-~acientow, ktorzy zgltaszali ztlamania, nie przekraczata 0,27,
= objetosc catkowita kosci - 17%. Wartosci w grupie osob, u
<orych nie wystepowalo zlamanie, wynosity odpowiednio
© 301 19%. Stwierdzono, ze na spadek wiasnosci mecha-
~icznych kosci decydujacy wpltyw majg dwa efekty. Pierw-
=7y to zmniejszenie grubosci beleczek kostnych, kitore nie
=stjednorodne. Drugi to przerwanie beleczek kostnych oraz
~aolne zmniejszenie ich liczby, co w konsekwencji wphywa
-3 obnizenie zdolnoscl do przenoszenia obciazen.
PiSmiennictwo References
1] Galus K., Jaworski Z. Choroby metaboliczne kosci. PZWL,
Narszawa, 1982.

‘2] Boivini G. Morphometric analysis of flurctic bone tissue. W:
Sluoride and bone, red. B. Courvoisier. Wyd. Medecine et hygie-
ne, Geneve, 1978.

3] Weinstein R., Huston M.S. Decreased trabecuiar width and in-

creased trabecular spacing contribute to bone loss with aging.
Bone, 1987, 8, 137-142.
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Streszczenie

Opracowano trzy rodzaje bioresorbowalnych gg-
bek dla inzynierii tkankowej. Gabki te miaty takq
sama chemiczng budowe powierzchni i udzial obje-
todciowy porow, ale rozny rozmiar porow: okato 600
wm, 200 2m | 40 «m. Badania komarkowe (przezy-
walnosé, synteza kolagenu) wykazafy, ze gabka o
najwiekszym rozmiarze porow jest najkorzystniejsza
dla hodowli osteoblastow in vitro.
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Statisticaly essencial decrease of BMD value and entire
bone volume with age was observed in whole group and

was described by correlation coefficient rais_in'g r=0,55 and

r=0,62. Statisticaly significant decrease of BMD value and
entire bone volume was also in women group - fig.2. In men
these dependences were not statisticaly significant, what

~ can be associate with fact that men have higher bone api-

cal mass than women, that is why decrease of bone den-
sity with age is less evident.

On a base of obtained resuilts it was teken tha trial for
determine risk fracture appereance. BMD value in patients
with fractures was not higher than 0,27 and entire bone
volume was-17%. Values in patients without fractures were
0,30 and 19%. On decrease of mechanical bone values
main influence have two effects. The first one is decrease
of bone trabecula thickness, which is not homogenous. The

second one is trabecula interrupting bone and decrease of

number, what influences on decrease ability to removing
encumberance.
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Abstract

Three types of bioresorbable foams for bone tis-
sue engineering proposes have been elaborated.
The foams have identical surface chemistry and vol-
ume fraction of pores but different pore sizes: about
800 «m, 200 #m and 40 um, respectively. The re-
sults of in vitro osteoblasts study (viability and colla-
gen synthesis) indicate that the best is the foam hav-
ing the biggest size of pores.
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Wprowadzenie

Inzynieria tkankowa wymaga opracowania trojwymiaro-
wych porowatych podiozy kemarkowych dla hodowli tka-
nek wwarunkach in vitro. Podioza takie nalezy wytwarzac
z materiatow bioresorbowalnych i wysoce biozgodnych,
Obecnie poliestry alifatyczne takie jak polilaktydy, poligli-
kolid, poli-e-kaprolakton i ich kopolimery sg najczesciej ba-
dane jako potencjalne materialy dla inzynierii tkankowej [1].

