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antibiotiky (gentamicina vankomycinjao p Dt 6 yoDi | ¢ ajgpogupk t er 1

zaj i g&ya @& okormenvaviantibiotikabezrizikan § s | evdynn®ht®fal g2 c h
technol kgbclkwEechprodiktje, nar o zaldIS2 przaels T Sovan®h
kol agenu, stabil n2 [ pSi sterilizaci gamr
t estimw@nap ot k enodelun n f i kro8vnayn.®

Bylapr o k &fel@ivitav | ®lo b B nlc ¢ BiBfédkadPseudomonaaeruginosaa

kmene Stafylococcusaureusr e z i sk metidilimu3(MRSA). Vzhledemk vy sok®
pot SebnN profylaxe a terapie infekc?2 poope
polyreziptvomntci2 mie jedn§ o slibnl vopyrudgigttSed:é

Zkugenosti, kvt epr r®T bjIshnue uzv?osl knaolvi8 n2 ATB z K
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ma t e ati 2ginfekce.
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analbDglpgnavr gen zpTsob heparinizace kol age
anal Tzy.
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Do hrudn2 stBDny potkanT pbryotyo tiynppll aznat o%l8enlye
doby vstSeb8vEg&n2 pros2Sovan®praolsdtealid i tzeste
farmakokinetickTch o g n osvtl2i v kdh A g edrerg?r ald a
vhojovgn2. Byly formulov8ny fin8ln2 posturg

Kl 2] ov&odlagwa:;, antibiotick® kryt?2 ran, ge!



SUMMARY

During the project, unique collagémams were developed from collagen obtained from

the skin of freshwater fish (common carp, Cyprinus carpio). The problem of instability of
the collagen matrix from collagen obtained from ebldoded animals at mammalian
body temperature was overcome byboaliimide crosslinking. Subsequently, the foams
were impregnated with antibiotics (gentamicin and vancomycin) atybphilized, a
process that ensures the required concentration of antibiotic without the risk of subsequent
leaching in further technologgl steps. This product, in contrast to +owasslinked
collagen preparations, is stable even when sterilized by gamma radiation. The final

sterilized product was tested in vivo in a rat model of an infected wound.

Efficacy in the treatment of potentiallgthal Pseudomonas aeruginosa infection has been
demonstrated and testing of the dreaded and increasingly common mettasilitant

strain of Staphylococcus aureus (MRSA) is currently underway. Due to the high need for
prophylaxis and therapy of postopgve and other wound infections by the above
mentioned polyresistant agents, this is a promising tool for future clinical use.

The experience we have gained during the release of ATB from collagen foams will be
used in further development to impregnéte outer collagen layer of the vascular
prosthesis, which could eliminate one of the biggest disadvantages and risks associated
with the use of artificial materials and infection.

Furthermore, during the research, we developed pdohnologies to program the
porosity and degradation programming of these collagen foams from fish collagen. A
number of tests were performed, including analyzes of secondary structures of collagen
samples of source collagen and collagen obtained froprditeiced vascular prosthesis,
including in vivo tests. The degree of preservation of the native collagen structure was
monitored by FTIR and electrophoretic analysis. Furthermore, a method for

heparinization of collagen samples and a method for their@salas proposed.



The physical properties of collagen lyophilisates with antibiotics were investigated. The
work was focused on the design of the composition and preparation of collagen
lyophilizates with antibiotics. Furthermore, analyzes of the degoadptoperties of the
prepared materials were performed and on the basis of them the preparation process was

supplemented by additional crosslinking of collagen.

Various crosdinking methods were tested and the final preparation procedure was
recommendedased on the results. Based on the results, production processes were
modified in cooperation with collagen manufacturers in order to optimize the properties

of implants.

Parts of the new prototypes were implanted in the chest wall of the rats incoveeifyt

the absorption time of the sieved and sterilized collagen mass. Furthermore, testing of
pharmacokinetic possibilities of collagen foams, influencing of degradation, denaturation,
healing was performed. Final procedures for the production of eollpgostheses and

foams were formulated.

Key words: collagen, antibiotic wound dressing, gentamicin, vancomycin, rifampin
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SEZNAM POUGI ThCH ZKRATEK (seSaz

AMK aminokyseliny

ATB antibiotika

AUC plocha pod kSivkou

AV Akademi e vDiDd

BALB/c al b2nskT, | aboratornh vygl
doms§c?

BOV bovi nn?

bFGF rTstovl faktor fibroblastT

AcC stupeR Cel si a

CFU Colony Forming Unitsjy ednot ky tvoS2c?2

CLCS zes2Sovanl kol agen

nCLCS nzes2Sovanl kol agen

CYP,Cyp t SeboRskT kapr

LVUT | esk® vysok® ulen?2 technick

D m2ra degradace

DEMI demineralizovan8 voda (puri

EU velilina ke kvantifikaci a k

EDC N-(8 dimethylaminopropyiN-ethylcarbodiimid
hydrochlord

ELISA enzymelinked immuno sorbent assay

analytick8 metoda vyug?2van
stanovenantriJgzenni Tc h

Esw m2ra bobtngn?2

FTIR i nfralerven8 spektrometrie
g gram

gBOV hoviDz2 gel

gCYP kapS2 gel

GEN gentamicin
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MIP1U(CCL3)
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1.Bbvod

I nfekce v mp&Eeamd nFo v B8 dpauchirzgai cAkcl hcihl oovbuo r T
nejl asthRjg2 pS2.| ilhobammleihlojjpac2aseholaqy) 2 p
mohoub Tt pS2|linou ¥mrt2 v | asn ®@HKirkland KBoez d Nj ¢ 2
al., 1999).

Terapeut i ckmavenchrelgod e gjein¢ vi nf i kovan® poegial n
antibiotik (ATB),a t o jak v podobhD syst®hop®hpada
preventivn2ho pougit?2 antibiotik jesroky
c2lem vytvoSengulchr & n brb®haos t kjakeo prevenael n 2 h o
nookomi §8l n2 n8lRazoyhi rRrogspkbi foibok® jlem?y it ®
spekrum. Vhod n ® j e sl edovs8ht amnbhkriq@wreémdostigsp e k

vi skytekmomiossl n2ch n§§kaz a pS2slugn®ho bak
vibnRNr antibiotikad kikophefmeppdg8vé&mo TITmTptSe
obvykle kagdl rok mhDnRkor wm rpdBack@avmadgatS enji ko s
je c?2len® pod8vs8§n?2 antibiotika ui mpfacklema T
agens, obvyklel | e p o s | ednfikeveno® sotiplSausit ioper alneBom v 1 Kk
z hemokultury V. p 92 plaar di ov amik jsduB e p Bk as<thDjr @2 mi b ak
kmenyp S e d estafglékaRy a streptokokgvpS 2 p abd 8k Ge r | ®Eschesichij e d n §
Coli a 0 PseudomonasefuginosaV p S2 g dditbha k t ehlkingelnn? se jev?2 i
p 0 u @gankorhycinupro G+ bakterie a aminoglykosidv 8 a n tpiio Iz bakteiiek a
TatoATBv ganlo houp $ni2 tpemowvgIinfdkmer T ch pS2padech
pod8&n2 omeze mHKSten GH, Welk EM| 2010) k §

V pS2padh kuBdazb®d&§vEnt er yaddATBhéboeT oahpdéiel
s ren8ln2]ijjasaefntmesed h&§n2m mTge doj 2t k
zpTs opsekoukoncent@aA TB vVt DDkt er T ¢jdpromBé ¢ meloe ¢ h
dokonce phwigm®dglga2 a.dopotknachekleAd\Bede i v pom
vysoklch koncentrac2ch Kirempt®j évakmh sdyosktu®rem
Sada pr ac? ytraonmawlogea odratlogp?ecdhi ebdrechr (ButtagoiMA k T ¢ h
et al., 2005; Gruessner U et al., 2001; Xiong L et al., 2014; Hanh et al., 2014;
Kahramanck et al Mor3We%X J, et al ., 1986)
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Vpr Bottaraa GimenezZzey | o d wvyssaogkeincon | ok 81 n2 chezhl adi r
zn8§mek nepBobtopechty n&§hrmPpiy rhipsohmaPpo Kkl
impregnovah cshankomyci nem v kombinaci S cement et
(Buttaro MA et al., 2005)

V pS2padhN |l ok&ln2 aplikace ATB jsou jig nfr
nebo kol agenn2 gely s obsahemvyahlte bpot g %kwas
pro jejich hemostatickl efekdpekr al8ms2t arv8hn yd i

je pSikl &8§dg&me zevnh na r8§nu. Urlitou nevl
je nekontrol ovan® tokwd langldminb2amhgarubon Bk o lkiak & ¢
minutNap S2 kl ad v c¢c®vn2 chirurgii pSipkd28mo§ me

do operaln®&Nr8ngbhk®h@&skrpSeghe§ma miBlk @ dn|
c ®vohlhuoumiul. k Pokud j e houlbdiolckha z A aepku gvt yBphl aat va\ T
antbiotka bNDhem nhDkoli ka degtgek THEBIDE d2en8kloé
houba, kterou mus?2 organismus odbourat. T
z8vislosti n ac o¥gp rmaTvgle kno2l ta geedniuv? . rg§rihyo k Te m 2
pS2 k!l adkeonmejrd mu) kavd stgemm®1 OlxdlwWb iclnk yobsahuj 2c
gentamicinu/Garamycin Schwamm, Eurocept B.V., Ankeveeir. J)

GARAMYCIN -
SCHWAMM

Obr§8§zek 1. Komer|lnhD dgsnhupmick opagadmR cht &
ran.
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Kol agenn? kh @us®yujlsassinovst i captuph®ohaktnkul

. Antibiotkumse vy pl &8d uv n Nk o | mifutaa dpeos 2jteetko vy pl ave
vorgani smu jen kolagen, i nNkol(ikdat §8nT,

visledky.t®t o prgce)

. Kol agen poug2vanubk|l eRrop®niidbherB®BshPevs&n z
( b o vho,nkno2RRshko prmalsoel] 2 Tent o k o Vylkagug nvysolou g e m
antigenicitu,c 0 § s e pSi s telapegtidechk tyem$ i mTIge zpTsobov
reakce a ta po extrakcitelopeptid, kter® jsou nejvkotagenyant i ge
z2skan®ho ze savcT. Al ergick® reakce u ta
3%-4% populacéCharriereG et al., 1989)

. Pouth?ovi nkolagero ta®z namen i ko pSenosu bovinn?2
encefalopate p S2 padn (Pangjafeonrek /& ab al.,2005)

.V soulasn® dobh wEdtoyrwmjsk ®d v vy, kdenE L d Apeaichi Tetn 1
vel mi obezSetn2tZzekmPagemSichpopldn 2z bovi

kolagenu.

