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Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45 de
la Decision 486 de la Comisidon de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: Folios 17 a 28 30/septiembre/2009
Reivindicaciones: Folios 29 a 31 - 30/septiembre/2009
Prioridad: MO 002554 03/octubre/2008

2. Analisis de la Prioridad

Se acepta la reivindicacion de prioridad porque esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de la
prioridad reivindicada.

3. Objeto de la invencion

Titulo de la solicitud: “Complejo asociando un derivado orgéanico del silicio con
fragmentos calibrados de acido hialurénico, para una accién preventiva y reparadora
de las degradaciones cutaneas”.

El problema planteado en esta solicitud consiste en suministrar un complejo
cosmeético a base de fragmentos de acido hialurénico y evitar el efecto adverso pro-
inflamatorio de los pequenos de acido hialuronico producidos por la accién catabdlica
de los tejidos cutaneos.

Para resolver este problema técnico la solicitud en estudio proporciona un complejo
cosmetico que asocia un derivado de silicio organico de formula | y fragmentos
calibrados de acido hialurénico.

JEERSIERIERM "
Compuesto |.

El objeto de la presente solicitud se relaciona con la CIaS|f|caC|on Internacional de
Patentes (CIP): A61K 8/58 , 8/73 y AB1Q 19/08.
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4. Excepcion a la Patentabilidad (Art 20 D 486 literal (d))
El objeto de la reivindicacion 11 no es patentable de acuerdo con el Art citado.
5. Reivindicaciones relativas a un uso o a un segundo uso (Art 14y 21 D 486)

El uso de la reivindicacién 10 no es patentable, de acuerdo con el Art 14.

6. Determinacion del Estado de la Técnica

El estado de la técnica se determind con base en la fecha de presentacion de la
solicitud de prioridad: octubre 03 de 2008 y se encontraron los siguientes
documentos que anticipan el objeto de esta solicitud:

item Documento Titulo Fecha de .
Publicacion
D1 GB 2159408 Produit hydratant 04/diciembre/1985
OsteoArthritis Effect ofkkglaluromc acid $MW 500-730
and Cartilage _ kDa) on proteoglycan
D2 (2005) 13 and nitric oxide production in human 2005
‘ osteoarthritic chondrocyte
688-696 .
cultures exposed to hydrostatic pressure

D1:http://worldwide.espacenet.com/publicationDetails/biblioc?DB=EPODOC&II=0&ND
=3&adjacent=true&locale=en EP&FT=D&date=19851004&CC=FR&NR=2561915A1&
KC=A1 divulga una serie de composiciones cosméticas que comprenden un derivado
del compuesto de férmula |I.

RnSHOM- Compuesto |.
que de acuerdo con la descripcién (Pag. 2, Ren. 52-57) y las realizacidn preferidas
corresponde a metilsilanotriol ( Pag. 6, Ren 1-3) o fenilsalanetriol ( Pag. 6, Ren 17-
19) y acido hialurdnico (HA).

D2: divulga los resultados del efecto que tiene el acido hialurénico de peso molecular
entre 500-730 kDa al actuar sobre cultivos de condrocitos articulares humanos en
presencia de la interleuquina IL-1B. De igual forma, indica (Pag. 1, Col. 1) que la
interleuquina IL-1B es un potente inhibidor de proteoglicanos humanos y de la
sintesis de colagenoy que (Pag. 2, Col.1) el acido hialurénico es un constituyente de
los proteoglicanos humanos. Finalmente, concluye (Pag. 4, Col. 2) que la inhibicién
de la sintesis de proteoglicanos humanos en el modelo celular de condrocitos
articulares humanos producida por la interleuquina IL-13 es restaurada por la
presencia de acido hialurénico y que esta depende de la concentracion de HA.

7. Examen de Patentabilidad (Art 14 D486)
Nivel Inventivo (Art18 D486)

La reivindicaciéon 1 consiste en un complejo a base de un derivado organico de silicio
gue se caracteriza en que dicho derivado se asocia con uno o varios fragmentos
calibrados de acido hialurénico con un peso molecular comprendido entre los 150y
780 kDa, teniendo dicho derivado una férmula general (I).

RSOl
Compuesto |,
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Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la

Técnica:
SOLICITUD D1 D2

Caracteristica Complejo que Combinacion que No refiere

A comprende comprende

Un compuesto de Un compuesto de
o formula | formula |

Caractgrlstlca RSty RnSHOH},_, No refiere

Compuesto | Compuesto |.

un potente inhibidor de

proteoglicanos humanos
y de la sintesis de

colageno y que esta es

restaurada por el acido
hialurénico de peso

molecular entre 500-730

kDa y es dependiente de

su concentracion.

