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2. Powierzchnia piytek twerzywa siarkowego SK wydtuza
proces krzepniecia krwi.

3. Tworzywo siarkowe SW ( siarka, krzemionka, wegiel-sa-
dza ), przy diuzszym kontakcie z krwig, wykazuje dziatanie
toksyczne na skiadniki krwi.

4 Tworzywo siarkowe SW, wydiuza proces krzepnigcia krwi.
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Wprowadzenie

Materialy biomedyczne o wysokim stopniu biozgodno-
$ci, i produkty ich biodegradacji, nie powinny wywierac
wplywu na ukiad immunologiczny organizmu, bowiem po-
budzenie uktadu immunologicznego moze nasilac procesy
zapalne, a takze wyzwolic reakcje alergiczne. Sa to zjawi-
ska niekorzystne zardwno w przypadku krotkotrwatego kon-
taktu biomateriatu z tkankami, ale przede wszystkim dla
diugotrwatego utrzymania wszczepu w organizmie. Dotych-
czas nie w peini poznanym zjawiskiem jest wplyw biomate-
riatéw na produkcje i uwalnianie mediatorow zapalenia, ta-
kich jak: czynnika martwicy guza (TNF-«) najwczesnigj
wystepujacego w ognisku zapalnym, a takze interferonow
(IFN) aktywujacych makrofagi i fagocytoze. Obecnose cy-
tokin prozapalnych powoduje wzrost poziomu NO, kitdry w
matych ilosciach petni funkcje ochronng, natomiast w wy-
sokim stezeniu wywiera dziatanie cylotoksyczne na komor-
ki. Przesledzenie stymulagiji tych mediatorow (TNF-¢, IFN-
7, NO) moze udzieli¢ odpowiedzi o potencjalne] wczesnej |
poznej reakeji tkankowej na nowe biomateriaty i okazac sie
czutym testem do praktyczne] selekeji materiatow.
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Medical materials of the high level biocompatibility and
products of their biodegradation should not have any influ-
ence on the immunological system of organism, because
such stimulation may cause the increase of inflammatory
reactions as well as to provoke the aiierg&c reactions. Such
reaction are unfavourable in both cases, for short -time con-
tact biomaterials but specially for all mpianted.materlais
which stayed for long time in the body. As for today we do
not know too much about the influence of biomaterials on
the production and releasing of inflammatory mediators,
such as tumor necrosis factor (TNF-x), which are present
in inflammatory site during the early stage, and such as
interferons which activates macrophags and phagocytosis.
The presence of pro-inflammatory cytokines caused the
increase of nitric oxide, which itself in small quantities has
the protective function, but in higher concentrations has the
cytotoxic effect on the cells. The monitoring of the stimula-

tion of these mediators could give us the answer about the

potential, early and late tissue reaction for the new
biomaterials and it could prove to be the sens:tlve test for

MATERIALOW

practical selection of materials.
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Materialy i metody

Sadano dwie grupy biomateriatow, przeznaczonych:

- Jo czasowego kKontaktu z tkankami - silikonowe cewniki
zCherzowe | dreny

- 0 statego kontaktu z tkankami -poliestrowe dzianiny (hy-

“ofilowa- | i hydrofobowa - I ), hydroksyapatytwe implanty

“oxostne ( HAP i HAP/TCP)

—o doswiadczen uzyto probek o jednakowe] wadze.

Ciagle linie komorkowe

Do badan uzyto linii komorkowych oznaczonych L929 i
4540
- _929-linia komdrkowa otrzymana z podskérnej tkanki tiusz-

zowej myszy C3H, fibroblastopodobna (ATCC CCL 1).
~odowle komarek L929 prowadzono w plynie hodowlanym
—agle'a (MEM) z dodatkiem 10% inaktywowanej (30min.,
=5°C) surowicy cielecej (CS), 100 j/ml penicyliny, 100 pg/mi
=reptomycyny i 2 mM L-glutaminy. Komorki przeszczepia-
70 co 48 godz.

- A549 - linia komérkowa ludzka raka ptue, nablonkowa
ATCC CCL)

Hodowle pasazowano w w ptynie hodowlanym Dulbec-
-0 (DMEM) wzbogaconym L-glutaming (2mM) i surowica
2% lub 10%) inaktywowana w temp 56°C przez 30 min
oraz 100ug/ml streptomyeyny.