Z vige uvedenlTch nevihod soulasnh poug?2va
roste poadttevwvknatgpgon2m typu kol agemweddr§ it
negathvae | i mi nuj rey kotagendiRry® v D kol agen vykazuje me
porovngn2m s kolagenem z2skanlim ze savcT
podporuje adhezi a diferencideiu n (P&t F et al. 2012; Oh HH et al., 2019¢ho

jednoznalnou vihodou je ge eliminuje pSenc
zpracovsg§n2 a poug2vsgn? rydiz tpestpodeeld® M §.d sR®
ryb2ho kol @ayény ake tmeadbhemobhgzpéel kbBjoaygenne

ze savcT

V posledn2ch | etech se objevuj?2 pSedevg?2m
produkty kdlrad&ryu zmoSskPchkodvalgen b motSsRi
medi c2nsklch uapgi kjaic®® t hBkzeneirR® ¢ h § z eojv2@h?20 2z
ingenlTrstyv? ( N. N a) q astomatoldgi€Yanhbagiduehy 200h.aYang2 0 0 8
2001) . Ni ¢ m®@pdblikacgs paegniatt 4 cky b2 ch k@gouagenT
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literat® zat2m pom@dr OB @y ejdi nYe pSevE§JnN pr §c
medi¢ ny, konstrukci c ®¢hkrght 2pmat @ jreedlFo rsame

Ry b2 ho kvoel asgreonv njS§n2 s Db NG nold opjohudy2Tvi an Tfryiz i kka
nebo chemik ® mu  p 0,9 kzoSZdepnkdd pr o st Boehd§?z 2v ek ek tsetrS&nd § 1
a tepliettypogk® proPmdstaéemtidea yrbsg b hkood gaygse.n
svout roj groudtovu ktowmow, z T s taBimo&yseliny npeodl oyt pl eepnt & , d
|l 2mg se zvyguje ef8bhuwydeddtrhuchlydtto jladlnageanr
defi nloowlamgen z ,moEs&fi®horgp producent def.i

jeho |istotij. PS2bDgGmN dodjtou pmdasik Gguao®th k o | a
druhT moSskTtedygj ayd nvootl ri Tc hZprek jertrra® ne epr ve hl

Technol ogick® procesy z2sk8vgn? kol agenu

uni vers8l nD vypracovsgny a zcel g pratceipochyb
systematickl popis vlietnhR rTznTch <charak
kompd i kovan® vzhledem k mal ®mu mnogsBae2 publ
| et al. 2008)

KromhRD toho jre§rroylbreNjkg?l angae nzl p&rkaacSosvk§en 2% el y
skolagenemz epl okrevnich ¢givolichT, nedXBeS (denat
et al., 2008 Abychom =zabr §njid i nuwWtem&t pehoi technol
z e s 2 S oMerikn Yamebme z i kol agedosariujvelngek npyo moc?2 ¢
procesu s2tovs&n2 vhodnlT obr]2),nikdleannpz véme @&
sterilizacicht P&mt o 8l ovin alfvea@dnub,r ge s2t ov gn?2

fyzi k8l nz (zej m®na mechSani2cnk ®)e ad, pcr heegnbi jc€k ®
pS2 lziegr@werddan2ke zvIigen? tejhbskBehpoytia «o
pS2padhN tohoto pr ®aokijusHsd dodicdur Sv §rr2m tla2
vées 2 Savim se hTSedboar @mBigem dTlegitim fa
pS2pald@llicch v kol ajgiehnwolR vhsonZte e éd oa pr ost Sed?
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Fibrillar collagen

4 k? ,./ fonizing radiation

diolysi
Dry state (lvophilized collagen) Wet state: presence of H20 ralﬁf"OH

=i

ect effect: nolvoneptide chain solittina Indirect effect: Collagen cross-linkina

Obr.2.:Efekj amaz §Sen2? pSi sterilizaci kolagenu
2007)

Na vIirobhD rye2bbattbdbagemuchz st ymempodboprat
ZLF1IKUaVFN,AValL VUTd al g2 chspblvabt abMUDnRilaa doc
Kraj2]lka jig nhDkolik let. Kolagen je z2sk:
vichoz?2 surovinu kTgi tSebonsk®ho kapr a.
pSi zpradeewdynvdrhyylle zpracov8§vE&me odpadn?2 |
Surovina jcaodtewdnsfE av®jme mno st v 2

1.1 Kolagen

Jakolol ageny jsou oznalov8ny vI8knit® b2l ko
(13-14% hydroxyprolinu, 2% hydroxylysinu) s charakteris c k T m g2 h§n2 m. Tyt
mT g eme obvykl e detekovat prost Sednictv2m
stavebn2m kamenem onbkgsglieyglycinj psolinuhydzoryproi® n a

a hydroxylysin, kter® seosklspdajgi udokber Bz
jako tropokolagerfLedvina M et al., 2020yt o troj i t® deidBolyniseh
fibril, kter® sevygluBhprtk® koRQebgRaon2f ivbEikl
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Obr.3. : Stavba kolagenn2ho vl 8kna

(Obr.z a p T jNijheiiga W.H. et alCurrent concepts in osteogenesis imperfecta: Bone
structure, biomechanics and medical managemknirnal of Children s Orthopaedics
201913(1):1-11)

Zcela z8sadn? roli zde mMuiapepohmsesbahaysadden
se mezi jedn®S$ésduanigiyz vg ek nSaduw prTT Z«milatlgenu,
medi cposki®e ¢ djTeegi tyflj. g2 kol agen

Pr o p @alagenuvhedi c2 nhD Bs a§ kchagaktaigtiky?

1) bi ol oigainctkiSgeni ci ta vlIastn2ho kol agenu

2) fyzi-&l8é miDcokv8 i vnitel n® vytvg§Sen? pS2|Inlch
souvisej?2c?2 rozpustnost, nas8kavost a odbc

3 fyzi-km&¢t h#dnd ododdinestnat eri §l u pSi me(phaghnok®m
odolnost tahy ani § b yp oddouggleon 2k j eho v I datofeAtaévni t Sn
vl 8ken)
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V medi dzanfjsee pougdt gedtes 8gkoaln |Ventapmiorsu I®®h
vhDt gi nkib ljadgeeno bovinn2ho pTvodmuap%alelrdd jAoch
gl acha je skor o nleibot Tg kka lya gkeTng etCyap@avoniz)? h o

popul ace vykazuje alergidi na hovRDz2 b2] ko
(Charriere eta | . 1989) . Pro tyto pacienty pSedsta
spS2tomnost?2 bovi nn2lhipe kuv eadgeemiuc hr idzTivkood T Z
kol agen pro medic2nsk® pougit?z prakticky r

Pro vymwegditg2enBut mPasmmbest i kol agenenmrc?2 | enl
pNny, kol agemy)?. cZR&knl2admrzant & e ¢ h mpoSleadgeivogk’ Trm
ryb2ho kel al g dse?nt@mweSmél i tvrzen2 kol agenn?
vpTsewd s2 Sov ac 2 glutaraldehydjtahis, genipim)a pnSa.  vll eagse mre2 k
hmotu, kdywsddsh&z2poktu pS2| nTickhol wagzem?2 me
vi §kmedi¥2nsklich aplikac2ch se poug2vaj?
p r y s kkyt Seircl ,ghitaraljebydvzhledem e sv® potenci §l n2 bi o
postupniD vytlalov§8n. T2 mrydkolagegm pregoam@at pomT § e m

str8&§nce @Gmechhlhaemickk ® i ujemeotakoetpsticith, ®obtna@ostl i v R
rozpustnost, tuhosbrg@anpsemoostantvgesSebg§vanz
(Such Tetal,20155uchl TO0et6,alSuchl). T et al., 2017

1.2 Y2t 3ASYy 2F 12 YFUONROS LINR dzo2f

Kol agenov® matrice je mogn® poug?2t jako z¢
zpomal uj 2?2 WhvohRov&n%ky v m2sthD aplikace. T
pS2tomnost napS2kl ad ant¥lbinnt@t kka eiccevr Ppred
r § ROszczak Z, Friess W2003 Nandi SK et al., 2009 popS2padh mTgen

zpTsobem tl kmdt kbbhgehn?2 pmatri ci m8& me nayv
kter® se koRje(Codack Z.atral) 200 d|l agen s8&m o sok
hemostatick® vlIastnosti a pozitivnhD pTsob:

Raines RT, 2014).

Kol ageamtowvi® emn mohou blTt buN pevn® (napS. ho
r§ny n e tRoszcaal Z, irrfegs \W2003, nebop o | o P o h ® matrice®Bnha | 2
obvykle charakteg e | T ab Tnitonj cedkp IniDkma BBy do\erstpeydiprt N1 2
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LRMetal.,2018) Za fyziologicklch podm2nek mohou
snavsg8§zanou Y Walace DG, ethl.§20030 u

Vlastnosti| ®k ov T ¢ ma kfoolraegmagso®o v | i vinPezgg k | ad n 2 mi

vel il i nami
. Vlastnostmi kolagenu jako z 8§ k | asd m?v getnotky matrice, kter® wur |l u
n8sl eduj2c2 vilivy:

dr uh ¢ izekot|eije@ilagenz 2 s Kdagenzr T z ndircuhhoTS s kybro &
rTznout arpTlzon®& ami nokyisseoluivinés@® essnl 9  ak Pt u a
hl oubce ¢(Baehétal2b0B gi | e

or gsn, ze kter®ho je kolagen z2sk§g8n. Nap$
s | om ® & v Bkglagéhuypul, oprotikolagenzpodko g2, ve kter ®m s
typy kolagenuRuszczak Z, Friess \W2003. Rovnhgr konlagkenor g&8§nT 1
r Tzdeunat teplotu(Zinahg X, et al., 2004

u r ykolagenobylpops &n pS2 ml vwdywék tnmeraGelinecg p j et o u
na kvalitukolagenuBae I, et al.,2008

zpTsob zpracprwBmPBhu Pokrualcovwv 8n2 zavwvhwiviine t
nerozpust Nhogakagenp waikned d eknoalt augr eorv & god T h
extrakcikyselinamip S 2 p enzymy(Ruszczak Z, Friess W., 2003

z p T stexilizace(Ruszczak Z, Friess W., 2003

vli astnosti kol agenn2ch gel T, kter® mTgeme
kol agenn2ch mol e k(Wdllagce DGa ¢t &l., 2083u Kigdi Ry ¢t lala ¢ 2
2009, pSi ktweyt® odSe nd?e nkesd d& tdh vwwPBanta bri MKBt e r §
(ciprofloxacin)(Wallace DG, et al., 2003

. Vlastnostmimatrice, kt er ® jsou ur]eny pSedevg?2m

koncentraci kol hugotokw | caogge hs8dresaczakeZ, Fsiess W.,
2003.
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skl ggdkaePagenn?zch vrstetmi s ( mdlfes$lienik uv |raosztdn
propustnosti pBe &l dak®s d@doiuvo )navg§zanou z§s
je obaleno m®nN propusvobR®uwsEmR X Briess Wkt er §
2003 Chen MC, etal., 2005 Dal g2 m pS2kl adewmo ImRigjeSdikt ado
ciprofloxacinvz § v i sdhydsateci( t a mTge blt d&na m2rou ex
hor n?2 stranh je ukalljdRg echam 2 hdulbim, knyk ble®@IBi v o,
(Sripriya R, et al., 2004

zes?2 fnonvgreikul kolagenu, kter® jednozhAal nh \
stability matrice(Ruszczak Z, Friess W2003 Chen MC, et al., 2005 Molekuly
kol agenu nesm?2 me z(WaldcedDOetal., 2003pS2padhD gel T

ko mbi komgeftsj i nT mi ma k r manpdlednavduesalingu(Wallace
DG, et al., 2008

uzawSle®@l2dod pospeij[i sh n&§sl ednloal aigmdnog2p or ac
(Ruszczak Z, Friess \W2003.