VWiasciwosci fizyczno-chemiczne polimerdw
wykorzystywanych do produkeji podtozy komérkowych
musza by¢ starannie kontrolowane, poniewaz struktura che-
miczna, zwilzalnos¢, chropowatosé, fadunek powierzchnio-
wy odgrywaja kluczowa role w zachowaniu komérek [2].
Ponadto, regeneracja okreslonych tkanek zalezy od mikro-
struktury materiatu stanowiacego rusztowanie dla komérek
(udziat objetosciowy | rozmiar pordw, porowatosé otwarta)
[3]. Celem pracy byto okreslenie jak mikrostruktura po-
rowatego podioza wplywa na zachowanie osteoblastéw w
warunkach in vitro (przezywalno$c, produkcja kolagenu).
Bioresorbowlane gabki o réznym rozmiarze poréw z kopo-
limeru glikolidu z L-laktydem, zsyntezowanego w oparciu o
zwigzek cyrkonu, otrzymano metodg odlewania z roztworu
I wyptukiwania czgsteczek.

Materiaty

Synteza kopolimeru

Glikolid i L-laktyd (Purac, Holandia) byty oczyszczone
poprzez rekrystalizacje z suchego octanu etylu i suszone w
suszarce prozniowej w temperaturze pokojowe]: Zr(acac),
uzyto w postaci handlowej.
Kopolimeryzacje prowadzono w masie w 100°C z inicjato-
rem Zr(acac), w stosunku molowym 1.2x10* wykorzystu-
jac konwencjonalng linie prézniowa do odgazowania i zata-
piania amput wediug wozesniej opisanej metody [4]. Otrzy-
many kopolimer byt mielony i plukany w alkeholu metylo-
wym w celu usuniecia nieprzereagowanych monomerow i
suszony pod proznia w 50°C.

Otrzymywanie gabek

Gabki otrzymano metodg odlewania z roztworu | wypluki-
wania czasteczek w oparciu o metode opisang uprzednio
[5]. Jako porogeny wykorzystano trzy adezynniki o roznej
wielkosci ziaren: cytrynian sodu, chlorek sodu i glukoze
(POCh, Gliwice, Polska). Udziat abjetosciowy porogendw
wynosit 85%. Otrzymano trzy gabki: gabka 1 (przy uzyciu
cytrynianu sodu), gabka 2 (przy uzyciu chlorku sodu) i gab-
ka 3 (przy uzyciu glukozy).

Metody

Charakterystyka kopolimeru i ggbhek

Sktad kopolimeru okreslono za pomocg 'H i “C NMR
(spektrometr Varian Unity Inowa), Ciezar czasteczkowy i
wspadtczynnik polidyspersji okreslono chromatografia zelo-
we za pomocg chromatografu Physics SP 8800.

Sktad chemiczny powierzchni kopolimeru w postaci folii
i gabek badano za pomocg XPS (SSI| X-Probe spektrometr,
Surface Science Instruments, Mountain View, CA, USA)
wediug sposobu opisanego poprzednio [6]. Kat zwilzania
kopolimeru wyznaczono metoda kropli za pomoca automa-
tycznego systemu DSA 10 (Kruss, Niemcy) jako usrednie-
nie 10 pomiardw.

Porowatosc i nasigkliwosc gabek wyliczano z masy su-
chych gabek i ggbek nasgczonych woda, Prébki zanurzo-
no w wodzie destylowanej na 10 min. Nastepnie wyjeto je,

Introduction

Tissue engineering requires three-dimensional (3D) cell
scaffolds for In vitro tissue construction. Ideally the scaf-
folds should be fabricated from highly biocompatible and
bioresorbable materials. Currently, aliphatic polyesters such
as polylactides, polyglicolide, poly-e-caprolactone and their
copolymers are the most widely studied as potential scaf-
folds [1].

The physicochemical properties of polymers used for scaf-
folds” preparation must be carefully controlled, because it
was shown that chemical structure, wettability, roughness,
charge of the surface are key factors in cell behaviour [2].

Moreover, regeneration of specific tissues aided by syn-
thetic materials is strongly dependent on microstructure of
the scaffold (pore fraction, pore size, continuity of pores
within a synthetic matrix) [3].

