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1.UvoD



Hyaluronova kyselina (HA) je pfirozené se vyskytujici a v zivych organismech
vSudypfitomny nesulfonovany glykosaminoglykan. Je to linedrni polysacharid slozeny
z opakujicich se disacharidovych jednotek tvofenych kyselinou glukuronovou a N-
acetylglukosaminem. Struktura HA byla poprvé definovdna roku 1934 laboratoii Karla
Meyerse pii vyzkumu vnitini tekutiny sklivce. Samotnou strukturu linearniho
glykosaminoglykanu s charakteristicky se opakujicimi disacharidovymi jednotkami (viz nize)

popsali roku 1954 Weissman s Meyerem. V

V zivych organismech je HA pfirozenou soucasti extracelularni matrix, vaZe na sebe
velkd mnozstvi vody, vypliiuje prostor, je soucasti pojivovych, epitelidlnich a nervovych
tkani. Ve velké mife se vyskytuje v o€nim sklivci, synovidlni tekutiné a kizi. Na bunécné
urovni brani prostupu virti a bakterii ptes pericelularni matrix k bunice, moduluje zanét, zhasi
volné kyslikové radikaly, ovliviiuje proliferaci a diferenciaci bun€k, ma vyznamnou regulaéni
a strukturdlni funkci pfi hojeni ran, v synovialni tekutiné diky svym viskoelastickym

vlastnostem tlumi narazy.

Nekteré jeji vlastnosti byly vyuzivany medicinou jiz v Sedesatych letech minulého
stoleti pii hojeni popalenin a koznich viedi. Od této doby se spektrum indikaci HA vyrazné
rozsifilo a zahrnuje: o¢ni chirurgii — ochrana pfed poskozenim oka béhem zakroku nebo
nahrada sklivce, wound-healing — pro tzv. vlhké hojeni ran, estetickou chirurgii — vypli

vrasek, revmatologii — intraartikularni a periartikularni injekce, aj.

Soucasny vyzkum se zameétuje predevS§im na schopnost HA ovliviilovat migraci a
proliferaci buné€k, receptory pro HA a jejich signalni cesty a moZnosti jejich ovlivnéni.
Zakladni motivaci tohoto vyzkumu je vyuZziti HA pro terapii nadorovych onemocnéni, kde by
HA mohla slouzit jako nosi¢ cytotoxického 1éCiva nebo ve formé fragmenti na jeho povrchu

smérovat 1é¢ivo ke svému cili.

Cilem této prace bylo vytvofeni reprodukovatelného postupu zna¢eni HA izotopem
n a u takto vytvoiené molekuly popsat biodistribuci po intravendznim podani a stanovit
zékladni farmakokinetické parametry. Vysledky této prace maji pfinést nové informace o
biologickém chovani HA a ur¢it dalsi mozné cesty v jejim vyzkumu sméfujicim

K praktickému vyuZziti.



2. TEORETICKA CAST




2.1 Biodistribuce 1é¢iv

Studium biodistribuce, tedy schopnosti 1é¢iv nebo latek se distribuovat v zivém
organismu do jednotlivych organu a tkani, je jednim ze zakladnich pifedpokladd pro uréeni
mista pltisobeni latek v organismu. Jeji studium vychézi z predpokladu, ze existuje vztah
mezi farmakodynamickym ptsobenim lé¢iva a jeho koncentraci v misté, kterého je schopno

dosahnout, nebo ke kterému je transportovano?.

Misto uc¢inku 1é¢iva v organismu je tedy ve vysledku ovlivnéno primarné mistem jeho
absorpce (prestup pres biologické membrany — typ membrany v misté podani), vlastnostmi
1é¢iva (velikost molekuly, fyzikalné-chemické vlastnosti, lipo/hydrofilita, pH [éCiva),
faktory ovliviiujicimi jeho transport krevnim feciStém (vazba na plazmatické bilkoviny) a
vlastnostmi prostiedi v misté jeho finalniho vychytavani (prokrveni, permeabilita kapilar,

pritomnost transportnich mechanizmu aj.)3).