¢ fragmentos calibrados

Caracteristica de acido hialurénico o ’ o

c con un peso molecular |  &cido hialurénico

comprendido entre los
150y 780 kDa

La interleuquina IL-1B es

Eldocumento D1 se considera el estado de la técnica cercano a la invencion definida
en la reivindicacion 1 porque divulgan una serie de combinaciones de componentes
que comprenden derivados organico de silicio y acido hialurénico.

La diferencia entre la invencion, definida en la reivindicacion 1y la combinacién de
componentes definida en D1 es la caracteristica C porque la invencion define
especificamente que el acido hialurdénico tiene un peso molecular que se encuentra
entre los 150 y 780 kDa y la invencion no refiere el peso molecular del acido
hialurdénico empleado.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asi: “como seleccionar algunas combinaciones de los componentes
divulgados en D1 para evitar el efecto adverso pro-inflamatorio de los pequefios
fragmento de acido hialurdnico producidos por la accién catabdlica de los tejidos
cutaneos” :

Sin embargo, dado que el documento D2 indica que la interleuquina IL-1B es un
potente proinflamatorio e inhibidor de proteoglicanos humanos y de la sintesis de
colageno y que esta inhibicidon es restaurada por el acido hialurénico de peso
molecular entre 500-730 kDa.

En consecuencia, la persona del oficio normalmente versada en la materia, tendria
suficiente motivacion para seleccionar las combinaciones de componentes que
comprende el acido hialurénico de peso molecular entre 500-730 kDa divulgadas en
documento D1 de la manera como lo indica el documento D2 para llegar asi al objeto
de la reivindicacion 1 de la solicitud. Por lo cual se considera obvia.

Conclusiéon:

La reivindicacion 1 cumple el requisito de novedad (Art. 16), pero no cumple con el
requisito de nivel inventivo (Art. 18).

Dado que las caracteristicas técnicas esenciales de la reivindicacion 2-6 no refieren
caracteristica inventivas adicionales no se pueden considerar inventivas.,
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La reivindicacion 7 consiste en un composicién cosmética que comprende un
derivado organico de silicioy uno o varios fragmentos calibrados de acido hialurénico
con un peso molecular comprendido entre los 150 y 780 kDa, teniendo dicho
derivado una férmula general (1).

R, SitOLl,

) Compuesto I.

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la

Tecnica:
SOLICITUD D1 D2
o Composicion Composicion ‘
Caracteristica | i i ,
A cosmeética que cosmetica que No refiere
comprende comprende
Un compuesto de Un compuesto de
_ formula | formula | :
Caractgnstlca RSO, RnSi{OHI,-, No refiere
ti Compuesto . Compuesto I.

un potente inhibidor de
proteoglicanos humanos
y de la sintesis de

{
| fragmentos calibrados
. de acido hialuronico
Caracteristica

L . L colageno y que esta es
con un peso molecular | acido hialurdnico g ya .
C , restaurada por el acido
comprendido entre los

N hialurénico de peso
150y 780 kDa molecular entre 500-730

kDay es dependiente de
su concentracion.

La interleuquina IL-1B es

El documento D1 se considera el estado de la técnica cercano a la invencion definida
en la reivindicacion 7 porque divulgan una serie de combinaciones cosméticas que
comprende derivado organico de silicio y acido hialurénico.

La diferencia entre la invencion, definida en la reivindicacion 1 y la composicién
cosmética definida en D1 es la caracteristica C porque la invencién define
especificamente que el acido hialuronico tiene un peso molecular que se encuentra

entre los 150 y 780 kDa y la invencién no refiere el peso molecular del acido
hialuronico utilizado.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asi: "cdmo seleccionar algunas composiciones cosmeéticas divulgada
en D1 para evitar el efecto adverso pro-inflamatorio de los pequefios fragmentos de
acido hialuronico producidos por la accion catabolica de los tejidos cutaneos”

Sin embargo, dado que el documento D2 indica que la interleuquina IL-1B es un
potente proinflamatorio e inhibidor de proteoglicanos humanos y de la sintesis de
colageno y que esta inhibicion es restaurada por el acido hialurénico de peso
molecular entre 500-730 kDa. ‘

En consecuencia, la persona del oficio normalmente versada en la materia, tendria
suficiente motivacion para seleccionar las composiciones cosméticas que comprende
acido hialurénico de peso molecular entre 500-730 kDa divulgadas en documento D1
de la manera como lo indica el documento D2 para llegar asi al objeto de la
reivindicacion 7 de la solicitud. Por lo cual se considera obvia.
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Dado que las caracteristicas técnicas esenciales de la reivindicacién 8 y 8 no refieren
caracteristica inventivas adicionales no se pueden considerar inventivas.

