Pt <oun: ehe ﬁjuga?% (RO of t he

precipitation ents( uch for exanp t.hro S transformed into ge
dg%énf'ng on t Q?4 nfend%dfﬁ§ge§ﬁ§P hegv ypé of lesion, 25 it is

pOSSIble to selecn Eﬂ% t¥88 %Bn@éé%éﬂé?bﬁ“é%@l?e%B 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 wused to
15 indicate all platelet-rich hemo-derivatives, for example,

platelet-rich plasma (PRP), 1i.e. the supernatant liquid

coming from the centrifugation of the venous blood, the

platelet concentrate (PC), 1.e. the heavier liquid phase

coming from the centrifugation of the ©platelet-rich

20 plasma, and lastly the platelet gel, i.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 is possible to select the type of platelet-rich hemo-



13 derivative. As a matter of fact, the three products are rich in the

abovenenti oned trophic factors. The biological material according to
the present invention contains conponents (a) and (b) or (a) and (c), 5 or the
t hree conponents (a),(b) and (c). fFaurthernore, it is preferable to add

t he aut ol ogous conponent (c) to the biological material conprising (a) and
(b): the abovenentioned platelet-rich heno-derivative conmes fromthe sane
patient and this product may even be 10 prepared shortly before the patient is
subj ected to tderiabaovesentsonedattdr avfartdatul anhei npeeti prnodrctsntarader mal

adm ni stration, or before the abovenentioned material is applied directly onto
the | esion siteiciTie pharweceuentabnedriposhtrohsctaceording to the 15 present
invention can therefore be used in orthopedy in the (mainly

ext enpor aneous) t r daenehtobigicart i ndge land doireddebects (ChAcIRIGITRGH ocal use in
odontoiatry to favour the plants grip) and can be dlrectly in ected in the
lesion site ofIaﬁﬁﬁdéa Fehois &ﬁ&?%?GWthﬁénﬁngQDZ@rcéﬁ be"tséd i n
dernatology bot h Bkectable co itions n i ntrader mal adninistration
or for topital°us 6?5 ?ﬁé“WEP§FHF ez 2} ‘t’aneous ul cers/ |esions
difficult to heal@; i ver. Exa e 1 2§Pre8?ra%|ondgf VISCQPS solutlon
cont ai ni ng nedi um age: y Tation

o ecdlar mel
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 is subjected to the
abovementioned intra-articular injection or intradermal
administration, or before the abovementioned material is
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 1local wuse in 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 equalto 100ng
is weighed to prepare a 5 viscous solution with a final concentration of

10ng/ M. The powders are hydrated with 50% of the required final volunme (5m)
using a 0.9% saline solution of Sodium ¢hl oride, phosphate buffer or water for
i njectable preparations, to obtain the desired final concentration. 102 stage:
sol ubi li sation The product obtained as described in stage 1, is subjected
to magnetic stirring at ambient tenperature for at least 1 hr. The remaining
vol une (5nml) isolsubsequentdht added to 15 reach the established final
concentration, and Ieft under stirring for at least 2 hrs up to conplete

di ssol ution of t hd “powders . hithesgdlont i ont husobt ai nedi ssubj ectedt o sterilisation
by nmeans of an autoclave or UV radiation 20 and, thus, subjected to the

measur ement of thérDyRarie of selesility Wlﬁ’@aﬁél*@fp%lYHAAKEaRSi%o Feonet er, at
20C, at shear rate of D=350 s- The Dynam c vi scosity obtained was of
155cP, thus t h& Bredudt) sREPRL havel a IRPRSMEL ¢V BE6si Y 8F R85 6 9cSt .

ﬁgFﬁgHFLS ﬁ%lé%{SQ%&s SO?B%E?E'QPtﬁfaaf¥$§f9§§K§%k¥g£82108 r"}%i hi gh

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 (5ml) 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 HAAKE RS150 Rheometer, at 20°C,
at shear rate of D=350 s .
The Dynamic viscosity obtained was of 155cP, thus the
product shall have a Kinematic viscosity of 153.6 cSt.