. Vlastnostmil ®| k v emat®ce obsahuje p Sedev g2 m

rozpustnostt ® | view @adtmT ¢gpdstn 2 GampdS2 t omno 9z D s h ®
t2m p8&de kp dmalhd&jydgdimug m#? st a(Rasperak Xk &riess \V.
2003 Gruessner U, et al., 20p1

velikosemo | ek uliy old®lei wael i kosti mol ekuly mTg§eme
viDtg?z2, neg jsou p-ry kolagenn2 matrice (u
kolagen, 46 nm pro sukcinylovanl kol agen), j ej i

diffusi o mafi ®| snvoal ek ul amk t mej@uy d Mmif U z i z(WallacBlo v 8 n a
DG, et al., 2008

elektrostatick mvazlamime zi | ® i vem a kol agenn2mi vl |
matricep r o |d@&I|n(@altage DG, et al., 2003

Z p o madifezavgn e z e s 2 Xolagenus@yskytujep S e d eumngldomolekul,
jakon a pT&6Eb VNt gli@laigvarke | i kaekulyhedosahujevelikostip - r T
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kol ageehjgichuv ol Roe@&wi2g®d pSedev 2 (hildebmndpr ost ¢
T, etal., 1997)

Pokud tedy nedoch§g8z?2 k vawiiekmé aimi k¢ @4 g & |
vdDtgina | ® iva matrici bNDhem nDkoki &mmi nut
di fuze uplatRuj 2, j ak u makr o mierbkeekmeti , t ak
| ®| i vkeomh asgenem (naps§. me z i karboxyl ov] mi
pS2padnh ky ¢ &ikcynylachprainogk@pinamie@tamicinyWallace DG,

et al., 2003 nebociprofloxacinu(Sripriya R, et al., 2004V a z e Kapa&tamatricero
url|l i t® | ® ivo je saturabiln?2 a z8vis2 na n
Pokuddoj de pSi virobnRD | ®kov® formy k pSesyce
okamgitnN Tpohapjld krmac§ n @uv wwydg 2vto Slke nrry ortyls® k T ¢t
|l ® i va v m2st Dpolkugijeill & v & a SntNlolagemlkko val ent nD
hydrolyzovatelnowazboud o ¢ k® p ma lu®noul Rop &8 21 ugdbRorur §v § n 2
matrice(Wallace DG, et al., 2003

Kol agenn?2 It@kowsl gfeorbrha uzpTsobena (rTznln
vige zmentDelf @kakvlagenuinapk3.ychlu®mu ADadycovac:?
d § v lantiiiotikaihnedpo aplikacis v y t v o 6 e k &dneeAtracennohon§sobnh
pSevyguj2cknhnmibniilm&l Q@ rcd @ timvakecilpd 't er ®m
nNngsl| @dmatv® | RAv & n §od ¥ alagtibiotkapr od | W4 u jnimaozs t

n Nk alIn(Rkszczak Z, Friess W2003 Sripriya R, et al., 2004Gruessner U, et al.,

2001). Po d o profifl pl a z ma tkioonkcTecntt r ac 2n alppsdlivp b Re § 8 n 2
bupivakainu/Cusack SL, et al., 20).3

1.2.1 Antibiotika

Nej |l astDji poug2vanim antibiotikem v kol a
klinich®glpy akyto pS2pravky vyugit2 pSedevc
traumatologii(Ruszczak Z, Friess \W2003. V p do Iséddbnj2etvaukjBi ni ¢ k ®
studie z oblasti kardiochirurgie,k t epro®& v efektivjtu2tohoto p S 2 svt pteyenci
pooper al n@chimmar @, feteak, QB RMishra PK, etal., 204 d8l e se t e
postup peu@dpv§ Wi abeti ck® .mawittoys e( Wci kcaey ulv od
vRDt gina gent anmiycri8nbyd 84 plh apsj@0mi m 0 tingigolv ,g a k
dochkkpost upv®miRay Zm®,ivgySsuojke® | ok §1 n2 -4dkoncen
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dny po aplikaciD®!1 ka | ok8l n2ho pTsobeaeskul @r imgac?2o0\
aplikace a z8vis2 tedy na rychlostdo vymlyv
syst ®mov®ho obDhu. PSi pougit2 dostupnlch
toxi bkbohi n8§m gentamicinu (koncelhaneylge kIl e
zaznamen§8BYy s p Rmipity (Ryszczak Z, Friess \W2003. Exi stuj?2 s
zablTvaj2c2 se vyugdgit2m kolagenn2 matrice

chirurgii (Ruszczak Z, Friess W2003. ZaVz| e tempieperiodontitidyjsoup o u g2 v 8 ny

k ol aguatniceuzv o | Rhioyhexiitv. dut i nhD %stn2. KromhD bov
t2mto Y elem vyug?2v_Egn iJohkB,letaag200)5 zP8Isé¢ ajd &k @t
dostupn§ in vitro data a dat a (SrigiyaRye& Sec? ¢
al., 2004.

Dalz@? 2 mav o yepoadn a £t 2v(€mangpHiyetadl., R4 G2 ma M, e
al., 2017, Vander S, et al., 198y Kkl i ni c k ®p opurga xtiy bvyalnyk o my
I mpregnovan® kostn? alografty v kombinaci
n § h rkaydl e Ikloubth\ba n k o my ¢ i nr om/Tejteg |b8istt 2 hydr oxyar
kulilek pSi | ® bR pdSuacnhdn 2T ,p péhty bBlvrezh oa GalpTak
bylo d 0 s a gveynsoo kki ocnhc e rvankomygchuvm?2 st N bezxfpeloge v T
nefrotoxicity, kt er ® j sou spojeny s eButayodMA®@mnab vl m p
206) a kter® | asto br8n2 eskG®lmaciM,d®vtekalp§S
Vzhledemk tomu, § eyankomycin,s t ejaka dninoglykosidyn e d o s tpanetauje n N

dot k §Stetn GE, Wells EM, 200)(es y s t ®plikacegterapii nf peoper al n2 ct
ranpr ob | e neotkiSlki&. k ace s postupnim uvol Rov §1
antibiotika byla obpvdl@ii Poyghjgjghngl dlredotS
z8§vingendnnavl gi dokagerhkehabkd# ® c ekoncdntdge
pSesahuje MIC. Hodnota nejl ®pe k darapil uj 2 c?2
i nfekc?2 Staphyl oco@®yakdM,ehal,2@€08 s Ppop& uAUBY MKk G| ¢
| ®kov® f ordrhy uhbajdie & tDi®ltky&dnaerdtraceszankomycinuvr 8 n D,

bylo by mogn® neg mTsoupwstto d syst ®mov®ho pougit?
antibiotik (ceftarolinu, ZiEvadol® dun)g e& c ¢ .
pol §8mabygstv2 vankomycinu, kter®cbsekolypgani
matricejen a vwhodi®kd o sagen?2 %l i nn® kovwnmertthr avgl e nwkaut
mTge poslougit j&kmanklsye¢toaigiondsdnd’k 8 e t ak
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jako efektivn2 a bezpel n8Slalkt8d rnrt @ rai§g & uk acco
vankomycinu pSi p ekbérae bryi lcyk ®z joipcetrlarcyi  (P&d re
s o u Vv i amdihicdtiky GArmaghani SJ, et al.,201.4

RovnRDg rifampicin mTge blt zaj2?mavou mol
chirurgneokdfcihkorvean®m ter ®nusy sBWno v pr pk§zA8
antibiotick® kombinace obsahuj?2c? rifa
poststernotomikhkdmclhari nfBkei al ., 2010) i
viandomi zovan® studiiyt vienfketker?® nsgolrodj ietoad ec?h
ortopedicklich endoprot®z (Zi maveSrnlai iW teotpiea
apli kace rifampicinu ve formhD pr8gku na m
SMetal.,201B a ef ekt kol ag e nfanpicinefdviye rragp u gtplm® e

modelu traumatu sleziny (Parker SJ et al., 1999).
1.2.2[ 2 1 hanesfefka

Lok8l n2 anestetika v kolagenn2ch matric?2ct
za WYsel2égmt intenzi.Wkopbopkoahntchokbkshick’
prok8z8no ssnkbjpemdtitostiamengpot 6&p b ad2dddin po

i n g u iharr§oplasticepokudbylador Sinmp | a nk wlva@&gnatnca(?f i br i | 8r n
z e s 2 SkolagemphtentUS 20110301131A1) s bupivakainem (100 mg a 200 mg).
Bupivakain je uvol Rovgn m&stmpngiiggidea nd pI§inR a
c e | kaonve® {CBsadk &, et al., 20)2P Sgy ne k o | m@iea kbgedcthe j n §

| ®kovsg§ forma pSi meng? spotSebN bupivakair
apli kac? daw ppovoakeari anlun 2 CusagkiMyetal.,20)@ s 8y e m® Mo v ®
koncentrace bupivakainu vyeolp®m¥y bkjas dipotdo:
neurd o x i ¢ kT c(Cusak 4, metkal, 2012Cusack SL, et al., 2013 Pr Tbh Nh
syst®movich hl &adnocenykakot(evdeholy, prvn?
doch8z2 Kk uvolnhRn2 vipgamoamhnogsnyg?2 jle®|vil h
nej si lomPjegal mp?2 bol est 24 kodinan§kst! egedinpll smé2zin 1
post upwad ImRolv@|Inlewma j i dj @ $Itnh akbnedntrady m2 saplikaceo

n ej mi®motin(Cusack SL, etal., 2013 Darhoy@® md ynu gk ¢ 12 angnetrice 2

sl o k §dnestetikenep o v r cahestes@enzokainenu v o | Roakaorlangenn2 ho
bi oadhezi (@deARdvioDR, at &.n20)0
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1.2.3 Imunosupresiva

In vitro bylo popsg8§no pgrodliemgen@PoiuwahloRa@wn§
kolagenemt y pu | , kterl byl zes2SovE&n genipine
zpTsobem bykon sdtoasnmatgne2nor ychl ost i uvol Rov§gn
n8§razov®ho uvol nmndge D § 2 trautl Bon kupy. ol |BR oSN 2 s
7-28d n(€hen MC, etal.,2005Vs ou | heei®Nt §bhagé ®R dforene h

nab 81z o v i rkolagemuRuszczak Z, Friess \W2003 Wallace DG, et al., 2003R y b 2

kolagerje zat 2 m4loe Ivegma g Z & 8poureo j e d (JohR P,eet al. 20015V
pS2paddB@Pkoforbrovhy u g2 wrayjlshgevahl e lSeé menmv®hloRo v § n 2

| ®ljd >va p o tdJ e b %stahdafdizacd i n § produkiua o v D Keom2st ant n2 ¢
v | a s komgesuk2 enoh®ub Totv | i Vtndk o vkblmostmijakoj e pr TmRr n §
teplota vody, vk t e r @ i (Bakb, ¢t al., 2008
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Hypot ®zy a c2l e pr8ce
21 1 8L 4GST & LN} OSY

. Ryb?2 kol agen ze sladkovodn2ch ryb vykazuj

bovinn2ho pTvodu, PSi jeho implantaci in \
.Rychl ost rozpadu kol agenn2ch pBRDn | ze progr
. Rychlst ww&InR Kk®l aganme2ch pNDn | ze programove

pS2pravy.

22 | Nt'S LINY OSY

.Vivoj metodiky a testovs&n2 i nuan obguemilcn Ttcyh

myg2ch model ech
.Vivoj a pS2prava rTzkbthgenpnpTskadigeondheh!
.Vivoj kol apgesmhem @mBn idvioti k urlenlTch pro

.Vivoj sendvivirewleowh rp[ltmNz por ®zn2ho kol age

rozpadu a uvolnDn2 antibiotik
.ln vitro testovg§ast2mp8hpnacvkhtbhvtagpinkol e

.Experiment8§8ln2z ovhDSen? doph2hestSeb8gént kr

vivo na krys2ch model ech.
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3 Testov8§n?2 kolagenoogeni t vy

Kol agenn2 materi 8ly obecnhRNpfesuoSmakay %Xys
i mu nodézwza protojep S ¢ejithz av e ddok # inn i tceksB®thooly § m§ n rv?2
medi ehoibtestovaf ej i ch 1 munogenn? vlastnost.i

jednoznal ng8 doporuttsygméu dgatk ® i munol ogi ck®

31 ¢Salu20t yN 020AYYNK2 12t 3Sydz
V pil otjng mest pgbauwg inlni2 kol agen, ze Kkter ®ho
poug?2van® k (Gelagspon Standand,Geliga Medical, obr.)4Na tomto

z § k ljsmd fovedliv T b Ibrptd mal i z aim vitro aim avdnrefocckht e r T mi
jsmez j i ai imunologick®vlastnosi kolagenut Se b o Rs k.®lifs | kbdpNa

i muni zal n2c hittenwlbavisge cho lpoadn | a k op Ski o nsttruodl i nu?
imunoreaktivitykolagent Sebo Rs k®ho kapr a

Obr.4:GeltaSpon Standard, kolagenn? heostatick
(obr8zek zapTjlen z:

https://www.henryschein.nlAml/medisch/p/verbandmiddelen/wondverband/gelitaspon
per-5x10stuks/263649)
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V prvn? f 8zinvitebt @iseé oyadlme | munosti mul al n?
kolagenik o | a g e manio nporhnuyk lleek8cyteckeeslbzinkolagens enzi t i vn?2c
BALB/c¢c myg2. ZamRSili jsme se na schopnos
cyt ok i hATNRU dnaschopnosstimulovatb u n N |proliéetaci,t.t e st ov § n 2
b | a s transtokn@ces p | e nsoec yzt nfaH teymidimem.