8. Conclusion

Los requisitos de Patentabilidad de la presente solicitud estan afectados asi:

item ! Documento Reivindicaciones | Requisito que afecta
l

afectadas
| D1 | GB 2159408 1-9 ! Nivel inventivo
A OsteoArthritis and
4 D2 Cartilage (2005) 13, 688- 1-9 | Nivel inventivo
} 696 :

|
En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacion de la presente comunicacion. En caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
los impedimentos para la concesion, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término
faltante (60 dias) y presentarla por escrito. |

Notifiquese el presente oficio conforme a lo dispuesto en el n;umera| 5.2, literal e), del
capitulo quinto del titulo primerc de la Circular Unica No. 10/de 2001.

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C) |
l
El anterior requenm:ento fue notificado por fuacnon: en lista, de fecha
ﬁ € v
25 w0, 2012
Elaborado por: Lenin Roberto Guerrero. \

Revisado Por: Consuelo LLeguizamén Leguizamon.
Aprobado por: José Luis Salazar Lopez.
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Effect of hyaluronic acid (MW 500—730 kDa) on proteoglycan

and nitric oxide production in human osteoarthritic chondrocyte
cultures exposed to hydrostatic pressure

A. Ficravanti M.D.t*, L. Cantarini M.D.i, F. Chellini Ph.D.{, D. Manca Ph.0.1,

E. Paccagnini Ph.D.ii. R. Marcolongo M.D.. Professor} and G. Collodel Ph.0.i

t Rheumatology Unit. Department ot Clinical Medicine and Immunological Sciences, University of Stena. lialy
| Depariment of Paediatrics. Cbstotrics and Medicine of Reproduction, Section of Biology.

University of Sicna, haly

§ Dopartment of Evolutionary Biology. ltaly

Summary

Objective: This study investigated the in vitro effects of hyaluronic acid (HA} of molecular weight (MW} 50 KDa on human adicular
chondrocytes cultivated for 48 h i the presence o interoukin-11 (IL-1P) with and without veromie cycscal prossure

Design: Tho etiocts of 10 and 100 g/l A with and without IL+1p were assessod in the culture medium of ccls ¢xposed 1o pressurization
cyelas in o forn of sinusoids wavas (minimum prossure 1 118, marimum pressuro 5 MPs) 3t 3 fraguoncy of 2 for 3h, by the
immunognzymatic mothod on microplales for the quantiative measuromen: of human protooglycans (PG) and by the Griess method for
R85 (NO). Mo hClogioa analfses ware performed hy Lnertission tleciron microseoiy (TEM) and scaning sloction microscopy (SEM.

Resulis: The presence of IL-1(s determines a significant decrease in PG and a significant incroase in NG concentrations measurea in the
culture medium. When the cells are cullured in the presence of IL-17 and HA al the two concerlrations, a statistically significant restaration of
PG and a decroase in NO lovels are observod. Under pressurization conditions, we observed that Ihe PG concantration in the medium of cells
presented a very sigrificant increase in all the conditions used in the study, except for (L-1§ alone. NO production decreased very sigaificantly
in the presence of IL-18 + HA 10 and IL-1fs - HA 100. The resuilts of metabolic evaluation are confitmed by morphological findings cbtained
by TEM and SEM.

Conctusions: These in vitro studies conficm both the protective role S (MW 500- 730 kDDa), which counteracts the IL-1jk-induced effocts,
and the importance of prassure on chondrocyle metabolism and morphology
D 2005 OstooAtthritis Research Socicty Intornational. Published hy Hisovier L. Al rights reserved,

Key wordls: Chorrrocytes, Osteoarthitis, Hydrostatic pressure, Hyaluronic acid, Proteoglycan, Nitric oxide.

Introduction NO promotes numorous effects on chondrogytes: inhibilion
8 . . . of malrx gynihesis®, activation of MMPS®, induction of

The destruction of articular carlilage is a common feature i aooptosis™. reduction of IL-1 R antagorist (IL-1 Ra}'"

joint discases such as osteoarthritis (OA). The structural The mereased production of NG oy be an aditional

Broakdoun of protecglycans (PG) and collagon is bolieved  factor contriuling to the excessive production of prosta-

© be the rosull of an increased carabolic acivity bY  glandin E, (PGE,) by OA lissue'™.

cr\ondmc es'. PGE, and NO are known [0 play a major role in

tafereukin-1f (L~ 112 is a cytokine involved in cartiage  nogiception®. NO in particular s an important neuro-
degradation processes”. In response to IL-18, transmitter, for central of the pain
secrete neutral melalloproteinases (MMPS), and AliC 0xide  pathway'

(NOY 5. Moreover, IL-1( is & potent inhibitor of PG and
collagen synthesis®.