Celkovy obraz o biodistribuci podané¢ho 1é¢iva mizeme ziskat bud’ pfimo, méfenim
jeho koncentraci v organech a tkanich, pokud nam takové meéfeni vlastnosti 1éciva
umoziuji, nebo nepiimo, méfenim koncentraci latek nebo intenzity zéfeni, které je se
sledovanou latkou biologickym systémem neseno. Pro nepfimé sledovani se pouzivaji
nejcastéji radioaktivni zatice nebo latky vydavajici fluorescenéni zafeni. Tohoto postupu se
vyuziva zejména u latek, které jsou pfirozenou soucasti organismu, do kterého jsou

aplikovany. V naSem ptipad¢ je tomu tak u HA.



2.2 Glykosaminoglykany

HA patii mezi glykosaminoglykany (GAG). Jsou to v zivych organismech pfirozené
se vyskytujici linearni heteropolysacharidy s typicky se opakujicimi disacharidovymi
jednotkami. Jeden monosacharid je vzdy aminocukr D-glukosamin nebo D-galaktosamin a
druhy je zbytek kyseliny D-glukuronové nebo iduronové. Obecné se rozdéluji do Ctyf
skupin (1) hyaluronan, (2) chondroitin sulfat a dermatan sulfat, (3) keratan sulfat a (4)

heparan sulfat a heparin. ¥

)

Obréazek &.1: Strukturni vzorce glykosaminoglykant °

Dermatan sulfat:

H OH H NHCOCH;

L-iduronate N-acetyl-D-galactosamine-4-sulfate

Chondroitin sulfat:

H OH H NHCOCH;

D-glucuronate = N-acetyl-D-glalactosamine-4-sulfate



Heparin a heparan sulfat:

CH,0S80;H

H  OSO;H H  NHOSO;

L-iduronate-2-sulfate  N-sulfo-D-glucosamine-6-sulfate

Keratan sulfat:

CH,0H CH,0S80;H

H OH H NHCOCH;
D-galactose = N-acetylD-glucosamine-6-sulfate

GAG jsou vysoce negativné nabité molekuly liSici se od sebe navzijem fadou
vlastnosti: pfitomnym aminocukrem, uronovou kyselinou, vazbou téchto dvou slozek,
délkou fetézce, pritomnosti nebo neptitomnosti sulfatu, vlastnosti osovych proteinti, na které
jsou vazany a kone¢né také zastoupenim v jednotlivych tkénich a funkci. Vazbou na osovy
protein vytvareji GAG proteoglykany nebo téZ proteoglykany. Jsou soucasti celé fady tkani,
kde plni dilezité fyziologické funkce jako komponenty extracelularni matrix nebo na
bunécné Urovni jako intracelularni komponenty a vazané na povrch bunéénych membran.
Reguluji celou fadu procest jako bunééna proliferace, diferenciace a bunééné interakce.
Jsou syntetizovany v Golgiho aparatu pomoci vysoce specifickych glykosid transferaz.
Jejich degradace se potom odehravd v lysozomech, kde jsou Stépeny lysozomalnimi

enzymy. ® "
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Obrézek &.2: Schéma glykoproteinu *)

protein core

glycosaminoglycan
trisaccharide link

serine

uronic acid

N-acetylated sugar

2.2.1 Heparan sulfat

Heparan sulfat a heparin jsou v soucasnosti nejprozkoumangj$imi a v praxi
nejvyuzivangj§imi proteoglykany. Heparin mé ze vSech biologickych molekul nejvétsi

negativni naboj. Je produkovan zirnymi bunikami a bazofily.

Ackoli je jeho praktické vyuziti v mediciné jako antikoagulans, jeho prava
funkce v organismu neni zcela objasnéna. Predpoklada se, Ze jeho puvodni funkce je
obrana organismu pifed virulentnimi organismy a cizimi latkami v misté poranéni
tkang. Interaguje s molekulami bunéénych membran, jako jsou ristové faktory, virové
proteiny, enzymy, adhezivni proteiny a integriny. Toto je podloZeno i faktem, Ze
heparin/heparan sulfat mize byt nalezen i u bezobratlych se zcela jinou koagula¢ni

kaskadou. 89
2.2.2 Dermatan sulfat
Dermatan sulfat oznacovany téz jako chondroitin sulfat B je hojné zastoupen