3.1.1 Protokolpokusu
Zdrojs p | e nmy @ilblc,;samices t 8tSi2d6kTu,s T

P o z i kontrolyt PHA 10ug/ml,PWM lug/ml

Stimulace:c ® v (T10-S, N-S) a 3% roztokem kolagenuva py r o g e dli?l |,
1 0 al1000T S e d NWPB&

Koncentrace cytokinT byla stanovena metodc
hodi sbv@ul aci bunhDlnichklhllagenemat{ivenz Sel
a def i novam®vmp?r ops®tzangie oV ic kolbgemem.

Bl a s ttransfarr@acebyla vyhodnocenapo s b Dpmuol i f ebrunji®kd8 c h
hodi nov®m

pulsu®H thymidinem.

312+éeaf SR @&

Stimulaces p | e nroztokytSE d N b ® k © nkoldgénonevedlakg § dni®r az n ®

t vos bdd o wart Todlt-1nbT, N F,thdr o zatl 3timulaces p | e nvaaky t T

c ® kdejsmezaznamenam2 r n® zvi gen2? tvorby obou proz
16, t alk. TRNrFo laktifita mahohukl e8§rn2ch | eukocyt ]

ovliivnhDna.
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32 ¢Sai20tyN AYdzy23SyyNOK @fl ai
kolagenu

Ke sl esdps8@®mov ® jsmal pvoliv Ddnoni t or ov8n?2 hl adi
cytokinTi mplsa®rteccvhanT ch myg2. D8§le jsme sl
i mpl antovanlch stvi2rBuwltqgv aktierkdo njvsermg n 2 mi p o
(PWM, LPS) a gely pSkpp#8&¥%hor2kiool aignbpol vai nntng2tt
stimulaci (24 a72 hodinpvitroby | a st an ov e n asupefnaahtedhubiur c y t o k i
metodou ELISA.

Kesl edov 8§n? muwndieszwdyhllpw ybr 88yl eduj 2 die cyt ol
QingsongYe,2013)

L-1b. -OUNFbPNO0Oz8&nNRNtliv® cytokiny, pamodukov
pSedev g2 IfEN-chmolaodbi Tty | i wrroldid f i k a ¢ %kdlagensIPNEon D n 2 m
je k1 2] orvelgnu | &ft aogr oecmykolageny ma k r o fighg py S2t omnost

mi kr oprkod taledpd akorel§esplS 2 | n evuetnrerpfeselndutrofily
jezn8ms§ redldeean ké¢l agnean e i 81 .

IL-10. Protiz§gnitkll2|lvdvicyproki negul aci expres
(MMPs) ajejichi n hi bi t o(ktadrazat &l.MIR35;. Sternlicht and Werb, 2001)-
10 je v rearkactiernia§lcimroodako o MBRg Inaka yotf iSigy .

IL-13 Cytokink | 2 |vo vall e rzg8 nciti®owutremakcinac i m&t esrp o8lv2 v §
aktivacima k r okff g Tnogvi ra2n tbiucnkyikg B s | e>xdmMiLmMOgt 2 m
jepot | &hey aaegradake&olagenu.

321t NP G217 2 fY dzyAif RIpdENO K A
Studie byly provsg§diDny na myg?m model u. M

i mpl aptoadk®myoBi |bovinmna n 1B o@yp)kolagep, 8,5 cnt, 1i
1,1 mg.

Implantacd ( s | e deaktigtyb?o v i rkolagdn:2 skupiny(K, BOV)i 7my g2 v e
skupini
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- Implantacdl ( p o r obvan\ginraik & p &élagenu):3 skupiny(K, BOV, CYP)i 7
my gés kupi nh

Su b k u impBlantacenad o r zs8tl rmitgipulp S2 pao mesraa pole 2 dnpp Se d

I mp | apnot nakice?® (Weet), anesteziel,5% isofluranM? simmantaceo z nal en o
| i g aKliperh@mallTitanium)p $miplantacil, v n i t sehetr(Rrolens-0, Ethicon)

p Smplantacill. (Obr.5.)

Obr.5:GeltaSpon Standarnb,stldliakenm2utbe | ka z bo

Od b Ibyly provedeny u Implantace | a ll: 3., 8., 10., 15., 22. a 29. den po implantaci.
V den wsimMecena 1 myy a kdgb®SsaupkB8R z ok
hi stologick®&nmuzpaBRK®Ry ze k2, esxtp emuil naevitng2gm

S ®r um.

Sl ezhwmRI®Y k ub ewv Banyd tmi mu (P®M,dPSygel Bov agel Cyp i

gelyp Si p rzkolagenuy r | e ki@ prantaci,100ug/mH20).V supernatantegpo

72h o di stiuvl@®@ibun&ks)®r unBgl adnhN sl edoyBnanipSk t
cytokinT.

322LYdzy 23Sy Yy N Ot bva d ¢/ Sriplindace] 2f + ISy dz
Observace poMygnl popzekSatlinD kontrol ov§gn
dennhD.dn@d bx.z viditelnlch zmhRn v chov§gn?2,
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tlak v m2stdden mplmywgiacze dAkupiny CYP, 2 ze
skupiny m2rn® zng&Kyab 8 nokgabeMezgk di t el n®h ¢
otoku).8. denreakcev 0 k o I1§2nmy p2d ez n ®mEEPp at Adnddnv gec hna

z v 2 Seaztna§ meakcer § phajenan Nk z & B Seavtnal j sgt2echnT .

Ob r 869dIkplantace )P r T mBladm& y t o (bg/mi)Jsupernatantedhn vitro
stimul esypdrehomopltdant(oBrGW)T cdh kontrol n2ch (K)
metodou ELISA (enzyménked immunosorbentassag).d b Dr y 3. A298den, 10.
po i mplantacisplKardmydyyyTi mykdgBboaba RriiyMI 1640
mediubezs t i mu (K.ghteograukontrola) s pokeweednitogenem(PWMp o zi t i v n 2

kontrola), s bovinn2m a kapS$2m gelem (gBOV
odst SedhNDny a supernatantkorkawdrnturrade | gy tpokiig
zj i otigmy fi kantn?2 rozdz21ly.

L= ]
4,5
4
3 35
N
£
>
< 25
N3 BOV/gel BO
- 2 \ 100BOV/PWM
15 BOV/K
K/gel BOV
3dny y R wnk 100K IPA/M
HHF -
HHRYN

EK/K ®mK/PWM KinalROV 100 B v ®pAvipwn, BOV/geBOV100

Obr. 6 Pr T mIhtadirg c y t o (pg/mm) ¥ supernatantechin vitro st i mul ovanl ¢
spl eniontpyltaln t(oBvaaVn)T cah kontrol n2ch (K) skupin
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IFN-

250
x
b 200
E
©
> 150
- BOV/gel BOV 1(
- 100 BOV/PWM
-~ BOV/K
* \
K/gelBOV100
3dny lge 0

y R :
mn F HHE )
Ho{F

EK/K ®EK/PWWM K/gelBOV100 mBOV/K mBOV/PWN BOV/geBOV100

Obr. 7P r T mIhtadirg@ c y t o (pd/m) ¥ supernatantechin vitro st i mul ovanl ¢
s pl e niontpyl taln t(oBvavn)T cah kontrol n2ch (K) skupin

TNFh

0 //
e
BOV/gel BOV 1!

15 —— BOV/PWM
— BOV/K

10 \ K/nalROVINN

K/K
3dny /

{ G A Y drfdéx

R .
y HHF

EK/K ®K/PWM K/gelBOV100 mBOV/K mBOV/PWN BOV/geBOV100

Obr. 8P r T mihtadirg& c y t o (pd/mm) T supernatantechin vitro st i mul ovanT ¢
spl eniontpyltaln t(oBvaaVn)T cah kontrol n2ch (K) skupin
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IL-10

é 40

|

o

>~ 30

=< BOV/gel BOV 1l

w5 BOV/PWM

20 \ o
K/gelBOV100
3dny y R )

HHF HF

EK/K EK/PWM mK/gelBOVIOO ®EBOV/K EBOV/PWM BOV/geBOV100

Obr. 9P r T mIhtadirg& c y t o (pg/mm) ¥ supernatantechin vitro st i mul ovanT ¢
spl eniontpyltaln t(oBvaaVn)T cah kontrol n2ch (K) skupin
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Obr 8§eld (Implantacel): Pr T mbladm& y t o (bg/mi)\f supernatantecim

vitros t i mu |l sy & e hiordepyltaln t(oBvGavh Tac hCYP) a skuginnt r ol n
stanoven8§8 met o dlmkediBrhundSckbeti e B 2y ne OdbDry 3.,
A 29. den po iIimplantaci. Kul t ustlyo hmyage mc@®m s
RP MI 1640 mediu bez stimul8toru (K, negat
lipolysacharidem (PWM, LPSpozi tivn?2 kontroly) a s bovi
BOV,gelCYP)Po hodinov® inkubaci byly kultury o
pougity ke sd¢yumnohkebyiyE | h s Bymy Vriokarktl ry2

[L-m ]
m K/K = K/PWM KILPS ® K/gelBOV = K/gelCYP
| ] | ] | ]
BOV/K BOV/PWN BOVILP BOV/gelBO\ BOV/gelCYI
—~—— s B ~vpnp L et
18 Bov/PWN
16
K/PWM K/IPWM
12
Cyp/PWI\/
10
Cyp/PWN Cyp/PWN Bov/LP!
g i / CYP/LF
Cyp/LP K/PWM Cyp/PWl\/
6 . CYPILF
KILpe K/LPS
4 K/LP‘
2 o | I
NERNARNARNARNY NNONACHANUANANS NURRNCRUARAARDE NNCAACARRAOAAAE MMM
3dny y R mp F HHF HoF

Obr.10P r T mBladn&c y t o(ggimhVv[supernatantecmvitros t i mu | o vanl ch
spl eniontpyltaln t(BOVa @YPr&ont rol n2ch (K) skupin s
ELISA
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z

{ 4 A Y dirfdéx

{ A Y diridéx

TNFh
m K/K u K/PWM B ILPS mK/gelBOV ~ mK/gelCYP

| ] | ] | ]
o BOVI BOV/PWN BOVILPS BOV/gelBO\  BOV/gelCYI
~— s B vpin ps L U et e

45
40

35
30
2

(&)]

2

o

1

al

1

o

3dny yI1 I Mp F HHF HoF
Obr.11P r T mibladngc y t o\ksuperijatantecmvitros t i mul spheahobyt T

(2}

[FNH
m K/K B K/PWM mLpS ®K/gelBOV  mK/gelCYP
]
BOV/k " BoviPWM BOVI/LPS BOV/geBOV BOV/geICYI
A~ - u AN I A VDl DQ ~ s~ —~ AN e
450
400
350
300
250
200
150
100 I
m__
=N
3dny mp F HHEF HoF

Obr. 12P r T mibladngc y t o\ksuperijatantecmvitros t i mul sphehobyt T
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11N
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{ 4 A Y dirfdéx

100
80
60
40
20

0

IL-10

B K/K B K/PWM K/LPS B K/gelBOV mK/gelCYP

| | | |
BOV/F BOV/PWN BOV/LP BOV/geBOV BOV/gelCYl
| |

~ s - ~ -1 - ~ s~ _~ -

‘ |‘ || a | “ |I ‘ |I___|| i
*

3dny mp F HHF HoF

IL-13

B K/K B K/PWM K/ILPS H K/gelBOV mK/gelCYP

| | | ||
BOV/k BOV/PWN BOV/LP BOV/geBOV BOV/gelCYI
| | | |

A~ s P S TN A~ ~ -~ -~ ~ -~ ~ -

CYP/PWN

160/ 1 pyyiv

BOV/PWI CYP/PWN
CYP/PWI BOV/PWN
cyp/Pwi/PWV
KIPWM
BOVIPWN [\ o ‘
BOV/PWN

K/PWM i BOV/PWN l

3dny y R mp F H H HoF

Obr.13: M2 rs1t8i mul aae bloa{gj)elériwﬁsnkupi R deCy p

Obr.14P r T mibladngc y t oksuperifatantecmvitros t i mul sphehobyt T
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HI adiny cytokinT v s®rech a v supernatant e

Prov g e c $1lng d ocytakimy® | adt ehebyly pr o k §zI§nryarmnz®dve | y
stimulacimy g s @H e nmeziyskupinou sbovi ninlAprmt and Bbathr ol n?2
skupinou. Stimulaceb un Betyz b ovi nn2ch i mpl ant 8t T vedl
IL-1b v supernatantech implameé oy pRe®B,Uukiomd r o
i mp | a nhbylastinaulac® T z n a mn 13T 2erdng@ Nreakce.v ®

Zv T ghtadihpr oal er gl3nmeby@rhaomD &.¢ & dskupiny.