Several in vitro studies have shown the importance of
mechanical compression or hydrostatic pressure as a car-

NO is a highly reactive. cytotoxic. free radical thal has tilage metabolism modulator. The biosynthetic response of
been implicated in tissue injury n a va"ew of diseases. chondrocytes to hydrostatic pressure in vitro varies with the
Increasing evidence indicates that N Iso contribute magnitude, frequency and duration of loading's ', Chon-
to the pathophysiology of OA. ncreased nitrte concen- rooyies réspond lo ntermitient foading by increased PG
trations in serum and synovial fuid from patients with gy nihesis, whereas continuous mechanical {oading produ-
rheumatoid arthritis and OA have beer reported”. Moreover, ces the opposite effect. Hycrostatic pressure affects

*Address correspondence and reprint requests to: Dr proteins, the oytoskeleton and cefl organelles®™: compres-

A P i of Pomuratlogy Uiy of Sona sion of cartiiage resuts in the deformation of cells and the

775 cax 09, Cxtracclular matrix, as well as physicochemical changes

which ncude altored malrix water corten. fixed charge
density, mobite ion concentrations, and osmotic pressure

virg
Received 17 May 2004; cevision accepted 14 March 2005
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Hyzlaron'c acd (HA) is & component of the PG of 1
p v tioroblasis
ang syl‘ovww es and roleased into the extracelular matrix
ang . Inihe course of OAthere is @ docroase
the HA mm\_ ~tof Doth the cartilage and synevial duid™.

lrtra-aricuar injoctions of hyalemnan of molocular
weight (MW} of 500 730 kDa (Hyalgan™) have been used
for several years in OA leatmen. Soveral cinicay,
controllea stuoies have shown that fve ntra-artcular
injections of this product, signiicantly reduce pain and
ameliorate funciion :n paliens N> knee OA, with an effect
lasting several months®'?®. MA also has a swucture-
madifying potential in LzA‘b =

Chendrocyte cullures represent a valid and simplified
biological modet o tes? the effects of drugs and such agents
& cylokines, hormonos and growlh faciors. They can also
be used to evaluate the influence of h)dms(u{ic pressure on
chondrocyte morphology and metabolism.

I this work, we Sllldlcd the in vitro nﬂcc\s of HA (MW
500 730%Da; h icular
(heplesenceorlmhcabs:nceol\L—I[&.dunngdshoicu\tute
with and without cyclic hydrostatic pressure of a magritude
and frequency close to those that presumably exist in
articular cartilage® ¢, Under these conditions, we evaluated
the effectof HA + IL 13 1hrough metabolic (PG levels and NO

menis carried oul with a transmission eleciron microscope
(TEM) and scanning electron microscope (SEM).

Method
CELL GULTURE

0A the femoral
neads of pationts with OA. defined by clinical and
radiological american college of teumatology (ACR) crite-
ria®', who were undergoing surgery for total hip prostheses.
The mean age of the group was 68 vears {range 63-71).
Macroscopically. tho cartiage was nol altered, but
histological study of representative samples showed typicat
osteoarthritic changes, such as the presence of chondro-
oyte clusters, loss of methachromasia, and fibrillation.
Immediately alter surgery, the cartiage specimens were
cut aseptically, minced into 2 mm? pieces and sequentially
digested by clostridial collagenase (SIGMA, iraly), 1 mg/m
in phosphate buffered saline (in mM: NaCl 140, KCI 2.7,
NaH,PO, 8.1, K;HPO, 1.5, pH 7.4}, containing 200 U/ml of
pericillin, 200 ug/ml of streptomycin and 0.25 pg/ml of
amphotericin B. Collagenase digestion was carried out at
37°C for_18 h with moderate stiming. The chondrocytes
obtained “afier collsganeso digesion were finsed tuice
in saline solution A (in mM: 10 2[4 (2~hydvoxye|hyl)-1-
pigerazinyl} ethanesullonic acid (HEPES), 140 NaCl. § K
5 Glucose, pH 7.4) and centrifuged for 10 min at 700 g. As
shown by the Trypan blue viability test, 90~9§% of the
recovered cells were alive.

as oescribea chove 5 HA ibatch Nr. 086100) at

concentrations of 10 and 100 g/, with of withont human

rocomainart IL-1fi (uncmmcr Mannhcim, italy) 5 rghnl,

G to the cuiture medium throughou: the cst

;vcr\uL After 48 h, te motmum a3 removed and stored at

w € perding detormin: ts PG and NO conzent

@ proaucion of MO zne g samplcs of cell culures

at n..scunc and aficr incubalion n the presence of IL-15,

alone or associaied with the vario.s concentrations of HA

with or without oressurization, was evaluated .n the culiure
medium removed afier 48 1 of incubation