25 Example 2



The process is perfornmed like in exanple 1 starting from high nol ecul ar wei ght
powders of HA to prepare two 5 viscous solutions with a final concentration of

6ng/ mL and 8 ng/mM in WFlI grade water . The obtai ned solutions are
sterilised and thus subjected to the neasurenent of the Dynam c viscosity by
means of HAAKE RS150 Rheoneter, at 20C, at shear rate of 10D=350 s- The

Dynam ¢ vi scosities obtained were respectively: 158cP and 246¢P. Exanple 3
Preparation of a viscous solution containing gellan 15 The process is
performed |ike inEtexaapieidn sbartad ngiferam t hel powder soragfaigehbamitgh prepare a
viscous solution with a final concentration of 4ng/nl in saline solution.

The sol ution thusswbeai medilits Hét erili sed and then subjected to the nmeasurenent
of the Dynam c viscosity by 20 nmeans of a HAAKE RS150 Rheoneter, at 20C, at
shear rate of D=350csPrThesPyhanPer Vigeosiltcobrarnetrifas! oftatGer, Exanpl e 4

Preparation of a viscous solution containing CMC 25The process is perforned
like in exanp|€gq@Eﬁ%%qiq@éecular weight powdérs of HA to prepare two

5 wviscous solutions 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 246¢cP.
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 1is 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



16 fromthe powders of CMC to prepare a viscous solution with a final
concentration of 25ng/nmL in phosphate buffer. The solution thus obtained is
sterilised and then 5 subjected to the nmeasurenent of the Dynam c viscosity by
means of a HAAKE RS150 Rheoneter, at 20@ at shear rate of D=350 s The
Dynam c vi scosity obtai ned was of 220c?, Exanple 5 10Preparation of a viscous
solution containing the octylam de or the hexadecyl am de of HA with nedi um
nol ecul ar hei ght (MN The process is perforned like in exanple 1
starting from fihen powdepswdfrst hef oCity| am deefare f& omisbheudlbsdhiexadecyl am de) of
medi um nol ecul ar weight HA, to prepare two viscous solutions with a final
concentration witi2ng/ nfiand 3mglrhtrdiororof of, Saghaviinland nlngfiedetfage t he
hexadecyl am de) in saline solution of sodiumchloride 0.9% 20The sol utions

t hus obt ai ned P@ffser sterilisation) are subjected to the nmeasurenent of
Dynam c viscosity by means of a HAAKE RS150 Rheoneter, at 20C, at shear rate
of D=350 s. The  SEHAtPYRarke svidEGsP e es SobtEimed SGer 8 'FedpEdt i vel y: 25
143cP and Z;OCP for the octyl am de, and 1690P and 230cP

ubjected to % 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 1lmg/ml for the
hexadecylamide) in saline solution of sodium chloride

0.9

oe

20 The solutions thus obtained (after sterilisation) are
subjected to the measurement of Dynamic viscosity 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



17 for the hexadecyl am de of HA. Cited bibliography: )EP 0863776; 62nm) Fattori
di crescita autologlai nella chirurgia 5 ossea ricostruttiva dopo infezione"
Carlo R Romanon et al, Unita operativa Chirurgia delle Conplicanze
Osteoarticolari Settiche (C.OS., Istitypo Ortopedico Gaetano Pini).
H'Di fferent preparation nethods to obtain conponents 10 as a source of growh
factors for local applications" R Zimermann et al., Transfusion 2001,
41:1217-1224. (1)"Platelet-rich plasnma preparation using three
devi ces: | nplitat itbrshtpadehateeliet gf owt.h factor rel ease” P.A M Everts et
al., Gowh Factors, Septenber 2006; 1524(3):165-171. :TUS 6,841,170 18
CLAI MBS Cited bibliography:
"WEP 0863776;
“Y"Fattori di crescita autologhi nella chirurgia
5 ossea ricostruttiva dopo infezione” Carlo R. Romandn et
al, Unita operativa Chirurgia delle Complicanze
Osteocarticolari Settiche (C.0.S., Istituto Ortopedico
Gaetano Pini).
lupifferent 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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1. A biological material conprising; a) aliquid carrier conprising a