Wirus

Namnazanie i oznaczanie aktywnosci Encephalomyocar-
2its virus (EMCV) szezepu Col MM (Picornaviridae) pro-
‘adzono na linii komorkowej L9289,

Metoda izolacji leukocytéw z ludzkiej krwi ocbwodowe]
I indukcja cytokin

Krew pobierano na heparyne w stosunku 1:10, leukocy-
Iy izolowano przez wirowanie w gradiencie gestosci z uzy-
ciem Gradisolu Agua-Medica (1ml krwi na 0,6 gradisolu).
~lukano dwukrotnie w medium hodowlanym RPMI1640 z
Jodatkami.Na piytke 24 dotkows firmy Costar nanoszono
0o 1 ml zawiesiny leukocytow o gestosci 1-10 8 ml. Do tak
orzygotowanych komoérek dodawano jatowe prébki bada-
nych biomateriatow o wadze 10 mg. nastepnie inkubowa-
now temp. 37°C w wilgotnej atmosferze z 5% CO,. Super-
natant znad komorek i biomateriatéw zbierano po 24 godzi-
nach inkubagji i zamrazano w - 70°C do czasu oznaczen.
"/ supernatantach znad komérek i biomateriatdw oznacza-
no poziom cytokin | NO.

Metoda oznaczania IFN

Poziom interferonu oznaczano mikrometryczng metodg
zahamowania efektu cytopatycznego (CPE) wirusa EMC w
xomarkach hodowli A549. Miareczkowanie interferonu wy-
<onywano na 96 dotkowych ptaskodennych ptytkach plasti-
<owych. Na plytce zakiadano hodowle A549 o gestosc
2-10°/ml i inkubowano 24h (37°C, 5% CO,). Na dodatkowej
olylce przygotowano odpowiednie rozcienczenia badane-
2o materiatu w DMEM z dodatkami. Nastepnie ptyn znad
nodowli A549 usuwano i nanoszono przygotowane rozcien-
czenia badanego materiatu.

Po 24h inkubacji (370C, 5% CO,) hodowle zakazano
EMCV o mianie 102 TCID50/m. Zawiesine wirusa przygo-
owano w pltynie hodowlanym DMEM z 2% surowicy ciele-
cej. Na ptytce pozostawiono kontrole wirusa (EMCV) w ho-
Jowli, kentrole referencyjnego interferonu i nie zakazong
kontrole hodowli komérek A549. Po 24h inkubagji odczyty-
vano efekt cytopatyczny w mikroskopie odwroconym. W
orzypadku obecnosci interferonu w materiatach, obserwo-
~vano ochrong komdrek przed cytopatycznym dzialaniem
virusa. Rozcienczenie interferonu, przy ktorym obserwo-
vano ochrone przed efektem cytopatycznym w 50% komo-
rek, przyjmowano za 1j. IFN. Wyniki odnoszono do miana
standardowego IFN-y (Pharmigen, USA).
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Materials and methods

There were two groups of biomaterials tested:

- short-time contact: silicone drains and catheters:
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- long-time {permanent) contact: polyester kmtmgs (hydro-

phobic | and hydrophiolic I), hydroxyapatite bone implants
(HAP and HAP/TCP).
For the assessment the samples of the same weight were
used.
The continuous cell culture lines

In experiments we used of lung adenocarcinima A549
cellline ATCC CCL 185 and L 929 fibroblastic mouse cells
CCL 1. The cells A549 were grown in Dulbecco, Minimum
Essential Medium ( DMEM) (Gibco), 929 cell line in Eagle
culture medium (Gibco), supplemented with 10% calf se-
Lm (GIbCO 2mM L-glutamine (Sigma). streptomicin and

pencxilln (100 uglmly (Polfa), and incubated at 37°C in hu-
midified atmosphere with 5% CO,. after 48 hours, cells were _

harvested using trypsin-EDTA (Sigma), and washed two
times in Dulbecco or Eagle medium.
Viruses

The muitrphcat:on of viruses Encephalomyocarditis vi-

rus (EMCV) of the strain Col MM (Picornaviridae) and as-

sessment of their actiwty were conducted on L929 cell cul-

ture line.
The human leukocytes sampling and cytokmes induc-
tion.