v kuzi, cévach, srde¢nich chlopnich, vazech, plicich a rohovce. Strukturou se velmi

podobé jak chondroitin sulfatu tak heparan sulfatu. Jeho zvySena pfitomnost byla

11



dolozena u kardiovaskularnich onemocnéni, tumorogenezi, infekcich, hojeni ran.
Spolec¢né s heparan sulfatem modifikuji biologickou odpovéd, reguluji enzymovou
aktivitu, slouzi jako signalni molekuly nebo jako cilova struktura vird, bakterii a

parazitl pii invazi do organismu. 10)

2.2.3  Chondroitin sulfat

Chondroitin sulfat podobné jako heparin a heparan sulfat jiz také nasel svoje
uplatnéni v soucasné medicin€, i kdyz vtomto piipadé¢ zatim jen v podobé
potravinovych doplnku, které¢ snizuji celkové mnozstvi konzumovanych NSA pfi

osteoartritidg.

T¢€lu vlastni chondroitin sulfat je soucasti extracelularni matrix, kde vazbou na
ptislusné proteiny vytvari skupinu proteoglykant tzv. lektikant, zodpovédnych za

strukturélni integritu tkani a spravnou funkci kloubnich chrupavek.

Ackoliv neni chondroitin sulfat tak dobie prozkoumany jako heparan sulfat,
predpoklada se, ze méa také vyznamné regulaéni schopnosti na bunécné trovni. M2)13)

Jako jeden z mala GAG muze byt absorbovén po p.o. podéni. ¥
224 Keratan sulfat

Keratan sulfat je jediny z GAG, V jehoz fetézci se nevyskytuji zbytky kyseliny
uronové. ¥ Stejné jako dermatan sulfat neni dosud terapeuticky vyuzivan. Poprvé byl
izolovan z rohovky Meyerem, ktery zaroven klasifikoval jeho dvé formy KS I a KS

II. Ty se 1i$1 svymi vlastnostmi a tim 1 mistem jejich pfitomnosti.

KS I je pfitomen pfedevsim v rohovce, kde spole¢né s dermatan sulfatem, diky

své schopnosti pojmout velké mnozstvi vody, udrzuje prithlednost rohovky.
KS II se d& oznacit jako ,,skeletalni typ. Podle vyskytu se dé jesté rozdélit na

»kloubni* KS-IIA a ,, mimo-kloubni KS-IIB. V kloubu je souc¢asti proteoglykanu

aggrecanu, ktery udrzuje schopnost chrupavky absorbovat naraz. Diky jeho

12



koncentraci v séru a v moci se da poznat mira poskozeni chrupavky u onemocnéni

kloubi. ”

Biologické funkce keratan sulfatu spocivaji predevSim v hydrataci tkani a

stejn¢ jako u ostatnich vySe jmenovanych GAG se na buné¢né trovni i tento podili

na signalnich procesech vedoucich k regulaci bunécné motility, adheze aj. 15)

Tabulka &.1: Struény piehled funkci GAG 7

Glykosaminoglykan

Biologicka funkce

Mozné medicinské vyuziti

HA

Soucast ECM, sklivce a synovialni tekutiny

Urychleni hojeni ran

Lécba rakoviny a cévnich chorob

Lécba artritidy

CS

Soucast mnoha tkani, zejména chrupavky

Inhibice angiogeneze pfi nadorovém

bujeni

Lécba osteoartritidy

DS

Soucast mnoha tkani

Inhibice angiogeneze pfi nadorovém

bujeni

Antikoagulans

Heparin/HS

VSudypfitomny na povrchu bunék a v ECM

Inhibice rastu nadort

Antikoagulans

Inhibice bakterialnich a virovych infekci

2.3 Hyaluronova kyselina

HA se od ostatnich GAG li§i pfedev§im tim, Ze neni sulfatovana a nevaze se na

J o4

specifické proteiny, tedy nevytvairi proteoglykany. Je sloZzena z jednotek disacharidi

tvofenych kys. glukuronovou a N-acetylglukosaminem. Ve volném prostoru vytvaii

sférickou konformaci, ve které zaujima piiblizné 0,1% objemu a zbytek tvofi imobilizovana
9 9

voda. Jeji molekulova hmotnost se lisi podle typu tkané€, ve které se nachéazi od desitek

kilodaltonti az po n¢kolik megadaltonti. Zaujima tedy velky prostorovy objem a je schopna

pojmout velké mnozstvi vody. 16)
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Obrazek ¢€.3: Strukturni vzorec hyaluronové kyseliny °)