323t NP (21 2t Wdz/an BpiyENO K A

Studien av aznajpd ¢ @antviird pokusys b o v i rkoldgenema na in vivo
experimentys b o vik a p BdagenemC 2 | lylmsledovat o k 84 W$t ®mo v o u

i mu nreakcim&implantacb ovi alnd m®2 ho kol amdelnu na my g2 m

Z Vv 2 Sedel?

Pro studii byly v y b r Baib/gOlai n b r rayd gisdmice(AnLah L e s lef@iblika).

Osmi T d emynd®yly r o z d I12ld te $sBupinpo 14 (kontrola- C,c ®vinmMp | ant §'t
i mpr egmbowa mkbiganemi BOV, d @wr 2d mip§ te g k@& Im
kolageneni CYP).

| mpl ant §t

Lt v e (05K ®@5km,ccal7mg)zc ® w20t @py egbhoviane®sk mp S2 m
kolagenem.

Implantace] a s p ¥ T bdRusu

Denp Se thp | amd satc BsstmihnSb 2\ A)Sdaet p ik Ir adlfepty

Anestezig1.5 % isofluran,inhalace)dezinfekcgBetadine)

Bovinn2 a kapS2 implantg§ty um2sthDny do po
C (komtyrgal)n2absol vovala stejnou operal n?z

Prolen50 ( Et hi c o jahog brgakerBlpou gi t
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Poimplantacibyly my @lie nsnlRe d vz §nidylh & vriEen@ h u t neanksrt ovs?’k, o pi ¢ k
z n § nzk8nvht2usimplantace)S e d @l t r nd@rpo implantacibyla polovina

z v 2 ZXaat §skwpinyusmrcenak dal g2bylam&s [ @ ada b wvAriyyze

sleziny,t k 8 Rmimplantacea s ®r u m.

| munol @amalclkABa

. Koncentracec y t o k/isop€rnatantect8 d e nnB e h D | kultur iz my g2 c h
mononukl e8§rn2ch |l eukocytT izolovanlch ze
stimulaci.ELISA(Duoset, ROBystems, USA)

. Bl a s transtokm@ceny g 3 @ h e npostiypuiadi.
. Koncentrace y t oksi @r e @ b u smmyl gEHSA(DuosetRD SystemsJSA)

.Kvanti aaalmRNA (pro vy br eytokhy) i z ol ozvtakn§&nm2 st a

implantace.

(gPCR)

Vzhl edem k tomu, ¢el asmpd apnrtoavceek wji eo nea& rel¥ti l8il
jsmesenst anoven2 imunologicklich parametr T z§&
ng§s pSedevigmmn lr makiedks®& u pmyng’k ap $2mp |l ant §t em
versusskupiny z v 2 Beait mp| aastb®tvi nn2m i mpl ant §t em. Vv
sl edovali syst®movou o dlpbdINLDO,(lIs-13aTNB-¥en2 ¢
alFN-o spoj esalkawliz8h Nt ¢ d vowddid ¥ ) s ®avsupdrnatantech

s p| e n(osctya rifoyvbernatnyl tcohposkyttjez § k | arientaéip iosuz ov §n 2
reaktivity organi s mgQingsang YenPOLBongtEQM&Rali mat e

F. 2019. D&lnee testoval. bl astickou transform
jednot | i vT chs psoknutp® stingadiv,y ba atnd mi st i mul §t or

Vdalagaljsmegsezammalidk 8dpdweDK &niok mp? a@PCR)t u
Protento¥s] jed me ke sl edov8n2 reaktai pirtox i zBRamO I
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mar ker T, (6TINFOaTGFb ) n Nk tcleemaRiny- MCP1(CCL2) aM| P 1 U
(CCL3).

324+ & af IS9P @S RISyaeiGK

TNF-a serum IL-10 serum IL-4 serum
250 4 7d 14d 150 4 7d 14d 50, 7d 14d
200 A P=.017 a0 - P=.031
€150 {1 F <1901 w T € 30 A
5 i % 1B Eol] i
100 % i 20 - [
50 - 10 - |
0 ———1— 0 - —— 0
ch;x\%ox\ G’S %2? %0\\ (38 qﬁ@q}o\\ sz C’Qs;&\%o\\ (}Q qts’"@%& C"Q .—.;Z*"s}%o\\ C*Q
Obr. 15: PrTmDrng8 hl adxmar icme otk& InA72 ¢ Ip gg knd P
CYP) a &&lompiroynéSHAM) stanovdmk& met odou EL

i mmunosor bent asosmegl) 174 ddnslqupceidelimEan®aci.
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SHAM - TNF-a
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Obr . 16:

(gl ut ®
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Pr TmDr n8§
spl eniompyltalnt ovanT ch
metodou ELISA (enzyrlei nked i

medi u
pozitivn?
i mpl ant 8t em

BOV CYp
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stimulation inde:(
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SHAM - cell proliferation BOV - cell proliferation CYP — cell proliferation
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Obr. 17. BunDlIn8§ proliferace in vitro stir
CYP)ak ontrol n2ch ( SHAM)s tsiknuwpli an|l ns?2t ainnodveexn 87 | dan
sl oupce) asloupte)dorimplaritagkl wltt®ur y myg2ch splenoc
inkubov8&ny 48 hodil4W aneah aic dre@m sRRPMIul 8t o

kontrola), s pokewe e dkontmdla), &mpemnzenm a PKMMVD S 2pro z |
gelem (gBOV, gCYP) a s boviircn?Pm .a PloapS?2prdii
18 hodin®*H-t hy mi di ne (37 kBqg); inkor pyofocgtg e znal

byl a mRDSemnuatlketean. VIisl edek | eipvoyml®nd Scepn | a
(count per minute) stimulovanlch bunhRk k r
skupinyCYRB sti mul aci CYP gelem byla 14. den vl
skupinou BOV stimulovanou B@&em(P=0,0031)ne b o kontr ol n2z skupi
stimulovanolCYP géem(P=0,041).
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Obr. 18: RNA (relativn?2 mnogstv2, RQ) ve t
z2skn®mr mali zovanlch dat genov® exprese. RQ
i ml ant cskampl mia mi (BOV, CYPBEHaMkonProl kagskhk!
skupinu je RQ jdkopd nTom Syl .idatdieuilaSr a | a

v 1 z n @oklasCCL3u CYP skupiny4.den.

VgechwaPmzt8ak r ok p r o o pBrejevilag § d n ®§ ndyskomfortu.
AnalJylr acny@hook i spekira® & ® r & \csapernatanteckultur metodou
ELISAneuk Baaltjgdn® statisticky viznamn® odchy
cytok#HmT-13llalFNo byl y v el mi n2zk®o, mnoho vzo
detek| n2m | i midy.¥en vge&bbn®S bt byl a na z§8kl
m2ra z8nNhDtliv® odpovDiDdi telednaobouinthpElkd&nt &toTy

testovanich zv2Sat.

~

Ni cm®&nnD porovng8§n?2m viIisledkT v obou i mpl
n § s | eodanyjlky:datliny IL-4, IL-10and TNFU v s ®r ech myg2 s kap
mRNDly v | ase kldeaj dbyd yteandgrAcine@l &.. den) .

i mpl ant 8ty tent o poiktérvalgz avzen aznveonl 8enn ®ne bl yals.o v

Test bl astmake® dplaemsdoyt T umogni l porovna
i zolovahleeah nzegech t S2 skupiimvitrasytgi2mu | Kouvl § nuyr
PWM (pozitiwmovikoAmral aklapS2m kol agenem. E
statistickyr m&dol y$pgha wmoj@ycBipdmy g2 ;rvnylly g 2

pr ol i akdvituarly kZastuij rhu li mevsatni®msplermaytgza Skupinymy ¢ 2

bovi hmpmant 8t em.

KvantiamalnmRNAV zortkB@ATR)odr § @ 8 | | nooku&xpresi

vy br amyl tch@NRUTIL-6, IL-10a TGF-b MCP1aMI P 1NJi) ¢ m@&nnhna

| 0 k &Ir o fiebyly zachycenyy § d\n1®z n ar nonz@inez skupinami.St at i st i ck
analulkBavd |lza apokledCCL3u CYP skupinyden.

3.25%t &S NJ

Podkogn2 implant8ty c®vn2ch pr at @z gibBSer egr
tol eriom@ingnz wyvami€apuzen?2 rn® zBBMKkuwlp 1480 Er 1
odezNawg sl ledkgs psohduet kigti gsou® a mND avd yw k u m
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protizgwiNas$ kmd = g% repargbSTbhanF etal, 2017),n i ¢ mk®n N

pr Tkpazou i z §eNe ki uGMamepu§sohtoSeba dal Ggtudiedet ai l
Vr §meclivoj e kol agennz2byhleomofsdvimAd cw®g B h 2

akreditovan® | aboratoSi potvrzeno, ge z2:

mnogstv2 endotoxinu.

4 Test ov 8ns2t Sdeobb8v §n2 kol agenu

4.1 Protokol pokusu
Soul §st 2 pr§ce bylo zja gpPpn2 zystBeHBEYEN?

i mpl antovan®ho kolagenu | sme Tzevsotl i 4 p oll28vsa|
zagit?2 | 8sti ko ltiddBeumdopodrdr 2o therzuyd no?2 vseplold nkyo su
ur | iltal scohintereatechd., 10.,15.den,3.a6.mN skylgmy gismrcenyaoblast

hr ud b fryygs implantovanou 8 skto?l a gce®wvimizo tbflayd e s ha8 n a

hi st olvoygjiectR9® p ® uygliSisct®vn2 ch kptag®nem bovinr
porovns8vali jekomagdabusrpsot lactgpyolageermmn kc h ¢
t SeboRs k ®hls 2 I§a p8amniit vy phgjednustranuh r u sl th Avpravo)

byli mp | a mtadvdofekc ® vprr 2aytz ® y b Rolagenuypu 1 anadruhoustranu

hr usdt Avieyo)b y | I mpl ant vzorgkmprot&yosn tbrooviinfPn2 m kol a
(Obr.: 1920).
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Obr. 19.: I mplantace | 8§ ptodklodl?agdannzhah dn®\
my g i
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Obr.20 : | mpl antace | 8st 2 kollaagbeonrnatcohr nc2@von 2pcol

42 aA 1 NRA&] 2 LAIRS IIVIYSN &Yl G NKR OS

Pougitl mbéoeiin&P aylryb2 kol agen, kterT
neodligitelNilcm@ntr .ko2hgen je dobSe det e
hi stopatol ogi ckT mi btae ohemzikuadede lelagikdi),jepou gi t
poziphi Vkhdkzagenemijfasnnh

A WA T Y Y A B X
Obr. 21.: SamostatnihD zpracovan® vzorky v
bovinn2 aBapy afstiusggselhstikou);z v Nt gbjektivLOx.
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43 aA T NRP&A]12LIAO1LS ytriSTle AYLXIyidz
4.3.1 Skupinal.L Y LJ | yai2 @i WBadIpgEn, 3den.