PHESSURIZATION SYSTEM

Our pressurization system has some special character-
istics that have already been descrived in detail*?. Briefly,
this pressure chamber systom consists of a hermetically
sealed stainless stoel cylinder, 400 mrn high with an internal
diameter of 90 m

The chamber, filed with distiled water and maintained at
a temperature of 37°C by thc thermostat system, is then
pressurized using the hydraulic energy produced by an
electro-power pack and applicd through the transfer
accurnulator to the waler in the chamber. By means of
a data processing system Installed in a personal computer
and based on tutho-Pascal tanguage. the operator can
preset and modily the pressure inside the chamber for the
ontire duration of the experiment. This system permits
pressure levels ranging between 0-24 Hpa to be reached in

ontire of the filing
and thermostatic control steps of the pressure chamber and
of pressurizalion according to preselected periodic func-
tions. The foading and unloading periods for cyclic pressure
can be fresly selected.

Chondrocytes were cultivated on Petri dishes. After 48 h,
the dishes were filied with culture medium and sealed with
a covering of Surlyn 1801 Bynel CXA 3048 bilayer
membrane (thickness 90 um; Du Pont, ltaly), after expelling
all air. Surlyn membrane is partially permeable to O, and
CO;. but not to water or other solutions and it is suitable for
preserving a stable environment™. The membrane was
attached to the im of the Petri dish with Jet Melt 3764
adhesive (3M, Italy). During the experiments, the dishes
were immersed in preheated (37°C) distilled water.

In this study, the chondrocytes covered in culture medium
were pressurized by applying sinusoidal waves with
a minimum pressure of 1MPa, a maximum pressure of
5 MPa and a frequency of 0.25 Hz for 3 h. Dishes cullivated
in the loading chamber but without undergaing pressuriza-
tion served as controls. After pressurization, the cullure
merﬂum was cnlleded and stored at -70°C for PG am( NO

were

for TEM and SEM

s

Cells were cultured in 24-well at a density of
5% 10° cellsiwell and overtaid with 1ml of medium
containing 10% foetal calf serum, 200 Usml_ peniciliin,
200 ug/mi_streptomycin, 2mM _glutamine in Dulbecco's
Minimum Essential Medium, Cells were maintained in an
atmosphere of 5% CO; in the air, at 37°C for 48 h.

STUDY WITH HYALURONAN PREPARATIONS

The effects of HA (MW 500-730 kDa, Hyaigan®) in the
presence of IL-1/ were analysed on chondrocytes cultured

The quantity of PG in ihe culture medlum was measy red
by the ethod™* o for th
quanmauve measutoment of human PG (Mcdgemx Dlag
nostics, Belgium)

This technique uses two monoclonal antibodies which

monoclonal  anlibody which is direcled against the
bonding site of hyaluronic acid PG. Standards and
samples confaining PG react with the monocional
antibody (MAbS1) attached to the well of the microplate,

<L



890 A. Floravanti et al.:

as wel as wih another monoclonal antbody {MAbS2]
labellea with rorseradish pecoxidase (HAP) Afier an
incubation poroc which aitowed ‘or e formazion of
a sandwich tade up of coated MADSLPGAMAbS2HRP,
e wells were washed scveral Tcs in ordor to omOvS
e tabolled antibody which had not bonded, The ameuat
of bonaga ambody wes measured by acding ara
incubating a chromogen so.utior

The roacton was or biocred by adding a stop soition,
The micropiale was read at 450 am and inc quanily of
substratum was ceternined noaSUANG

y nic acid on

M

Cu.tures of humzn choncrocytes wore fxed for 2 i 4°C
in £0'd Kamovsky ‘“ative™, washied in cacodylare bulfer
0.4 M pH 7.2 ovorright. pestfixed in 1% buliered OSO, in
veronal acetate buffer for 2h and washed in cacodylate
buffer 0.1 84 pH 7.2, The chor were dorydrated n
a graded seros of ethano,, placed n ferbdtanc: and frozen
ai 5°C before drying by sublimation of the ferrbutanol
a vacuum chamber. The samples wore sputior coated with
gold and observed i a Philps SEM 505. At least 200

eyic

the which is to PG
The assay sensiivity was 0.9 ng/mi.

HUIHITE ASSAY

The quanlity of nitrites in the culture medium was
measured by the  Griess method™. Fc,ual volures
(190 4 of superatant and Griess toagert (1% sufani-
amide. 0.1% N
in 5% HyPO, were incubalod on microplalos &t foom
temperatire for 15 min. The absorbance was measured

i
successive dilutions of a solution of sodium niwite in
water.