The aim of this study was to determine how the microstruc-
ture of porous scaffolds influences behaviour of osteoblasts
in eulture (viability, production of collagen). The scaffolds
with different microstructure were produced from poly(L-
lactide-co-glycolide), synthesized with zirconium compound,
by solvent casting / particulate leaching technique.

Materials

Synthesis of copolymer

Glycolide and L-lactide (Purac, Holland) were purified
by re-crystallization from dry ethyl acetate and dried in a
vacuum oven at room temperature; Zr(acac), was used as
received.

Copolymerization was performed in bulk with a Zr(acac),/
molar ratio of 1.2x10* at 100°C by a conventional method
using a vacuum line for degassing and sealing of the am-
poules according to the method described previously [4].
The obtained copolymer was ground and shaken with me-
thyl alcohol in order to remove unreacted monomers and
then dried in vacuum at 50°C.

Preparation of foams

The foams were produced by solvent casting / particulate
leaching technigue, according to a method described previ-
ously [5]. Three chemicals differing in particle sizes were
used as porogens: sodium citrate, sodium chloride and glu-
cose (POCh, Gliwice, Poland). The porogen volume frac-
tion was 85%. Three foams were produced: foam 1 (with
the use of sodium citrate), foam 2 (with the use of sodium
chloride) and foam 3 (with the use of glucose),

Methods

Characterization of copolymer and foams

The copalymer composition was determined by 'H and
*C NMR measurements (Varian Unity Inowa spectrometer).
The molecular weight and polydispersity index were deter-
mined by gel permeation chromatography with the Physics
SP 8800 chromatograph.

The surface composition of copolymer and foams were
analysed by X-ray photoelectron spectroscopy (SSI X-Probe
spectrometer from Surface Science Instruments, Mountain
View, CA. USA) according to a method described previ-
ously [6]. The contact angle of copolymer was measured
by sessile drop method by an automatic system DSA 10
from Kruss, Germany. The result was obtained by averag-
ing of 10 measurements,

The porosity and water uptake of foams were calculated
from the weight of dry samples and samples soaked with
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wytarto mokrg, tkaning w celu usuniecia wec)
wierzchni | zwazono (m,,..). Nastepn ; ysu
suszarce prozniowej przez 24h i ponownie zwazono (m,, ).
“lasiakliwose wyliczono z nasiepujacego wWZorl:
nasigkliwo$é (%) = 100 (m,. - my,) [ My,

Mikrostrukture gabek badano za pomoca mikroskopu
sxaningowego JSM 5400 JEOL przy powigkszeniu 50 razy.
=rzed analiza probki napylono cienkg warstwa wegla w celu
~zdania im wiasciwosci przewodzacych.

Charakterystyka porogenow

=ozmiar ziaren porogendw wyznaczono za pomoca mikro-
=<opu optycznego wyposazonego w okular z podziatkg mi-
<rometryczng. Wykonano pomiary 200 pojedynczych zia-
=n kazdego porogenu.

Sadania komdrkowe in vitro

Gabki o wymiarach 20 mm Srednicy i grubosc 2 mm,
wylatowiono z obu stron za pomoca promieniowania UV
~rzez 30 min. Do badan uzyto ludzkg linig osteoblastow
~FOB 1,19. Hodowle prowadzono w inkubatorze w atmos-
‘zrze 5% CO, / 95% powietrza, w 34°C przez 7 dni. Kontro-
= stanowit polistyren do celéw hodowli komorkowych
TCPS). Przezywalnosé komérek oznaczano rutynowo za
comocy barwnika (biekitu trypanowego). Produkcje kola-
Zenu oznaczano metodg ELISA.