Logi ska jsou v pSipravenich Akaps&chid, v
r eakc et ®kkontol(dbr. 22& 22b).

'.‘ . A 5
B ‘) S A%

|l agenu; 3. den. 1

22a. Implantac.e k o
okolmrjin&g z8&8nNDtlivs8§ reakce. V lev® | 8sti
el astikou; zvDtgen2: objektiv 10x.

{1 LRI
ryb2ho

22b. I‘mplntc'e‘b0|nn kol agenu; 3. der
a nepragzrinduum kol agenu s VvS2odkkdIn? p(olje rvveem I3 et
vievo). BaelvVesti HEu; zvDtgen2: objektiv 1C
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Skupina2.l mp | an to®@w a miry &otagen,10.den.

Logi ska jsou v pSipravenich Akaps&chid, v
reakce, p/]elRt@®mbBBnut§ kogn2 jizva. Z8&nDtl|
materi §lI nen?2 reakber(abv kO DtuniDihmiBant 8t T j e v
stehT, | 8§st se nedaS382 digdjivenc ess twgl2mi pravdrl

S

b i 'l'::_t

23a. I mplanthageboyi h62 hdeko Ve vzorku je

gi pkami koad algemiuslso S2dkTm pojivem se z8&nDt

| arou). Gl ut Bt § 8Rownbad reed ietastikedz v Nt g e n 2
objektivl10x.
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23b.l mpl antace bovinn2ho kolagenu; 10. den.
barveno Srekdyl ®p e vyni kne i zvabektiB@). ven?2 Srel b6 2

23c.Vpravovdetailukolagenzl o g ( BRaSrédne¢ Nt gen40x). obj ekt i v

Skupina3.] mp | anb ov &an h Kolagen, 15ddn?

L o ¢ iasekkaenan IBoupraktickys t ejgkov@ p Se d ¢ h o z218. tink(obr.
24, 0br 25). Identifikacei mp | amiz 8 Tobt 2 gn §.

24a. Implantace ryb2hohkahialgen®;j d5L odieskoc
v okol 2z §jindtedi@aVrE rl 8viek 0 g n Schlkpy.Bta r vHE R 2
elastikou;z v Nt apjektivzLOx.
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24b.Implantace y b Rolagenu;15.den.Detaill o g kotaggeauB a r vSeeh 2
z v I toljektivA0x.

25.Implantaceb o v i rkalagydmugl5s. den.

25a. Vlievo v centru je jizva a ve spodinhi

25b. Vpravo jsou rmBazivkewnzv Bodedkg@ddx.u (i pky)
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Skupina4.l mp | anb ov ian i kofagen, 3mNs 2 ¢ .

Logi ska kolagenu se nedaS2 nal ®zt, a to i
l dentifs&ovia®n?2 jizvy a stehy, kter® mbhDly
pouze ro0z33%Skk®hovrdijviav a. jistdted, zda serkolagéno d n o u

vst Sebal nebo zdan esbey bpapdS¥ngindezen. t ol i k, ¢e

26a. VlIievo: I mplantace bovinn2ho kol agenu;

S2 dk ®kaagepnieviod,e nt i f i k o \el@stikou;zBvalYtvgeenm?2H Eo bsj e k t i
26b. Vpravo: I mplantace ryb2ho kolagenu; =2

p Se dp ok kofageauN&vhzajeS 2 ddji® avpravok o § n 2Kolageny t
nei dentBdri kendastikbkz v Dt apjekniLOx.

Skupina5.| mpl anbovianidb?2akomlasgemn., 6.

L o § ikeldgenusen e dm &2 ®taitp,S®§ @ r 0 k rb§ly ccente® d azorky
(obr.27).Rozvahad Tv ¢ged t ejagkov® Sedcstlkapd mDsdce3d3po i mpl a
Uv z o B&6MN s painiplantacin e mT gveymeo @ & © dkékoo mp Iresdrpai?
kolagenugjakoreziduumz Tst §v§ patroggpben® HSoddkgovs t
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27. Irhplantaceb ovi rkda@dmu: 6mD S 2'.-0 VIeVOJéZuiva, kolagen
nei dentBdri ki@adastikouz v Dt g e n 210x. 7b\Npeavos i & ) n ®
m2 svb a r \Seelkkéel ® pyeiknev a z i jizva.v §

44 { KNY dzi N 0Saididz NBa2NpbOS (12t 3S

Tento test vstSeb8v8&n2 prok8zalkolagegea j egt I
i mpl ant ov@nm®2zlygrsadatil@® wug ve f8&8z2 odbour 8§8vgn:
odbour 8r8vd T plketeenffoldceongy koreluje s vige
odbour §n2 vNRDtginy -dldangeem u Jdeo csheddiikugekzoid a3,

nezaSadili histol o6i tk @npaytgrietodietoczh yvb nr@nmeume z
krokud o gvidd[ s | &d By § gs2thuopn s 2 foeyE®y b2 m kol agen
kde jsme pSedpokl|l 8§dali del g2 dobuygdb8ansgyv
z 10. a 15. dne po implantaci kde, V 0Kkc

reparraakceakolagerj e odbour 8n mini m8I nnD.

5 OvNSen2gtekhabl mognost?2 viroby
ryb2ho kol agenuilkdlaadakywoid®dl?ichs
s antibiotiky

51 Nt GNK af 20SyN | LInNLINATBE 1 2f€ | :
Vr §npcSie d b B ekiopdha g elny o fl islyic 2 @rfitiotikybylop Si pr aveno
ahodnocen@7t y mht er i 81 sekonh ¢ @R i addisperze(@®1, C2),
pougitlm ajnme togentainiing m,n f raztok 80mg/80ml, B Braun,
Gentamicins u | $igna, GEN),vankomyci n ( My | amtrofurantdil) a d
(NF), a prvotn2-30ta8®! ¢gdapfigwz ozjaknBdenjTamizJako
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kontvzaokymé s | &kwd ialgleynofvi@@laChezy T B

Garamycin Schwamf( E U

hodnocena pom

bot rafih tHegradacd N h 24m48h o d i expozi®@v d e i o nivog@!dh ®

SA

0OC?2

AQv5%CO2at mosf ®Se

Zamezen?:

apod.

a

Phar ma

skenovac?

Ssimul uj 2c?

(

UK)

el

\

a

Li miztoe &)T.

ektronov® mi

Nhm&nprosdPe
nepSeanosg§iz2 vhélvempreci pitace
M2 r aD) hyla gtanavdnaakeO=(fv 01 w ¢)/w 0*100 [%], kde WO je

p T v ohthatRostvzorku, Wt je hmotnosts u ¢ h(Blhyoof i | i zovan®ho)
m2 r a Ebwpjaka'@ nFfwi (6 w 0)/w 0*100 [%], kdeWojep Tv o d n 2

s u ¢ hv@ohko,Wswje hmotnosmo k r ®hop o zloo ke n 2 .

C1¢ GENTAMICINaL32 dzR 2 B N yiyg.fotokus genta) KOL+FYZKOL/GEN
5AZLISNG § 123 B.BRAUN KOLAGEN|GENTA DISPERZE KOMPOZIT
roztokem gentamicinu  1mg/li[ml] [mg] [mg] [Yohm] [%6hm]
B.BRAUN
32,5 125 32,5 0,383 68/32
C1- VANKO+NITRO KOL+ED [KOL/GEN
VODA KOLAGEN|ATB DISPERZE KOMPOZIT
Disperzekolagenus demivodo
eIy il [mgl  |mg] [shm]  [ohm]
32,5 125 100 0,383 55,6/44,4
C2¢ GENTAMICINaL)2 dzGBNT BigmaAldrich*) KOL+FYZKOL/GEN
VODA [KOLAGEN [GENTA DISPERZE KOMPOZIT
Di kol demi vod
Gl;ﬁlef‘rr/zg;elGoMaAgenus emi vodou a[ml] [mg] [mg] [%hm] [%hm]
16,25 |125 32,5 0,763 68/32
C2- VANKO+NITRO KOL+ED KOL/GEN
VODA [KOLAGEN |ATB DISPERZE KOMPOZIT|
E;?ir%eklzgggrys demi vodou a [mi] [mg] [mg] [%hm] [%hm]
16,25 |125 100 0,763 55,6/44,4
Tab.1.Mat eris§logeg®@? i | i z8t T.
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C1GEN-80 C1VAN-80 CINF-80

C1GEN-30 C1VAN-30 CINF-30
- -
___.-—"'"-’
Obr.28Uk8zka | yofiliz8tT s gentamicinem (GEN

nitrofurantoinem (NF3k onc e k b I a g disperzeC®,z a mr a g e8dac h n a
80AC.

™

C1(~0.5wt% COL/H.0)  C2 (~1 wt% COL/H,0)
W' . ". - W ) e ¥ :

-30 °C

-80 °C

Obr.SEM sn2mky |ltyS typT Ilyofiliz8&8tT s gen
kol agenoy@pdis p & ezadkreuhlany satC1,5%a C2: 1%), mag.
100x.
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-30°C

-80 °C

Obr.DSEM sn2mky |tyS typT |yofiliz&tT s van
kol agenoy@pdis p & ezadkreutleny satC10,5%a C2: 1%), mag.
100x.

C1 (~0.5 wt% COL/H,0) C2 (~1 wt% COL/H,0)

e g

-80 °C

s

tyS typT lyofiliz8&8tT s nit
kol age nemgs@updios p S ezadkreuthlengna G1: 0,5%a C2: 1%), mag.
100x.

Obr.31SEM sn2 mky |
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-80 °C

Obr.32SEM sn2mky |tyS typT lyofiliz8tT bez
disperze jsou pie S e h | eadkmoohtemya C1: 0,5%a C2: 1%), mag. 100x.

GARAMYCIN

Obr.33SEMs n 2 f&amycinumag.100x.
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120

100

Ep

&l

40

20

SWELLING RATIO [%] sKHoirS  WAB ol

_-'i=I:-|l_-' _'-l'-|='l‘I|'

CIGEN-30  C2GEN-30 CLGEN-BD C2GEN-80 El\.fAN 30 CIVAN-IR  CIVAN-B0  C2VAN-20 CINF-20 CINF-30 CINF-ED CENF-ED C1Co-30 CrCoL-30 ClCOLE0  C20OL-E0 GAR

MASS LOSS [%] e da i

IR

CIGEN-30 CXGEN-30  CIGEM-B0 C2GEM-B0  CIVAN-30 CIVAN-30  CIVAN-BD C2VAN-A0 CIMNF-30 CINF-30 CINF-820 CINF-BD C1C0A-30  C2COL-30  CIC00L-A0  C2COL-E0

Obr.34M2 ha@at mBmdt nasyanky | yzonaaei(@@li T meti ckl
pr T ntDmns3).