vi scous solution containing at |east one natural and/or sem synthetic

pol ysaccharide, and having a Dynam c viscosity neasured at 20C and at shear
rate of D=350 s-1, conprised between Qg1 and 0.25 Pa.s (100 and 250 cPoi se)
and/or a Kinematic viscosity conprised between 0.99x10-4 and 2,48 x 104 n2/sac
(99 and 248c8t) neasured at the sane conditions; b) a culture or an

ext enpor aneous preparati on of nmesenchynmal stemcells, and/or c)a platelet-rich
herno. -derivative, wherein said viscausisggl uti on of the conponent (a) is
selected fromthe group consisting of: ) an aqueous solution of a

hyal uroni ¢ acl d Pokialpiiaataseteiicdl kympicicdptabl e salt thereof, preferably
sodiumsalt, with average nol ecul ar wei ght conprised between 450 and 730 kDa

i n concent r at *bon® c bt R Fé £ e EANE I8AHY 1 5nyiRFOUS  solupionncapkidadEdsol uti on
of a hyaluronjc acid or a pharmaceutically acceptabl e salt thereof, preferably
Sodi um salt, HHAT av aget bt ec AR Oher P AR 1L cHOBETIRA 1800 AR 1800 KD

measured gfLer lsz} F%)inla{m%%t iv?@::oéfkgfﬁr[éi%gﬁ}%cftéto%ﬁgg}&ggsg? ﬁ@éa‘[’i@%t% apd

12nyg/ i, ; an aqueous™’s octy aluronic acid,

havi ng anpaygpage nolgcylag MaiQlh §0MiHas§d;detgen: 46 ndsd30xdidda) in
concentration conpriséd between 1 and 10ng/ mi; I V) an aqueous sol ution of

hexadecy! amader of Wiyt DN saok deaunpgiset aeevage nulsecut‘aknaved @t xconpri sed
in the range between 19 450 and 730 kDa, in concentration conprised between
0,2 and 1,%nghtsec (9.ariBhesbisl)ogecahravater ild sameoraidigivoscl ai m 1, wherein
when the aqueous solution is selected from (1) the concentration of hyal uronic
acid is 10 ngbhl & cult@eThy Bito| OXFeraPraneceei JEeRREsridrn§Lit dceeeM™el wher ei n
when the aqueous_solution is selected from (I1) the concentration of

hyal ur oni ¢*&8j G2 c8HHf9Sed between 6 and 8 ny/ i .

c)a platelet-rich hemo-derivative,
wherein said viscous solution of the component (a) 1is selected
from the group consisting of:

1) an aqueous solution of a  hyaluronic acid or =a
pharmaceutically acceptable salt thereof, preferably sodium salt,
with average molecular weight comprised between 450 and 730 kDa in
concentration comprised between § and 15mg/ml,

II) an aqueous solurion of a hyaluronic acid or a
pharmaceutically acceptable salt thereof, preferably sodium salt,
with average molecular weight comprised between 1000 and 1800 KDa
measured after sterilisation, in concentration cowprised between 2
and 12mg/ml, ;

III) an agqueous solution of oc¢tylamide of hyaluronic acid,
having an average molecular weight comprised between 450 and 730
kDa, in concentration comprised between 1 and 10mg/ml;