Wyniki i dyskusja

Analiza NMR wykazala, ze stosunek molowy glikolidu
Jo L-laktydu w kopolimerze PGLA wynosit 18:82. Badania
~hromatografii zelowej wykazaly, ze liczhowo $rednia masa
~zasteczkowa (Mn) kopolimeru wynosita 34000D, a wspot-

Foam 1/ Gepka 1

Foam 2/ Gehka 2

Foll / Folia

PGLA 18:82 (theory) | 58 42

TABELA 1. Analiza chemiczna powierzchni za
pomoca XPS kopolimeru w postaci gabek i folii z
w poréwnaniu z wartosciami teoretycznymi.
TABLE 1. XPS Surface composition copolymer
in the form of foams, foil in comparison with
calculated theoretical values.

TABELA 2. Wiasciwosci porogendw i gabek, w
nawiasach przedziat ufnosci, « = 0.95.

TABLE 2. Properties of porogens and foams;
confidence interval in brackets, o = 0.85.

008009@SQ'GO-DOOC00000'@00ﬂ‘&.‘.ﬂﬂl...&os&@.

water. The samples were immersed in distilled water for 10
minutes. After both surfaces of the foams were wiped with
a wet tissue fo remove water from the surfaces and foams
were weighed (mwet). Finally, the samples were dried in
vacuum oven at 35°C for 24h and weighed once again
(mdry). Water uptake was calculated using the formula:
water uptake (%) = 100 (m,. - m, )/ my, .

The microstructure of foams was studied by JSM 5400
scanning microscope from JEOL, Japan at magnification of
50 times. Before analysis the samples were coated by a
thin carbon layer in order to make them conductive.

Characterization of porogens

The size of porogens’ particles was measured by optical
microscope equipped with a micrometric eyepiece. The
measurements of 200 individual particles Tor each porogen
were done.

In vitro cell studies

Both sites of the scaffolds in a form of circles, 20 mm in
diameter and 2 mm in height, were sterilised by Ultraviolet
light for 30 min at each site. Human osteoblast line hFOB
1,19 was used. The cells were seeded at a density of 20
000 cells/em? in 2 ml culture medium. The cell culture was
kept in an incubator with a mixture of 5% CO, / 95% air, at
34°C for 7 days. TCPS was used as a control. Viability of
cells was routinely monitored by cellular exclusion of trypan
blue. The production of collagen was measured by ELISA.

Results and discussion

A molar ratio of glycolide to L-lactide in copolymer
paly(glycolide-co-L-lactide-) (PGLA) was 18:82, as shown
by NMR. GPC measurements showed that number-aver-
age molecular weight (Mn) of copolymer was 34000D and
a polydispersity index, d = 2.5. The studies of degradation
process of this copolymer are the objective of other paper
[71.
The XPS resulis, presented in TABLE 1, demonstrate
that the surface composition of copolymer in the forms of
foil and foams are almost the same and they are very close
to theoretical values. Mareover, any other elements than C
and O were detected on the surface of foams obtained with
the use of sodium chioride and sodium citrate, suggesting
that all salt was leached out.

Properties of porogens and PGLA foams obtained with
the use of porogens are gathered in TABLE 2. The size of
sodium citrate particles was 600 mm (+ 100 um), sodium
chloride 200 um (+ 40 um) and glucose 40 gm (£ 10 yum).
Porosity of the PGLA foams was about 88% and did not
vary depending on the porogens used. The porosity values
were slightly higher than the value assumed in the stage of
foams designing, V.= 85%. The foams had also a high
water uptake of about 600%, despite the fact that the co-
polymer was quite hydrophobic. The contact angle of
copolymer foil was 87°t2° as measured by sessile drop.
The high porosity and water uptake of spongy scaffolds are
desirable for ceil attachment and growth, easy diffusion of
nutrients and waste products from the implant and for the
vascularization processes [1, 3].

The SEM analysis of PGLA foams shows interconnected
pores of sizes varying depending on the porogens used in
production process. FIGURES 1 a, b, ¢ demonstrate repre-
sentative microstructures of foams. The sizes of pores in
foams are close to the sizes of porogen particles.