CH,OH
(o)
s 2% e
H OH H NHCOCH5
D-glucuronate N-acetyl-D-glucosamine

2.3.1 Fyziologické funkce

Tato latka je v zivych organismech vsSudyptitomna. Je bézné syntetizovana
fadou buné€k a je pfirozenou soucasti télesnych tekutin a tkani. Syntéza HA probiha
za pomoci hyaluronan syntazy (HAS). HAS patii mezi ,,s membranou asociované*

glykosiltransferézy.17)

Syntéza samotné HA probihd intracelularné stfidavym
transferem uridin-difosfo-HA (UDP-HA) k substratu uridin-difosfo-N-acetyl-
glukosamin (UDP-GIcNac) a uridin-difosfo-glukuronové kyseliné (UDP-GIcA) pii
odStépeni UDP molekuly. Takto syntetizovand HA ziistdva pfichycena na
plazmatické membrané a uvolnéna mize byt bud’ jako intaktni molekula nebo jako

fragment po enzymatickém nebo radikdlovém Stépeni. 18)19)

Plazmatické hladiny dosahuji 300 ng/ml.zo) Celkové mnozstvi v lidském
organismu je odhadovano na 15g, 2D g nejvetsimi depozity v synovialni tekuting,

sklivci, kazi a v mistech jeji degradace - jatrech a slinivee. 222324

Za ftyziologickych podminek tvofi vysoce hydratovany obal kolem mnoha
bunécnych typi, 22) vytvari odpor vodé, podili se na udrzeni osmotického tlaku a
vytvaii jakési molekulové sito pro propusténi molekul o rizné molekulové

hmotnosti.

Reguluje funkce granulocytl, ovliviiuje oxydativni poskozeni tkani, je

endogennim stimuldtorem produkce fady cytokinli, reguluje rychlost produkce

14



25) 26) a

endotelialnich bunék a fibroblastd. Indukuje angiogenezu Vv pokozce

v neposledni fadé podporuje bun&&nou proliferaci, migraci a tumorogenicitu. 272829

Na organové Grovni zvlh&uje stratum corneum a udrzuje jeho flexibilitu. 3
Jako soucast sklivce udrzuje nitroo¢ni tlak a tvar oka. Je také vyznamnou soucasti
synovialni tekutiny 3 ¢imz udrzuje spravnou lubrikaci chrupavky a tim spravnou

funkci kloubu. %

Fyziologické funkce HA na bunécné urovni, jako ovlivnéni bunécné adheze,
proliferace, migrace a angiogeneze a formovani extracelularni matrix, jsou zavislé na
vazbé na specifické receptory. Afinita HA k témto receptorim roste s nartstajici
molekulovou hmotnosti. Vys$§i molekulovd hmotnost zvySuje nabidku
charakteristickych sekvenci sacharidii, nutnych k navdzani HA a zéaroven stéricky

inhibuje moznost vazby mensich molekul.

15



2.3.2 Receptory

Obecn¢ nazyvame receptory pro HA HYABP (hyaluronan binding proteins).
Hlavni z téchto receptorii jsou transmembranové proteiny CD44 a RHAMM. Jejich

funkce je spojena s tyrosin kinazovou aktivitou jak je vidét na obrazcich ¢. 4 a 5.
32)33)34)35)