52 P RNRO Y FyEFterll FeiAltf yNOK
f @2 F Adntlootikyi & &

V dal g2zm kroku byla provedena podrobnhj g?2
prvn2chexl®doidc e u vybirbgpbeh! inagteTr i §1 Tkonc
zamr agemloc hACna s e ATBgakakontrotay @ § | wzarékkolagenu

p Si p rz&keneentfac&C2bezATB ao p BdramycinObaparametrybylys | edov § ny
po3,6,9al2hodi rnEgpodicebyla provedenazast ej md ¢ mm2tedye « ,
deionizovan® vodnD2ptSmo s3f7®SeC sa mul %2 €O t NI
mi nuls®rawn smeem32 Mma dPt pdvedij e S Bplt ebhl edRuj e
m? rdegradaces z o ™MR T.aa nas8knut 2 nebyla tedy star
vzorku na zal 8t k uv zetxaidedmoaoste tt a h ® la bvedvame®t la u
per ioaddMrdi§!| . z

M2 r &t h®n2 nezohl eBsWipkoDc & id ®ugyo)/caod1a0d%], kde
WOj e p Thvnoodtnr?Po st s u\Wsw®@ hnootnastmo K k ®ho vzor ku po
M2 rbeo t nz8onh2l e dd&yaflati(EswD) jako O D=(®{ 0 & D)/¢w D*100 [%)],
kde WD je hmotnosts u ¢ h(®hyoo f i | ivzokwpa In @ @&sw fe hmotnost
mo k r ®hkzaku po | o u g ewt?r.degradace (D) byla stanovena jako
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O=(w 01 w )/ 0*100[%], kdeWo jep T v ohdchatrfost/zorku, Wt je hmotnoss u ¢ h ® h o
(1 yof il ivorauwpa no@hgoe)n 2 .

SWELLING RATIO [%] 3 56 ®9 W12 W24 W48 HOURS
2500
2000 I \ l J '
1500 .
1 1

1000 . l o

TEA . - :
500 I J 1 " i

5 -

C2GEN-80 C2VAN-80 C2NF-80 C2COoL-80 GAR

-500

Obr.35 M2 rbao t nnSen2o h | eddgfadacia o & |1 y z onvaatnelreih§ | T
intervalu 3-48 hodin ( ar i t me T nSDn3).

SWELLING RATIO [%)] 3 06 WO m12 E24 W48 HOURS
12000
10000
8000 T
6000
4000 ‘ i i - « ; -
U ckmm 1 . L
2000 | - . g - t oL i :
&
]
C2GEN-80 C2VAN-80 C2NF-80 C2C0L-80 GAR

Obr.36 M2 rmot nBmi?| e ddBguapeci@a a |l y z onvaatnelreih§ | T
intervalu 3-48 hodin( ar i t me T nSD%3).

MASS LOSS [%] 3 6 9 mi2 m24 WABHOURS
120
100 =
80 =1 [
= [
40 —E 1 -
20 . :
D 1
C2GEN-80 C2VAN-80 C2NF-80 C2C0L-80 GAR

Obr.37Hmot ntbyak gl y z onad relvintgnialli3-48 hodin
(arit me  NBDME3I).
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12000

10000

8000

6000

4000

2000

6 OPTIMALIZACE DOBY DEGRADACE
KOLAGENOVHhCH LYOFI LI ZCTS$ DO
ZESCTnNnNCM

Vzhl edem Kk relativnhi rychl ® degradaci [

(koncentrace C2) bypost up pS2pravy ds§l e modi fi kov

zes2Sovsg&n2 kol agen bywo® osilgahdmi. cl kikncildeBesl2 t Nn 2

dimethylaminopropybN-ethylkarbodiimidu hydrochloridu (Sigma, EDC) a N

hydroxysukcinimidu (Sigma, NHS).8®qAGomog

hodiny) a lyofilizaci je stabilitatedyz v T gne8nl ae w roztoku95 % hmotn.ethanolu

avodysEDC/NHS( 4/ 1 hmotnostnhRD) pSi -80ENL) DED 37 A

80-EN3) nebo 6 hodifC2-80EN6) . Na 1 g kol agenu pSipad§

kol agenov® sl ogRy o meylVoNe2HROs podobua p 1@ 126 R

minutad § premytaa | e S@nonRtvd e s t iVl codvi®, N ® a ABrOa gheOn & 5n ah o d |

a |lyofilizov8na. M2ra zes?2thotndHryd aa athagly
bNDhem 48 hodin expozice v degdtomdgio@m@Bin® ¥od
t Dipm2ostnSpd2 OpNt byl proveden pSepolet, k-

vzorMT.a nas8knut? nebyla tedy stanovena Kk
experimentu, ale byla z t a Kedmadnostis u ¢ hv@dtkavd a rp@ r ioaddMr u .
Dos a¢hednd®jsoun2 §e ov 8e§ g g doposudanal yzovanTimi ma t
nezes?2 Skoolandg erfi p v T mGaram§cingm.

SWELLING RATIO [5]

CIGEN-30 C2GEN-30 CIGEN-BO CIGEN-BD CIVAN-30 C2VAN-30 CIVAN-80 C2VAN-BO CINF-30  C2NF-30 CINF-80 CINFE0 CL1COL-30 C2COL-30 C1COL-80 CICOL-80 GAR  C2-BO-ENI C2-80-EN3 C2-H0-ENG

Obr.38M2 hat e®rm2d edRgjr adzaci amaatley(arggu afm$Dy h
n=3, n=6).
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SWELLING RATIO [26] 3 & ‘5 w12 w24 wWashours

12000
10000 I
2000 [ T
MASS LOSS [%] hin, @ d8hn
G000 120
100 — = -
4000 = z - & = = 1 = B
2D
2000 2 . o 8
o 40 -
20
0

C1GEN-30 CIGEN-30 C1GEN-B0 CIGEM-30 CIWAN-30 CIVAN-30 CIVAN-B0 CIVAN-80 CINF-30 CINF-30 CIMF-B0 C2NF-80 ClO00L-30 C2COL-30 CICOL-B0 CROOL-ED GAR C2-80-ENT C2-80-EN3 C2-80-ENE

Obr.39 M2 rbaot nZ8mi?| e ddBguafatiah a |l y z onvaatnelreih§ | T
intervalu 3-48 hodin( ar i t me T NSO %3, n=6).

Obr.40HmMot nBbyaRyl yz onaa ei(atE i T me T nsD i3,
n=6).

MASS LOSS [%] 3 5 9 W12 W24  W4Bhours
120
100
80 I &
60 T ™
: I
40 &
3 e .[ &
20 _ I
- I
Em EEm L B |
0 N/A I N/A N/A [
C2GEN-80 C2VAN-80 C2NF-80 C2C0L-80 GAR C2-80-EN1 C2-80-EN3 C2-BO-ENG

Obr.4dlHmot nbyak gl y z onaa relivint@rvalli 3-48 hodin
(ar it me {f nBDINE3, n=6).
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MASS LOSS [%] SWELLING RATIO [%]

26 [ — 5800 - 1
t T
T

. ) ] 5400 - 4

[ o
20 p
[ 4600 4
=

17 T

[ T 4200 -

[ +
14 -
e 3 3400 =
C2-80-EN1 C2-80-EN3 C2-80-EN6 C2-80-EN1 C2-80-EN3 C2-80-EN6

Obr.42Kr a b igmiyvi®o t n ok yn&keTb p t rz&rs2 tv I mina)l

Zvisl edpTde&8 ze sdoitcBjifagaplikacis 2 S o vraztokupodobu

j e dhodByZ Obr.40a4ljep ats m2®@) emn t n ol yntokofime zes 2 Sovanl
mater po#8BRHondi n8m®di u (zej m®Ana srovngn?2 se
krabicov®ho grafu hdvineowa)n2jcd pubkt gdt r( Ob
hmotnostn2zch Ybytc2ch ag pwezaiplli kaa c3i hgeds tni
statisticky p<0.05Kauskal\lVa lrloizgdPJV t(esporwvdvcreiirgEs o4
Bonferroni ho korekc2m2r ZazeosSetdPronk| sadiugujje
mT § eaned o usuedvatg & z e s 2dtolt rhd8go aplikaciroztokupodobuj e d n ®
hodiny(Obr.38a39. Zkrabio v ®h o gr afu m2)yvyj dopalnpgarmbr
p o apl i kaci exgoece tp«Ol0D &KriuskadWa®l | i sTv test V2CeEe
porovngn? s BonferromAiryo blbom&keé?2)i. hHmwood nnoo
stanovenlch po hodinov® ex proozzipctiy |vy, k azz ulj et
usuzovat na ni gg2 ThodmowzemrikTu anprwpzrdWDaod
nedostatelnhD homogenn? proces zes?2tDn?2. Z
opti m&dalpis?®P plmdeaplikacet S2 h o d pracesus®hSo Fed hutle

nut d ®lje gveritkovaty del g2ch Vabewvhch itmtk® v ke
antibiotiky, aby byla rychlost degradace nastadémp o g a d a v k Taplikazi. f i n 81 n 2

7 OVni OVCNGE DEPOTI ZALNCCH VLA:
UVOL eOVCNE ANTI BI OTI K ZE Z
KOLAGENU
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Pomoc2 vige uveden® metody byly pSipraven
karbodiimiduuV houbi | k&§ch byla pSid&na 3 antibi
gentamicin. Pr byly x © o dhirotayb ris Zankibpotikk hess 2 Soa § n 2

r e f enrped| p rGarangysin SCHWAMME, k t gercihar aktjakoL ®b v § B
hubkas | o gpauree q u i kalagemagentamicinuk t ebsghujea plochu 10x10

cm 130 mggentamicinu.

71 5A & FRATFUENEN2E | IKPIRKHENTFASYE VY,
12 & 2 Fantibidtikyl ON

7.1.1 Metodika

Pro zjigtnDn?2 efektivity houbi | ek j ako n
mi krobi ol ofgdtc E®ofmBatypdppugi t2m vzorkT houbi
tvaru o prTmBDru 5 mm. P r obakterie Bseunldmonay ® t e
aeruginosa (gentamicin, Staphylococcusureusr e z i sra enetitilim {MRSA i

vancomycin, Escherichiacoli (nitrofurantoin. Na Pet ri ho mi sky byl a
zpTsobem roawVdikolvE&nar st va bbayktye rpiRi,l opjoe ny4
prTmRru 6 mm vystSigen® z houbi | ekkosta po d
i nhidi fopr243).

Obr. 43 Petrihomiska s nakultivovanou Pseudomonasaeruginosas pSi |l ogenl m
houbi $geraamicineni vievon e s 2 Septaews E§ Sov an § .

Pokusy byly provedeny s,vpletcih &bi sdkiys ko[d vkgal
houbi |l ky.
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aNUz vSanNt aNUz vSanNt aNU:z vSanNt
E. coli + Pseudomonas aer. + MRSA +

Obr.44Velikosti nhi bz Jjme2donto t eistbelaobichek.

Nitrofurantoiniv el i kost i nhibiln2ch z-n je totogns§
je s pepvbBbtdgddobnost?2 zpTsobeno velice n?2
vodn®m prosh&Semidl. el odotuedy uv ozdcdko®bo pouz:«
mnogahwikbiotika, ani g by hsoeubpirlog ke.viNiat rroeft ue
z tohoto pohledu ide8&8ln2 | ®k, hebool§Ikn2Ad
vli astnost 2.

Gentamicinv T z n arnonz{pd <€ 0,0001)i s 2 Solv@awmt®mhb k §ca % me n § 2
inhibinys?

Vancomyciny T z n arnonz{p €0,0001)i s 2 Solvawm®mh kEca20% me n § 2
i nhidiny?

713%t @SNJ ORAA120S RAFdAd yN GSaiteoy
| nhi kzi-Insy2 So v &ata@ehwbyly z nat mbkn fpobrdd) cofp d&no
technol pracésen T mkhly, s2 Sovadlo je pSid&§no d
kol yofilizac? s anti bi artbiokka wymyta p Sposebue d n N j

s 2 S ok t§ @ahinujev y myadBytkus 2 So viaicniechhgol e o f bk pd mgt Nd 1 e
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U nitrofurantoinu, k t eje Velice m§ | roo z p uvshtyrdir o frid znRocuhgt Nd | e c
vy mynted o Ydiice ma |viar i kogficient ( maSD®Y%s el rkaydnadej e,

ath. jsowhoubi | k§ch r ov nlednsloseo!p rrvtestypdepoizaeersa .
dodanhomibi |AalmR.Na z 8kl adDs It #ycFroaven f i n§
technopostgphdkdj 2 | yofilizaceh.