Thus, it can be concluded that the foams produced in
this experiment have very similar surface chemistry and po-
rosity but different size of pores.
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czynnik polidyspersji, d = 2.5. Badania nad procesem c=-
gradacji tego polimeru sa przedmiotem innego nasz=gc
artykutu [7].

Wyniki XPS przedstawione w TABEL| 1 pokazuja. z=
sktady chemiczne powierzchni kopolimeru w postaci folii |
gabek sg niemalze takie same i bardzo zblizone do wario-
sci teoretycznych. Ponadto nie stwierdzono obecnosci in-
nych plerwiastkow niz wegiel i tlen na powierzchni ggbek
otrzymanych z uzyciem cytrynianu i chlorku sodu, co $wiad-
czy, ze porogeny zostaty w catosci wyplukane z gabek.

W TABELI 2 przedstawiono wiasciwosci porogenow i ga-
bek otrzymanych za ich pomoca. Rozmiar ziaren cytrynia-
nu sodu wynosit 600 ium (£ 100 gm), chlorku sodu 200 um
(+ 40 um) i glukozy 40 um (£ 10 um). Porowatosc otrzyma-
nych ggbek wynosita natomiast okoto 88% i praktycznie nie
zalezata od rodzaju uzytego porogenu. Uzyskana porowa-
to$¢ byta nieco wyzsza od zalozonej na etapie projektowa-
nie gabek, V= 85%. Gabki charakieryzowaty sie ponadio
wysoka nasigkliwoscig, okoto 600%, pomimo ze kopelimer
ma whasciwosci hydrofobowe. Badania metodag kropli wy-

= CSURE 2 presents viability of osteoblasts seeded on the
foams in comparison with TCPS, while FIGURE 3 presents
synthess of collagen by osteoblasts. It is apparent, that
he highest vizbility and the highest synthesis of collagen
by osiecblasis, comparable with the control, were meas-
ured for foem 1 with the highest pore size, about 600 mm.
Cn the conirary. the lowest viability and synthesis of colla-
gen was observed for the foam 3 with the pores of about 40
um. The foam 2, with the pores of about 200 gm, shows
the intermediate values of viability and synthesis of colla-
gen. These resulis can be compared with the investigations
of the effect of implant microstructure on bone regeneration
[8]. It was shown, that the optimum pore size for bone re-
generation was in the range of 100-350 um. Our studies

show hewever, that larger pores are more suitable for
osteoblasts in vitro.

RYS. 1. Obrazy SEM gabki 1(a), gabki 2(b), gabki 3 (c), powigkszenie 50x.
_ FIG. 1. SEM micrographs of foam 1 (a), foam 2 (b) and foam 3 {c), magnification 50x.

N |
100 | —g— '

80
60
40
20 b

TCPS F1 F2 Fi3

Viability / Przezywalnosc, %

RYS. '2 Przezywainosc osteobtastow na gabce 1
(F1), gabce 2(F2), gabce 3 (F3) i polstyrenie dla
'kultur komérkowych {TCPS) po 7 dniach hodowli
~ FIG. 2. Viability of osteoblasts seeded on foam 1
_ (F1), foam 2 (F2), foam 3 {F3) and tissue-cuitured
palystyrene (TCPS) after 7 days of culture.

kazaty, ze kat zwilzania folii kopolimerowej wynosil 877227,
Wysoka porowatosc i nasigkliwose materiatow pedtozowych
sg niezbedne w celu uzyskania odpowiedniej adhezji | wzro-
stu komorek, tatwej dyfuzji skladnikow odzywezych | pro-
duktéw przemiany materii a takZe procesow unaczynienia
implantu [1, 3].