Obrazek ¢.4: Model HA-dependentni, CD44 specifické signalni cesty

§
f

-
—
W U R =

SESS35E5S
UO0DOREDEDEERERODOOD

IS e e e e g
O~ O OB R =2

Tumor Cell Migration Tumor Cell
and Invasion Growth

CD44-HA interakce podporuji tyrosin-kindsovou aktivitu HER2 a nereceptorové kindasy Src. Src
fosforyluje kortaktin, ktery jej pritahuje k bunécné membrané. CD44-HA interakce také aktivuji RHOA
a Racl a CD44 se vaze k Tiaml a Vav2. HA podporuje spojeni CD44 s proteiny cytoskeletu jako
ankyrin nebo ERM proteiny. Aktivace téchto cest spolecné vede k nadorovému chovani jako migarce a
invazivita. Interakce HA-CD44 vedou k 7adé signdlnich cest a s receptorem sprazenym fosforylacim. To

» , , . vy - . . o . - 32
vse vede k nadorovému chovani bunék jako migrace, proliferace, riist a invazivita. )
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Obrazek ¢.5: Model HA-dependentni, RHAMM signalni cesty.

| i .

microtubules

nucleus

RHAMM je pohyblivy hyaladherin, ktery se objevuje na mnoha bunécnych kompartmentech, a ktery
muze byt i transportovan do extracelularniho prostredi, kde se vaze na povrch buiky. Povrchové
interakce RHAMM-HA reguluji prenos signdlii pies Ras a Src. Ddle RHAMM reguluje schopnost

PDGF aktivovat Erk kinasu (klicové pro bunécnou motilitu). Intracelularni RHAMM koduje umisténi

nékterych kinas a rozpoznavacich mist. RHAMM je spojena téz s cytoskeletem. %)

Podle dalsich poznatki interaguje HA-CD44 sRac-1 dependentni
proteinkinazou N-y a jsou fyzicky spojeny in vivo. Racl aktivovand PKNy zvySuje
threoninovou fosforylaci fosofolipazy C. Ta $té€pi fosfatidylinositol 4,5-bisfosfat na
inositoltrifosfat (IP3) a diacylglycerol. Zvysena koncentrace IP; vede k uvolnéni
intracelularniho  Ca®". Diacylglycerol aktivuje proteinkinazu C. Dale HA-CD44
aktivovany  Racl-PKNy fosforyluje cytoskeletarni protein cortactin. Tento

mechanismus vede ke zvyseni cell to cell adheze. (Obréazek ¢.6). 36)
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Obrazek €.6: Interakce HA-CD44 s Rac-1 dependentni protein-kinazou N-y

1 Cytoskeleton

©) 3

Keratinocyte Function
(Cell-Cell Adhesion & Differentiation)

2.3.3 Absorpce

HA nese na kazdém disacharidu jednu karboxylovou skupinu, kterd je pfi
fyziologickém pH plné disociovana. To z ni vytvaii silné polarni a hydrofilni latku,
jejiz pasivni ptestup pies biologické bariéry by mél byt témeét nemozny. 16)37)

V dosavadni literatufe nebyl zvetejnén zadny ditkaz pro specificky transportni
mechanismus, ktery by umozioval jakykoli aktivni druh transportu této molekuly
pres biologické bariéry. I ptesto se zda, Ze HA je schopna ptes tyto bariéry pronikat.
V této kapitole jsou popsany vysledky absorpce zriznych mist aplikace

s pravdépodobnymi mechanismy priniku HA pfes biologické membrany.

2.3.3.1 Topicka aplikace

Pti topické aplikaci by mél byt prinik HA pfes siln€ lipofilni stratum corneum

nemozny. V hydratovaném stavu se vSak uvnitf molekuly HA tvofi nékolik
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vodikovych mistki, které mohou stoc¢it molekulu do stavu, ve kterém je exponovano
8 -CH vazeb a ta se tak pfiblizi amfifilni povaze a je schopna proniknout i do

hlubsich vrstev pokozky. 38)