TEM

Culures of human chondracytes were fixed for 2 h at 4°C
cold Kamovsky fixative™, rinsed overnight in 0.1 M pH
7.2 cacodylale buffer and post-fixed for 1h al 4°C in 1%
buttered OsO;, dehydrated in a graded series of ethanol
and embedded in Epon-Araldite.

from each group werc evaiater

STANSTICAL AUALYSIS

The data were expressedas the mean § SD of PG release
into the cutture medium per 10° cells and NO (ng/10° cells)
Tolaass inta he cuture redium 86 fue fosted eultures.

For comparison of the two groups, & paired test of
wilcoxon was used; £ < 005 was cansidered significant,

Results

The lolal PG concentration in the culture medium dunng
the 48h at baseline conditions, in the presenco of
a damaging stimulus represented by IL-1§ at a concentra-
tion of 5 ngiml and in the presence of IL-1js and of HA at the
Wwo concentrations used in the study. i.e., 10 and 100 pg/mi
of culture medium, is shown in Fig. 1. The presence of IL-1t
delenmines a very significant decrease (P < 0. ()(Hj in PG
fevels, but when the cells are cultured in the ce
IL-1p and HA at the two concentrations, a s’ hshcally
significant restoration of PG production is observed (HA
10, P <005 HA 100 P<0.01) Data show that the
restoraton is dosor dependmx (Fig. 1).

Ultrarthin sections cut with an LKB il
were collected in copper grids, stained with uranyl acetate
and lead citrate and then photographed using a Philips
CM10 electron microscopo. We examined ateast 100 cells
from cach group.

In Fig. 1 P
condilions wilh those obia‘ron without pressurization. There
is a very significant increase (P < 0.001}in the fevel of PG in
the culture medium in basa’ conditions, while pressunzation
does ot significantly increase the PG levels in the cells

PG ng/ 10° cells (48nrs)

ac LI‘M‘“HX}‘"I
© 9% 1L 1+HA 10pgimspr
© =1L 1oHA 10 gy
G he L 1oHA 10gimpr

!, Toat amaunt of PG measurod in cultre modium ng/ag ONA) duing 48 1 of cultrsipoolod data) i basal condtions, n e presonco
’

SULB a0 n he prosende of 11 and HA 10 an 160 ngimi

Wilh e wiho. prassuizsion eoniiioss, =
Data

minimum pressure 1 3Pa a al 0.25 H:
cusb P <005 dvsh: P < 0.01 P <005 P <00 P <0001
P <

0.001: hvs d P < 0.001.

AT
Daia aro expressed as moan valucs e ah S hton gvsc
P 0,05 'P < 001; ""P < 0001,
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wdzed conditians, the addition
of HAinduces a vory significentincrease { < 0.00 1] atpoth
concentzations tested (19 anc 160 g/}

The NO {ng/10° cells) preductior i the cullure modiurm at
pascline corditions, in the presence of 1L 11 at a concen
wation of 5 ag/m. zna n proseace of IL: Uy and of HA at the
wo concenzalions used i ine siady, is srowa in Fig. 2
The oresence of 13 determaes a vees sigaificart
increase (P < 0.007) n NO production, out when the celis
are culwred in the presence of IL-tf and HA, a very
Statistically significant decrease {P < 0.001) in NO pro
duction is observet at the two concentrations stucied

damaged wit= 1L 1. in ore

ig. 2 we compare the data obtained under pressur-
ized conditions with those ostained without pressurization.
Thete is a slighl._but not signiicant, decrease in the
concentzation of NO at basat conditions. As Fi
the physiological pmssunzalian determines a_significant
decrease (P < 0.08) in the level of NO in the DU‘UIE
medium in the presence of N-13. The addi HA
duces a furiher significant decrease ‘o MO in the cuuc
medium in a dose-dependent manner at both concertra-
tions used

The results concerning metabolic proauction are further
confirmed by the morphological findings obtained by TEM
and SEM that indicate effects actuated by iL-1§, HA and
pressure on the metabolic functions of the chondrocytes.
Figure 3 shows cultured cells without pressurization: under
basal conditions (A} ine nucleus appears euchromalic, the

orioplasm cantains rough endopiasmic retulum (HER)
and lipid droplets, and in the presence of IL-1R (B the
chondrocyte_shows. several vacuoles in The cytopiasm.
Figure 3(C. D) shows cells in the presence of -1 - HA
10{Fig. 3(C)) and IL-1B + HA 100 [Fig. (D). In both cases
the nuclei are euchromatic and the cytoplasm contains
a reduced number of vacuoles and RER and lipid droplets
are precem

Figure 4 shows cultured cells after pressurization; under
baset condifons (A the ceh shows  cylopiasr #ch in RER
and mitochondria, in the presence of IL-1p (B) the
chondrocyte shows RER and mitochondria fimited to a part

of cytoplasm which 0 conlaing a numoer of vacuoles.
Figure 4(C, D} shows cels in the presence of .-1 + HA
10{Fig. 4{C)} and IL-1js 1 HA 100 [Fig. 2(Dy] anc 2 recavery
af the col structures can be observed onfirn
TEL, gaca. Chonchocytas fefai tnor spherich, shape ner
basal conditions and some secretion granules and cotlagon
fibrils are present {Fig. G{A)]. Conversaly, cells cutieed n
the presence of only IL-15 show a loss of cytoplasmic
pracesses and the presence of scperficial alierations
{Fig. S®). Afor pressuizaton, n e presence of .-

~ HA 10 or HA 100, chonorocyles present a restored
surtace morphelogy (Fig. 5(C}!