IV) an aqueous solution of hexadecylamide of hyaluronic acid

having an average molecular weight comprised in the range between



4, The biol ogical material according to claim1l1, wherein when the aqueous
solution is selected from(lI1l), the concentration of the octylam de of

hyal uronic acid is conprised between 2 and 3ng/mnl . 5. The bi ol ogi cal

mat eri al according to claim1, wherein Mhen the aqueous solution is selected
from (1V), the concentration of the hexadecyl amm de of hyaluronie acid is
conpri sed between 0,5 and Ing/m, 6, The biological material according to
anyone of clains 1-5, wherein the nesenchymal stemcells are of the autol ogous
type and they sage $€ exbed firontbh@thkassoc0RGhstiRg Obstvdene oBs r awd
mesenchymal stemcells, peripheral blood nesenchymal stemcells, periosteum
mesenchymal sisgem.cel | s, unbilical cord meSenchymal stemcells or the cells of

t he adi pose tissue. 7. The biological naterial according to any one of
clains 1-6, Wahdhei pirhegjptadt alageriat hararsiiver F&?aFiLmé% b evhegiedat @defr om anong

platelet-rich plasma, platelet concentrate, and pl atel et %g . 8. The
bi ol ogi cafPfrafEreas a%‘&de‘tdloﬁg iy S8 hPCbR® HFOR| AT hs Ehe 7CORGIREIPRePApY of

t th til t end 20 d , i t d , in joint
i sor der oPYakTiPT B P Kot Bt cars. | - 6. The bi ol ogical material o
accor di ng. {0 halm,go) JIGLET ot DE HENGAR AIROLOT 81 LNp ACNLRS ! Gdan damage.

10. The bi ol ogi cal according to any one of clainms 1- 9, selected from
the classiganahatdid Qiuthbgl Q91 GaheoBiEr £:2n cmt; altaen@oﬁ@mabﬁabfand (b),

bi ol ogi cal material containing conponent (a) and (c), biological material

cont ai ni npyherdiirce actdnporenpsi o) betdgerarmdaid)s mg/ml. 11. Phar maceuti cal
conpositions conprising the biological material according to any one of clains
1-5, suitabl & .ffbe ba¢adcalcubberiadniagicordatd o diatral deviveteiadniviiest rati on,

or applied directly in the lesion site, 12. Pharmaceuti cal conpaosilL. ons
accor di ngthe eHasIHsL Folihérmi it titdeprad efxam riIdR) behtr FOFFRETRE ndFor
rresenchymal st emcel|ls are autolo

octylamlde of hyalurghlc acid ia comprised between 2 and
3mg/ml.

5. The biological material according to claim 1, wherein when
the aqueous solution is selected from (IV), the concentration of
the hexadecylammide of hyaluronic acid is comprised between 0,5
and 1mg/ml,

6, The hiological material according to anyone of c¢laims 1-5,
wherein the mesenchymal stem cells are of the autologous type and
they are sgelected Ffrom the class consisting of: bone marrow
mesenchymal stem cells, peripheral blood megenchymal stem cells,
periosteum mesenchymal stem cells, umbilical corxd mesenchymal stem
cells or the cells of the adipose tissue.

7. The biological material according to any one of clalms 1-6,
wherein the platelet-rich hemo-~derivatives are selected from among
platelet-rich plasma, platelet concentrate, and platelet gel.

8. The biological material according to any one of claims 1-7,

for the therapy of osteoarthrosis, cartilage damage, tendon



13. The pharnmaceutical conpositions according to anyone of clains 11 and 12,

for the treatnent of cartil agi neous and bone defects, danaged tendon,

I i gament or damaged aki n,
20

damage, ligament damage, in joint disorders, skin lesions or skin

ulcers.

8. The biological material according to claim 8, wherein the

tendon damage is the Achilles tendon damage.

10. The biological material according to any one of claims 1-

9, selected from the class consisting of;

biological material containing component (a) and

bioleogical material containing component (a) and (¢}, biological

material containing the three components (a), {(b) and (c).

11, Pharmaceutical composikions comprising the Dbiological
material according to any one of claims 1-6, sultable for intra-

articular administration, intra-dermal administration, or applied

directly in the lesion site.

12. Pharmacentical compositlions according to claim 11,

the platelet-rich hemo-derivative and/or mesenchymal stem cells

are awvtologous.

13, The pharmaceutical compositions according to anyone of

claimg 11 and 12, for the treatment of cartilagineous and bone

defects, damaged tendon, damaged ligament or damaged skin.

damaged