V samotné pokozce je potom HA transportovana extracelularnimi prostorami
zejména difuzi, zpozdénou diky moznému uviznuti velkych molekul ve fibrézni

tkani, nebo naopak difuzi, ktera je facilitovana redukci velikosti molekuly. 39

Dalsi studie dokonce uvazuje o absorpci pokozkou zprosttedkovanou aktivnim
transportem pres bunky. Studie uvazuje, ze timto zpisobem pronika HA pftes
pokozku az do krevniho ob&hu, kde se objevuje asi po 30 minutach od aplikace. 38)
Konkrétni mechanismy nebo transportni systémy, které by toto umoziovaly, zde

nejsou uvedeny a jde spiSe o hypotetickou moznost.
2.3.3.2 Subkutanni aplikace

Subkutanné podana HA, znagena **I-TC, do zadni nohy kralika se nejprve
koncentruje v pokozce v misté vpichu. Mensi koncentrace se objevuji zejména
V jatrech a lymfatické uzliné na strané vpichu. Po 48h se pomér méni, koncentrace
vV pokoZce se snizuje a koncentrace v jatrech mirné stoupd. Po celou dobu je HA

degradovéana na nizkomolekularni fragmenty. 40)
2.3.3.3 Intraperitonealni aplikace

Intraperitonedlni podani HA vede k jejimu rychlému vstfebani z dutiny bfisni a
po osmi hodindch od zacatku experimentu se jeji hladiny v krvi zvySuji azZ na

¢tyfnasobek své pivodni hodnoty. )

2.3.3.4 Peroralni podani
Mechanismus absorpce HA po peroralnim podani neni dosud pfili§ znam. Jak
jiz bylo zminéno, neexistuje v dostupné literatuie spolehlivy dikaz o absorpci HA ze

sttevniho lumen. Dvé prace pouzivajici znacenou 9MTc-HA na potkanech pfesto

popisuji jeji absorpci ze sttevniho lumen, na zaklad¢ aktivity méfené v krvi, svalech,
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slinnych zlazach, kostech, ramennich kloubech a patefi. 42)43) Tyto prace ptipousti

moznost sledovani pouhych frakci ®™Tc-HA nebo volného *™Tc.
2.3.4 Distribuce

Po intravenéznim podani je distribuce HA vyrazné ovlivnéna jeji celkovou
plazmatickou koncentraci a celkovym pritokem krve jatry. Dusledkem toho je i
ovlivnéni dalSich farmakokinetickych parametri jako clearance a plazmaticky

polocas. 44)

Obecné jsou plazmatické koncentrace HA nizké a doposud nebyl objeven
transportni protein pro HA. L.v. podand HA ma relativné kratky plazmaticky polocas,

od 2,5 - 9 min u ¢lovéka a kralika, az po 20 min u mysi. 45)46)47)

Nejvyssi koncentrace v Krvi 1ze namétit béhem prvni hodiny od podani. HA je
poté z plazmy vychytavana do ostatnich tkani prvky RES s ¢astecnou redistribuci do
lymfatického systému. 4h od podani je nejvyssi koncentrace v jatrech, slezin€, kostni
dfeni a lymfatickych uzlinach v perifernich oblastech. V malych koncentracich mize
byt exogenn¢ podand HA nalezena také v ledvinach, plicich, nadledvinach nebo

kosternim svalstvu, *04D42)4345)48)

Rychlé vychytavani a redistribuce jsou odpovédné i za vysoky distribucni

objem (viz 2.3.7). 474950
2.3.5 Biotransformace

Biotransformace HA probihd rlznymi zpisoby a na rdznych mistech.
NejcastéjSim mistem biodegradace HA jsou jiZ zmifovand jatra a to zejména pii
parenteralnich zptisobech podani. Topické podani naopak vykazuje degradaci jiz

V pokozce. 39)

HA je ze systému vychytavana predevsim neparenchymatickou frakci jaternich

bunék, kde je degradovana na nizkomolekularni produkty. °%
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Vychytavani se déje pomoci receptorem zprostiedkované endocytozy. O
nasledném osudu komplexu HA-receptor po endocytoze existuji Ctyfi hypotézy. 1)
receptor se muze recyklovat zpét na bunéfnou membranu, zatimco ligand je
degradovan nitrobunécné, 2) receptor i ligand mohou byt oba recyklovany, 3)
receptor 1 ligand mohou byt oba degradovany a 4) receptor s ligandem mohou byt

transportovany ptes polarni buiiku a nakonec uvolnény do extraceluldrniho prostoru.