Discussion

n the presont stugy, the offects of IL-18 and HA (MW
500 730 kDa) were tested in the prosence and absence af
cyclic hydrostatic pressure on the morphology of i vitro
fuman osteoarthrilic chondrocytes and treir production of
PG and NO. Itis currently accepled thatIL-1 b is an important
mediator in the cartilage destruction observed in OAZ, (L1
is able to increase the synthesis of MMPs, 1o inhibit the
synihesis of the major physiolagical inhibitors of these
enzymes and o irhibit the synthesis of PG and callagens™.

Our experiments have shown that the addition of IL-1f
detormines a reduction in the concentration of PG in
the culture medium; this could be due to the fact that the
cytokine IL-10 induces an inhibiton of PG synthesis by
the chondrocytes, as shown in the morphological stuies

ological aspects show signs of cellular
suﬂcrmg i the presence of vacuoles and a lack of the
cellular organellos typically responsiblo for the synthesis of
the matrix glycoproteins (Figs. 3(B). 5(8)]. When the cells
were cultivated in the presence of IL-18 and HA, a restora-
tion of PG concentration in the culture medium was
detected. The increase in PG levels depends upon the
HA doses used (Fig. 1). This result is in accordance with
data from previous studies proving the HA inhibiting effect
of IL-16 in chondrocytes” ¥ Structural  evaluation
confitms these biochemical findings; chondrocytes exhibit
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i pressur-| MPa and mesimom preseurs s Mba o1 0 50 1 ooncy, Dot ats evonasseins moan saniss 1 St s :
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euchromatic nucleus (N) and a cytoplasm

cultured u

abuedantin e B Presenwon’/L e Y mesems 2 very vacuolate cwoplasm(anows\ nucleus (N) C.D) Presence of IL-T§ + HA 10

{Ciand iL-15 + HA 100 (D). The cells

a good cytoplasmic organnanon (Fig. 3(C, D)| after the
addition of HA. study on PG synthesis in bovine
arlicular cartilage explants both in he presence. and
absence of IL-1, it was aiso reported that HA penetrated
the cartilage and accumulated in the pericellular matrix of
chondrocytes, thereby maintaining synthesis. which was
suppressed by 1L-13 in the absence of HA™.

The aricular carilage tissue is constantly subjected to
loading, which varies according to body weight, muscular
tension, posture and physical activity. Hydrostatic pressure
is ane of the severnl factors which operate in the ariicular
cartlage sublecied 1 loading

In our study, the ﬂpphed pressure was within the
physiological range of the human joint. In fact, pressure
peaks of up to 18 MPa were measured in human hip joints;

thei
). Al 30000 . B) 10,000+, ) 130005, O) 10,000

nucleus (N), , vacuole

however, pressure levels of 5MPa arc mosi_often
encountered in the knee joint during normai walking®®.
b "

according to sinusoidal waves with a minimum pressure
of 1 MPa, a maximum pressure of § MPa and a frequency
of 0.25 Hz, presented a greater metabolic activity which
was expressed in a very significant increase of PG levels in
the cullure medium at basal conditions (Fig. 1). This was
als0 shown in the morphological analysis by TEM [Fig. 4(A)|
and SEM: chondrocytes presented a significant improve-
ment in ceflutar teatures confirming this shift towards a more
anabolic activity.

In our opinion, the increase of PG in the culture medium
which was also observed in basal conditions, could be
determined by a stimulation of cellular activity induced by

Osteoarthritis and Cartilage Vol. 13, No. 8

Fig. 4. Scctions of OA chondrocytes cultured under pressunization. A} Conirol. The ccll shows an euchromatic nucleus {N) and a cytoplasm

abundant in HER, milochondria (M). B) Presence of IL-13. The cytopiasm shows a partial vacuolization (V),also a fair amount of RER is

present; nuclews (N), milochordria (M). C, D) Presence of IL-15 + HA 10 (G) and I-15 + HA 100 (D). The cells show a good activity
fabundant presence ot RER) and reduced number of vacuoles (V); nucleus (N). A} 17.500>; B} 16,000>, C) 13,000, D) 18,0003

cyclical ?mssunzamn as demonsirated by other
authors

Hydrostatic pressure appears to modulale aggrecan
biosynthesis through membrane-mediated pathways, such
4 the transport of cations, amino acids and macro-
molecules. It has also been suggested that hydrostatic
pressure may alter the acton of the membrane Na-+/K+
pump, thus atering intracellular K+ concentrations®”