Pro n§sl eduj 2vcy?t enpsSk 86 yaaubbgillfk y nej prve zes:
lyo f i | inz8asd 2e,d m@ u e ggeraamnfcinem/vankomycinem a p ot Nt
| yof i(ddeslaa 2novniktodapdvbyud8i |l i zaced) .
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8 PITCPRAVA FI NCLNéECH KOL AG
LYOFI LI ZCTS$ S ANTMBT ODAKYDVOJ
LYOFILIZACE

8.1 Gentamicin a vankomycin

Na z8kladhD proveden® optimalizace pS2prav)
pSipravonesgkhy s antibiotiky pro lbniviwh ogi ckd
JmenovithN ¢l &) zoe svzSoorvkayn @ hb rk.ol4dagenu i mpreg
(C-GEN) a vankomycinem (WAN) , negkee2 Sovan®ho kol agenu
(NC-GEN) a referenln2 vzor kantziebsizoStoivkana®h k o 1
produktu Garamycin Schwanfm Vzorky byly sterilizog n y pomoe3Samama

(25k Gy) . Vzorky byl y standardnhi podr ober
el ekt rmkmoskopi® mikro-CT, d 8 Ibydy a nal y zppovngokdR a jejich

st r utabiitabyldt e st Py’ degesafi Fzndtlogi ck® pr o
37 aACS%B®HE@At mo s(fi@Sel.

Obr.45Ma k r o sjmS imkrya vloyvoafnid BEkis & € Jajictyv n i strékiugyv
S e 500x).
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NaObr.4) sou uvedeny strukturn? parametry vg
velikostiadi stri buce p-rT jsou zde wuvedeny hodt
hustoty (OSD)aket apnoonvilern ®c el kov® pl ochy K
analyzovan®mudhk®j psu pvae cah® stl ygpeT up Si pravova
bylo dosageno obdobn® ot evjSednn@o tpnanvad iht§y .T
statisticky v znamm g iplSa, exm§ n ivdikpst vykazovaly vzorkys
vankomycinem(42-1080 md o I-Im & rkvagil) agentamicinenf42-1200mnej vy § g 2
paknes2 Sovan® vzor kyl59 et anvizchil reedne m( k4 p S
nejde v p-ojzénddmetclhi vich Iyofddliz8§tT o viraz
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| IR B
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C-GEN NC-GEN C-VAN C-(;OL RCP
Obr.46Vel i kost p-r T, otevSesnt8otpaor(00@SD)a aAnCPl)y z

mat e rvig&lchliodnotyy y k aswmtisfickyw 1 z n a mz @?ruskgtWallis,
Bonferronihokorekce0,05).

Visledky degradal n2ch t7estNlej vyg@g?2 sImémut yc
vykazovaly vzorkyn e z e s 2 Skolagemu® bemtamicinemPo | t y Sheocdhi n § ¢ h
expozicw si multdM am@®smt Sed2 byl zjigthDn %%bytek
po tldenn? ex pozi ci85%zpde o hthanthastivaotko. P p Bh Bh i § n
degradacerykazovalyo b d odbazi®e s 2 Swaorkgin®p r e g waokoraynif@ma
gentamicinemlhnedpo| t vy $e@adh axpozitedosahovah mot nost n2 Ybyt e
Tato zrychlen8 degradace mTge bahtbiotkzp Tsob
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integrovanim ve uSmei tl§m?f iddrz&zru2. sharl gkt pr T
pomal ej g2 trend a po tlTldenn2 expozici se
vypl avamow8rmid oti k na ztr8tu hmotnost.i i mpr e
pS2kl adu Y%byaindtzheBsroSoovsatni®h o kol agenu, kde
mNSitelng teprve agtdPmcRi4photdi e hvylkasz ay
uubytek okolo zm2nhRDnlchm&d ik @mdir uh®ho pebdd
Garamycif, mnD]| prTbNheddgr dat ¢ yefppacdvylaz v d §n &c h
hmotnostit a RO®,aled § & @lokoncetestuz T s praktickybezez mnD Mentad N |

pravdDpoadwwiadd®®y c h | ey @ 2 méhtbfotika ihnedv pr vin& z i

expozices i mu | otvialnp@nms t Sed?2 .

100
20 - O NC-GEN
80 g —— e
X 70 Q@
Q60
§ >0 C-VAN
2 40 I c-sméu —
2 30
20 RCP
10
0 O
4 8 24 48 168 [hours]

Obr.47/Hmot nostn?2 Ybytky vyj&8§dSen® jako proce
mezi kvaoz pDbo%)®.

M2 rnaa s § k & © 0 $ ti§/rj 28)daRoenn8Sr [T § ¥ o himotAostivzorku,b N h e m
sedmid e nerpdbzicevt N1 me ans je $eddrmaObr. 48.
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Obr.48M2 hat w81 28 dakogm ® c @ 8 r § F ¢ ohchatrfostivzorku
( medme8zni,k vaozphRov ®.

8.2 Rifampicin

PSi prlkaoleaag®e n srfatnpignBmlyz e rozdhIl it do t S2 z§Kk
seprincipi 88l nn |Iig2? rozsahem porozity, spe
vliastnostmi. C2lem rTzn® pSamoav)skae ntn®k @ oi
optimalizace doby degr adaRrevnm? Ssjkzsepni@ puldvnoyl |
pSiprakotag@nov®Tdnepekpacentrac?2, |jmenov.
49). Druhou skupinouj sou sendvi |l ov® konstrukty, kter

j 8dro a okrvay oyy2® parsazbP) osu Sémdei |PgIu® mat e
vytvg8§Seny nhRkolikastupRovou pS2pravou, kte
nezes2Sovan®ho j&8dra s ni§g? porozitou, k
koncentrovanou disperz?2 kol agenu, otpDRDtovnl
zpTsob pS2pravy umogn?2 S2zen2? postupn® de:¢
m2ru uvol Rovgn2 antibiotik z rTznhD por ®zn

apli kovatelnosti formou hemostatick®ho Kkry
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Obr.49SEM sn2mhgvkohapgBn pBTpnBvkovaonbkohravan’
prekurzorT (zleva 1%, 2% a 3%), kterl mi | 2z
materi 81 T.

. VYSOCE POREZN|
OKRAJOVA VRSTVA

MALC POREZNI
JADRO

i VYSOCE POREZNI
OKRAJOVA VRSTVA

Obr.0Sendvi | ov 8 k onh8lgoe npoovr&® zpnt¥nna js85P4 em, pSi p

hmotn. disperze kolagenu, aygo c e por ®zn2 mi okrajot¥%mi | §s
hmotn. disperze kolagenu. Zcela vpravo | e
okrajem.

TSet 2 skespun&ol agenov® pRNny kombinuj2c? r

7z

nNDkolika vrstvamivk®Kmg e(@bdiadbmDn j ako v pS2

sendvi| T je c2lem n8vrh phDn s mkjpamaa por o
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strukturovan® pRhDny jsou pSipravovgny nhko
kroku elektrostatickIm zvlI 8kRovg&n2m pSiopr
dal g§2ch kroc2ch po zes?2tNDn2 prosycebivg&na Kk
formy, a po zamragen?2 |yofilizov8na. Ko mb
povrchu umogn2 dal g2 zpTsob S2zen? degr ad
uvol Rovg&n2 antibiotik pSi zachovgn2 dost
hemostati ck®ho kryt?2,

b

= — NANOVRSTVA
- [ NANOVRSTVA

e
[————___NANOVRSTVA |53
[C——————__NANOVRSTVA

SS[E=—=___ NANOVRSTVA

—_—mm —

Obr.51Nanostrukturovan8 vysoce por ®zn2 kompo
nanovl 8kennlch vrstev 1 % hmotn. disperz?2
pSechod mezi vl 8&8kny a por ®z ndkazsigdetailk t ur ou |
prosycen?2 nanovl 8kenn® vrstvy disperz?2.

8.2.1 Optimalizace doby degradace

Vzhledemk el ati vnhD rychl ® degbgtaposkopag&ap? e
typT pRn modifikovgn zaSazen2m dadcasttd|dm®h
byl o pougito ¢ h e(@imetkyiaminopropybNmethylkarbodiinNdu
hydrochloridu (EDC) a Mydroxysukcinimidu (NHS). Po homogenizaczaa mr a z e n 2
smNs8O0n&C (3 hodiny) a |lyofilizaci je sta
% hmotn. ethanolu a vodysDC/ NHS (4/ 1 hmotnostnni) pSi
kol agenu pSipad§8 1 g EDC. Po zes2®ldw §n2 Kk
NeegHPQipo dobu al espoR 2x45 minut desd§ll evpanga
vodnhD, zamd@kgh@a(Bmahodin) a I|lyofilizovg8na.
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stanoven?2m m2ry botn8n?2 (nas §lkawud toiv)ana c k
t DI prolst Sed2ch. Takto byl ovhRSovg&n stupeft
vs2Sovac2m roztoku po dobu 1 ag nlk8omciika h
doby degradace analyzov8n, byla rTzn8 poro
okoncent al n2 Sadu kol a®% mowm®brdBi spetreaj 6, ¥ iv
interval T zes2Sov8&n2 na hmomonbsvahnl ddbyt &
podm2nk&8ch.

HMOTNOSTNI UBYTEK [%) NASAKAVOST [%)]
100 8000
BORIG BORIG
01 HODINA 7000 O1HODINA
80 @3 HODINY @3 HODINY

W& HODIN 6000 I- W6 HODIN

&0 5000 |

—_—

4000
40 3000
2000

T
20 L]
0 a

Obrr2Hmot nostn2z Ybytky a nas8kawéshmotnk ol agen
d sperze s2Sovan® po dobu 1, tdt@ag®@olmodi n.

nezes2Sovanou pRnou. Vybran® visledky il us
hodinh s2Sov&n2, pSi zachov§n2 vysok® m2r )

822t NfNLIN} @I &aSRYODAG620é OK LISY

Pro pS2pravu sendvilovich phRn byly na z8§
pSipraviov®n® mat n. kol agenov® disperze a
pSi pravdovsapne® z2 o k o h 8ehmatr. &rokens 8,1 % hnotn.
PSipravovean® memydvjiidou 53 ustrovg§ny na Obr .
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Obr.53Reprezentativn?2 s nt2unhkiym sje8nddrveim o(v5l %hhm.p I
vysocepor ®zn2mi okrajovimi | 8stmi (shora ¢

Postup jejichnp&dpi & avwynf28mm ékcrhovkSePw j e pS2 pr a

5%hmotn.-80 AC), kter® je po lyofilizaci zes?
37 AC a opRtovnhD vymrageno mezi | i sovac?2mi
druh® f 8zi prosycov8notndi skpoenrcze2nt k @lca g e nPuo

prosycen2 ve vakuu a fixa80 AGXra | gofiilv
Ng§sleduje zes2Sovg§n2 (EDC/NHS, 3 hodiny, 2

PrgvDnp doba a zpTsob prosycen? j e pr o k
ndostate|l n®m prosydehamimTaei djoed@a®iti ki ch
Obdobnn pSi progeygehmi dkepeenzemaceasmi doch
tuh®ho j&8dra, cog mTge negativnhD ovlivRov
jgkopogadovan® mechanick® vlastnosti. Nev hi
i lustruje SEMbMsnZ2emek rkaeOlgn.pky oznal uj?

kdel ami nac.i jednomit o vpShpadBtégho © okraj o
disperze 0,2% mot n . Pokud aplikujeme stejnhD konc
na 37AC pod wahkoudenn® mud opjrdoes ylcen2 okrajovli cl

kdel ami naci nedoch8z2,
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