Analiza gabek za pomoca mikroskopu skaningowego wy-
kazata, ze rozmiar zalezy od rodzaju perogenow wykorzy-
stanych do produkcji ggbek. Reprezentacyjne mikrostruk-
tury gabek przedstawiono na RYSUNKU 1 a, b, c. Rozmiar

35 p— —

Collagen production /
produkcja kolagenu, ng/ml

TCPS F1 F2 F3

RYS. 3. llo$¢ kolagenu wyprodukowanego przez
osteoblasty na gabce 1 (F1), gabce 2(F2), gabce
3 (F3) i polstyrenie dla kultur komérkowych
(TCPS) po 7 dniach hodowli.

FIG. 3. Values of collagen production by
osteoblasts seeded on foam 1 (F1), foam 2 (F2),
foam 3 (F3) and tissue-cultured polystyrene
(TCPS) after 7 days of culture.
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corow jest zblizany do sredniego rozmiaru czasteczek po-
Togenow.

Tak wiec mozna stwierdzi¢. ze ofrzymane gabki maja
‘=kg sama budowe chemiczna powierzchni i udziat objeto-
sclowy poréw; roznia sie natomiast rozmiarem porow.

RYSUNKI 2 i 3 przedstawiajg odpowiednio przezywal-
n0s¢ osteoblastow i produkcje kolagenu przez osteoblasty
~ obecnosci badanych gabek w poréwnaniu z TCPS. Z ba-
Zan wynika, ze najlepszg przezywalnosc | najwyzszg pro-
cukcje kolagenu, porownywalng z kontrolg, uzyskano w
orzypadku gabki 1 o najwigkszym rozmiarze porow, okoto
200 mm. Najnizszg przezywalnos¢ i produkcje kolagenu
strzymano w przypadku gabki 3 o porach o rozmiarze oko-
240 um. Gabka 2 o porach okoto 200 um wykazywata po-
srednie wartosci przezywalnosci | produkcji kolagenu przez
osteoblasty. Wyniki te moga by¢ porownane z danymi lite-
rzturowymi dotyczacymi wplywu mikrostruktury na odbu-
Zowe kosci [8], w ktdrych stwierdzono, ze optymalny roz-
miar porow dla regeneracji tkanki kostnej miesci sig w za-
<resie 100-350 um. Badania nasze pokazujg jednak, ze
cabki polimerowe o wiekszych porach sa bardziej odpo-
viednie dla hodowli osteoblastow in vitro.
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Polisulfon (PSU) jest amarficznym palimerem termopla-
=ycznym charakteryzujacym sie wysokimi temperaturami
- zemian fazowych i duza energig wiazan miedzy atomami

zncuchach , co nadaje mu doskonate witasnosci uzytko-
= w szerokim zakresie temperatur. W medycynie znajdu-
= zasiosowanie zarowno do produkgji sprzetu ( butelki, bto-
dializacyjne czesci aparatow oddechowych) jak i in vivo
oostaci roznego rodzaju implantow. Powszechnie uzna-

‘=st za materiat biozgodny, latwy do sterylizacji a takze

—ydatny do wytwarzania materiatow kompozyto-wych np.
- wioknami weglowymi. Powierzchnia nie modyfikowanego
~Zisulfonu ma charakter hydrofobowy wynikajacy z jego
- _Zowy chemicznej. Powierzchnie takie maja zdolnosc sil-

=20 | nieodwracalnego wigzania roznego rodzaju biatek .
Z d hg|ej strony komorki w kontakcie z takimi materiatami
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Polysulfone (PSU) is an amorphous thermoplastic poly-
mer, of high phase transition temperatures and high energy
of bonding between the atoms in a chain, which makes it
perfectly applicable in a wide range of temperatures. In the
field of medicine it is used in both manufacture of equip-

ment (bottles, dialysis films of respirator elements) and in

vivo as implants of various types. It is commonly recog-
nised as a biocompatible material, easy to sterilise, also
useful in the production of composite materials with, for in-
stance, carbofibres. Due to its chemical composition the
surface of non-madified polysulfone is hydrophobic. Such
surfaces are capable of strong and irreversible bonding of
various kinds of proteins. However, in contact with such
materials cells have low adhesive capacity, which may un-
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