Diky experimentim s digitoninem, schopnym permeovat do nitra bunky a
uvolnit ze svych receptorti nitrobunécnou HA a 1251 znagenou HA, se potvrdilo, ze
HA je kumulovana nitrobunécné a po endocytéze je ze svého receptoru uvolnéna.
Nasledné je degradovana a receptor je recyklovan zpét na povrch buiky. O stejny

: vy . e . 2
mechanismus sout&Z{ také chondroitin a heparin. ° )

Vychytavani a degradace HA je umoznéno schopnosti bunék vazat HA pomoci
receptorti n&kolika typi. * Jsou to transmembranové receptory (CD44, RHAMM) a
nékteré dalsi (HABP, LYVE, LAIYLIN, ICAM, VCAM).

Hlavnim receptorem pro uptake HA je opét CD44. Exprese tohoto receptoru, a

tim i zvySeny uptake HA z obshu, miize byt regulovéana cytokiny jako je IL-1 %%

Katabolismus HA zahrnuje degradaci polysacharidového fetézce na

, . J , e g s roovo s 2
monomery, které jsou utilizovany jinymi tkanémi. 0

Katabolicky proces zac¢ina vazbou extracelularnich molekul k povrchu buriky
kombinovanym zpisobem a jejich naslednym rozkladem pomoci enzymu

hyaluronidaz (viz. Obrazek ¢.7).

V lidském organismu rozeznavame tfi typy téchto enzymi. Pro degradaci HA
buiikky na mens$i produkty o velikosti 20 kDa. Néasledné jsou tyto oligosacharidy
transportovany do bunky v lysozomtiim podobnych organelach, kde jsou dale Stépeny
Hyal 1 na di- az tetrasacharidy. V poslednim kroku jsou di- a tetrasacharidy
preménény P- glykosidasou, B— glukuronidasou, p— N- acetylglukosaminidasou na

monosacharidy. >¥>®
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Obrazek &.7: Misto ptisobeni hyaluronidazy >

Hyaluronidase Specificity
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Hyaluronic Acid

Degradace HA probihd kromé jater také v epidermis a lymfatickém systému.

V epidermis je obrat HA taktéz rychly. Keratinocity v monokultufe si
ponechavaji cast HA jako soucést bunécné vrstvy, Cast na povrchu plazmatické

membrany a ¢ast v intracelularnim kompartmentu. 57)

Je pravdépodobné, ze prvni zkracovani fetézce HA se déje extracelularné
neenzymatickymi postupy, jako je degradace kyslikovymi radikaly anebo

mechanickymi silami. %9)

V synovidlni tekutin€ je obrat HA zéavisly na velikosti molekuly. Zatimco velké
molekuly setrvavaji v synovialni S$térbin€é, malé molekuly jsou odsouvany a

degradovany. 18)

V lymfatickém systému probiha degradace fetézci HA v lymfatickych
uzlinach. Pfi tomto dé&ji jsou rychleji $tépeny molekuly s vys$si molekulovou

hmotnosti néz ty S mensi. >8)

22



Degradacni produkty tvofené po uplné degradaci se pii analyze chovaji jako
laktaty a acetaty. Mizeme tedy fici, ze metabolismus HA je v souladu

s metabolismem acetylovych skupin ptes acetyl-COA.46)51)

2.3.6 Eliminace

Exkrece HA je pfevazné extrarenalni 59

a je limitovana molekulovou
hmotnosti molekuly. [PHJHA nalezena v mo& mé molekulovou hmotnost kolem
25000. Toto se zd4 byt hornim limitem pro rendlni exkreci. Ta mize byt mimo

limitujici Mr ovlivnéna také velkym hydrodynamickym objemem HA. 40)

2.3.7 Farmakokinetické parametry

Farmakokinetické parametry HA jsou Vv soucasné dobé prostudovany jen
omezené. HA nenese na povrchu zadné antigenni struktury a jeji slaba odolnost vuci
fyzikalnim vlivim (vysoké nebo nizké pH, vysoka teplota) klade zna¢né naroc¢né

podminky pro jeji sledovani v organismu.
Na zédklad¢ informaci z literatury se pro kinetiku HA jevi kompatibilni
jednokompartmentovy nelinearni model Michaelise-Mentenove.

Dvoukompartmentovy model svou charakteristikou a vlastnostmi neodpovida

chovani HA a je proto nekompatibilni.