The leukocytes used for the assessment were sxrracted -.

from the peripheral blood of healthy volunteers, which was
collected for heparin after centrifugation at the density gra-
dient of Gradisol Aqua-Medica (1ml of blood for 0,6 ml of

gradisol). For the purpose of this assessment, a leukocyte

suspension in the RPMI medium with 2% fetal calf of se-
rum, 100 v/ml of penicillin, 100 mg/ml of streptomyein.
Ona plate with 24 wells (Costar Ltd.) 1 ml of the leukocyte
suspension of 1x106 cells/ml in the culture liquid RPMI with
2% caif serum was deposited into each well. Samples of

the tested biomaterials in amount of 10 mg of each were

added to prepared cells, which were then incubated for 24h
at 37°C and 5% CO2 and then were frozen at -70°C until. ;
the time of tests. The activities of TNF-a, IFNJy, and nitrlc :

oxide were assessed in the supematants
IFN activity

The interferon level was. assessed by the mscr&method :

of inhibition ‘of the cytopathoiogrcal effect (CPE) of EMC

virus in the A549 cell culture of human lung adenocarc&-
noma.

The interferon titration was conducted on p_lastic 96_-Ws'!1
plates. An A549 cell culture of the 2x105 /ml density was

established on each plate and incubated for 24h at 37°C
and 5% CO,. The proper dilutions of the tested materials in

the Dulbecco medium with 10% calf fetal of serum were
prepared on the additional plate. The supernatant from

above cell cultures was removed and prepared dilutions

were deposited. After 24h of incubation (at 37°C and 5%
CQ,) the cuiture was infected with the titre 102 TCID50/m
of EMCV virus. The virus suspension was prepared in the
liguid culture medium DMEM with 2% calf fetal serum. The

control EMCV virus in the culture, the control-referenced

interferon and non-infected A549 cell culture were left on

the plate. The cytopathological effect was observed in the

reverse microscope after 48h incubation. The presence of
interferon resulted in the protection of the cells against
(,y’topathoiogical eﬁecfs of the virus. The dilution of the in-
terferon, which protscted 50% of the cells, was adopted as

‘one unit of IFNs. All results were corrected to the standard

titre of IFN-s.
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Metoda oznaczania aktywnosci czynnika martwicy no-
wotworow

Miano TNF-x oznaczano metoda biologiczng na plasti-
kowych piytkach 96 dotkowych. Na plytce zaktadano ho-
dowle komorek L929 o gestosci 4+ 10°/ml i inkubowano 24h
(37°C, 5% CO,). Na oscbnej plytce przygotowano odpo-
wiednie rozcienczenia badanego materialu w MEM z 10%
surowicg cieleca i aktynomycyng D ( 2,5mg/ml). Nastepnie
ptyn znad hodowli L929 usuwano i nanoszono przygotowa-
ne rozcienczenia. Po 24h inkubacji (37°C, 5% CO.), obser-
wowano degeneracje komorek wywotang przez TNF-c. Jed-
noczesnie pozostawiono kontrole hodowli komdrek L929
(bez aktynomycyny), z aktynomycyna i kontrole standardo-
wego rHu TNF- ¢z, Rozcienczenie TNF- - wywotujgce efekt
toksyczny w 50% komarek, odpowiada 1 jednostce aktyw-
nosci TNF-¢. Wyniki odnoszono do miana standardowego
rHu TNF-c (Pharmigen,USA).
Oznaczanie poziomu tlenku azotu

Stezenie NO, w nadsaczach znad hodowli leukocytow
mierzono wykorzystujgc metode kolorymetryczng wg. Din-
ga i wspotr. (1988). Na plastikowa ptytke 96 dotkowa (Nunc)
nanoszono badane supernatanty w ilosci 100ml/dotek do-
dawano po 100ml odczynnika Griessa (0,1% dichlorowo-
dorek naftylenodiaminy w H,0 i 1% sulfanilamidu w 5%
H.PO, w stosunku 1:1). Plytke inkubowano w temperaturze
pokojowej przez 12min. Po tym czasie oznaczano absor-
bancje na czytniku Stat Fax 2100 ( Awarenes, Technology
inc) przy diugosci 540 nm. Stezenie NO. obliczano korzy-
stajac z krzywej standardowej NaNO,.