Also, cyclic adenosine monophosphate (CAMP), which
has been idenified as an important mediator of PG
synthesis and cartilage growth™, seems (o play a direct
role in the mechanical stimulation of matrix biosynthesis.
Constant hygrostalic pressures that inhibit PG synthesis
also inhibil CAMP accumulation through a calcium-mediated
process™. Conversely, inlenmittent hydrostatic pressures in
chondrocyte cell culture systoms result i’ concurrent
increases in both cAMP and PG synthesis rates™

The stimulating effect of the physiological hydrostatic
pressure which we have shown is in agreement with that
found by other authors who have also utiized human
osteoarthritic cartilage***. Some stu
[y chondnocyt s are more sensiive 1o phy

study, however, the stimulaling effect of pressure was not
enough to counterbalance the negative effect determined
by the addition of IL-15, which does indeed induce a serious
metabolic and morphotogical imbalance [Fig. 4(B]

Howaver, the addition of HA provided protection from the
effects of IL-1f under the pressurization conditions used in
the study. The simuitaneous use of pressurization with the
presence of HA in fact determmed a highly significant
increase in PG concentration. as if @ synergism existed
between the drug and the otharical factor regarding iL-15.

Biochemical data were also supported by the motpho-
logical analysis [Figs. 4(C, D) and 5(C}]. The morphological
features we hightihted by TEM match those reported in
other studies on man®

In particular, the treatment with HA (MW 500~730 kDa) in
patients with knee OA determined a significant increase
in the superficial cartlage layer thickness, with an increase
in chondrocyte density and a restoration of the characteristic
structures controlling chondrocyte anabolism*®.

Recenl findings showed Ihal NO is a potent mediator of
cartilage damage in OA. Several in vitro studies demon-
strated that NO and its products can accelerate :amlage
catabolism and reduce its anabolism® ' loreover,

Sl
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a solective inbibition of ‘niucibl
raduce the orogrossion of exoerime

1n the prosent study. we domonstratoe inat, as reooricd,
IL 1(; signifcantly neresses e production of YO and inat
i docroasos i vory signcant marrer e procusion of
NO at both corcentraions uset {Fig. 2

Trese resulls taly with fose fecanty ouotished by
Manciro of 2™

Wren were cultvated under pressure. & reduced
production was already recorded under basal corditions
Fig 21 moroover, ohysiclogical pressure siga
decroased (L-1[-induccd NO  production
confim the protecive efectof cycic hydrosiatc pressure
on the release of NO by chondrocytes when stimulated by
various factors*™

The addition of HA considerably increased the eftect of
hydrostatic pressure on NO production {Fig. 2}.

The oxact mechanism of action of HA (MW
500 730 kDa) on chondrocytes has not yet been fully
elucidated. Some of the biological actvities of HA may be
mediated by finking its specific receptors (cluster cetermi
nant (CDj 44 intracelular achesion molceule (ICAM)-1,
receplor for hyaluronate-mediated moliity) that are ex-
pressed by a wirle range of celts, including those implicated
in the pathology of OA (.. inflammatary cells, synovio-
cytes and chondrocytes|’

Recently, it was reported that the anti-apopiotic effect of
HA in OA human chondrocytes was significantyy decreas
by the addiion of both ant-CD-44 and ant-ICAM.1
antibodies to the cultures™®, Other authors have shawn that
preincubating human cartiage explants with anti-CD-44
antibody reduces the inhibitory effect of HA on IL-1g-
induced MMP production™

In_conclusion, our study confirms the importance of
hydrostatic pressure on chondracyte melabolism. The use
of isolated i the study of m
to loading must be approached with caution, because ot the
important role of the natural extraceflular mateix in signal
transdciion 80 in Vansmiting the extemal load lo ne cel

IE

Cultured
be however, 10 study the mechanism by wh\ch
pressure enects are mediated in the cells.

Furthermore, our study points out the stimulating action of
HA on PG production and metabolic chondrocyte activation
{TEM and SFM analysis) as well as its inhibiting effect on
NO pmd

These resulls confirm in vitro the data obtained in clinical
studies on patients with OA that demonstrated a pmennalgy
structure-moditying action of HA {MW 500--730 kDa)®® *

HA'S eﬂec( :s boosted in vitro by physiological pressur-
izatio re. drug efficacy in man may be improved by
appmprlate physlcal exercise.
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