{5

TNF—a level _ . :
The level of TNF-a was determined by biological method
on 96-well plates on which the 1.929 cell cultures of mouse
fibroblasts were established with the density 2:10° /ml and
incubated for 24h (37°C and 5% CO,). The proper dilutions
of the supernatant from above leukocyte cultures in the
Eeagle medium containing 10% calf fetal of serum and
actinomycine D (Sigma) (2,5 pg/ml) were prepared on a
separate plate. Then the liquid from above the 1929 cul-

tures was removed and the proper previously prepared di-

lutions were deposited on these cultures. The _degén_era—
tion of the cells caused by TNF was observed in the in-
verted microscope after 24h and 72h incubation (at 37°C
and 5% CO,). In parallel L929 cultures in the Eeagle me-
dium a without actinomycine, with the actinomycine and the
standard control of rHu TNF-« were also established for
comparison.
Nitric oxide level

The concentration of nitric oxide (N02) was measured in
the supernatant from above leukocyte cultures using the
colorimeter method according to Ding et all. 100 pl of Griess
reagent (i.e. 0,1% dihydrochloride naphthylenediamine in
H,O and 1% sulfanilamide in 5% H,PO, in the ratio 1:1)
was added to 100 yl of the tested material for one well.
Then the plate was incubated at room temperature for only
12 minutes and optical density was measured in the Stat
Fax 2100 counter (Awareness Technology Inc.) at the wave-
length of 540 nm. The concentration of NO, was calculated
in relation to the standard curve of NaNO, prepared within
concentrations from 1 pM/ml to 100 pM/ml.
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‘RYS. 1. Pozim cytokin prozapalnych TNF-«, IFN-y i tlenku azotu w nadsaczach
hodowli leukocytéw krwi ludzkiej po stymulacji probkami biomateriaiow.

FIG. 1. The cytokines levels of TNF-¢, IFN- and nitric oxide in the supernatant of
human peripheral blood after stimulation by the samples of different biomaterials.
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Wyniki
Omowienie

=adane silikonowe dreny i cewniki nie stymulowaty leu-
“oytow ludzkich do zwiekszonej syntezy TNF i IFN oraz
Zrostu poziomu tlenkdw azotu, a otrzymane wyniki byty
-rownywalne ze spontaniczng produkcjg tych czynnikow
Zzez komarki nie traktowane biomateriatami (RYS. 1).
Eiomaterialy przeznaczone do bezposredniego kontak-
- z krwig (poliestrowe dzianiny) i na wszczepy kostne (hy-
“oxsyapatyt, hydroksyapatyt-TCP), wywotywaty umiarkowa-
"= Indukcje badanych mediatorow reakcji zapalnej (RYS.
Produkcja TNF-¢, najwazniejszego i charakterystycz-
1 czynnika reakcji zapalnej, przez leukocyty stymula-
e probkami gumy technicznej stanowita kontrole pozy-
g (TNF-128j/ml).

Whnioski

' Badane biomaterialy przeznaczone:

— do czasowego kontaktu z tkankami - silikonowe dre-
v | cewniki nie powodujg wzrastu syntezy cytokin TNF |
NF T tlenkow azotu w leukocytach ludzkich.

— do statego kontaktu (wszczepy)- polestrowe dziani-
7y I hydroksyaptytowe materiaty dokostne charakteryzujg
= 2 umiarkawanymi wiasciwosgci immunomodulacyjnymi.

2. Przesledzenie stymulacji mediatoréw zapalenia TNF, IFN,
0 moze udzielic odpowiedzi o potencjalnej wozesnej i
oozne| reakcji tkankowej na nowe biomateriaty.
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Results
Discussion

The tested silicone drains and catheters did not stimu-
late human leukocytes for higher synthesis of TNF-c, IFN-y
neither to the increase of nifric oxide level. The obtained
results were all comparable with the spontaneous produc-
tion of these factors by the control cells not treated with the
tested biomaterials (FIG. 1).

Biomaterials intended to use in direct contact with blood
(e.g. polyester knitings) or as bone implants
(hydroksyapatite, hydroksyapatite-TCP), caused the mod-
erate induction of the tested pro-inflammatory mediators
(FIG. 1). Production of TNF-, the mostimportant and char-
acteristic of all the inflammatory reaction factors, by the
human leukocytes stimulated by the samples of technical
rubber served as the positive control (TNF-128u/mt).

Conclusions

1. The tested biomateriais intended to use;

— short-time contact with tissues (silicone drain and
catheters) do not cause the increase of the synthesis of
cytokines TNF-¢z , INF-y and nitric oxide (NO) in human
leukocytes. :

~ long-time (permanent) contact (implants) - such as

polyester knitings and hydroxyapatite bone implants are
characterized by moderate immuno-modulative properties.
2. The monitoring of the stimulation of these mediators could
give us the answer about the potential, early and late tissue
reaction for the new biomaterials. :
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