P¥i zkouskach na Glovéku byla vypogitana Km v hodnotach 340 +/- 130 ug I™* .
Maximdlni rychlost reakce Vmax 267+/-81 pg mint a primérny distribu¢ni objem
5,44+/-0,941.

Eliminace HA byla popséana jako reakce prvniho fadu podle rovnice:

v=k xn

Kde v (ug min™) je rychlost eliminace a n je mnozstvi latky (HA). Nebo

vyjadieno kinetikou Michaelis-Mentenové:
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v=Vmax/(1+Km/c)

kde Vmax je maximalni rychlost eliminace, Km je Michaelisova konstanta a c

je koncentrace HA v séru. 60)

Plazmaticky polocas se u &lovéka pohybuje od 3,5 do 6,0 min. *©

2.3.8 Funkce HA pr7i patologickych déjich

Mimo fyziologické funkce zminéné v tivodu této kapitoly, je HA pfitomna také
fady patologickych dé&j, jejichz pribéh Ize odhalit na zékladé zmén jeji koncentrace

Vv krvi, nebo na zdklad¢ pfitomnosti jejich fragmentt a degradacnich produkta.

Mezi tyto patologické déje patii predev§im revmatoidni artritida, fibréza a jina

onemocnéni jater a nékteré dalsi zanétlivé procesy v lidském organismu.

HA obsazena v synovialni tekutiné je schopna inhibovat migraci, chemotaxi,
fagocytozu a adherenci leukocyti. Muze také ovlivnit produkci fady medidtori
zanétlivych procest obsazenych v synovidlni tekuting. Stejné jako mé soucast HA,

kys. D-glukuronova, schopnost piisobit jako scavenger.

Strukturni zmény HA, tykajici se napiiklad délky jejiho fetézce, mohou mit
vyrazny vyznam na funkce synovidlni tekutiny, jako jsou absorpce narazu, rozptyleni
energie pii traumatu a konzervace a lubrikace chrupavky. Pfi patologickych stavech

nastiva zména ve slozeni a velikosti molekuly HA. &%

Pfi revmatoidni artritidé jsou v krvi pacienta nachdzeny antigenni komplexy
vznikajici vazbou malych molekul HA na protilatky typu IgG. Tyto malé molekuly
vznikaji diky degradaci velkych molekul volnymi radikidly produkovanymi
neutrofilnimi  granulocyty a monocyty, které revmaticky kloub infiltruji.
Vysokomolekularni HA nutna pro lubrikaci kloubni chrupavky je produkovana jen
zdravymi bunikami, zatimco kloubni tkan infiltrovand monocyty a neutrofily

produkuje pouze molekuly o malé molekulové hmotnosti. Degradace HA pak vede k
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masivnimu uvolnéni volnych radikali. Vychytavace radikalt (scavengery) chrani

HA pied degradaci v synovidlni tekutiné a zlepSuji tak stav revmatického kloubu. 18)

HA je mimo osteoartritidy také markerem poSkozeni jater (cirhdza, fibréza
vcetn¢ dalSich poSkozeni zplsobenych virovym onemocnénim nebo piisobenim
xenogennich latek) a biliarni atrézie. Indikace je mozné diky tomu, Ze za normalnich
podminek je 90% HA degradovano jaternimi endotelialnimi bunkami. Pfi jejich
poskozeni se toto procento snizuje a dojde ke zvySeni plazmatické koncentrace HA.
Na zdklad¢ statistik je potvrzeno, ze plazmatické koncentrace HA korelu;ji
s plazmatickymi koncentracemi bilirubinu. Plazmatickd koncentrace HA v téchto

piipadech vypovidéa pouze o stavu jaterni fibrozy a nikoli o stavu jaternich funkci.

Mimo svoji roli pfi patologii revmatodini artritidy a poskozeni jater, ma HA
velky vliv také pfi kancerogennim procesu. Interakci se specifickym CD44
receptorem indukuje HA bunéénou motilitu, facilitovanou invazi rakovinnych bun¢k

a indukuje angiogenezu.5®
2.3.9 Vyzkum a vyuziti

I ptes vySe zminéné vlastnosti a funkce je hyaluronova kyselina mnohdy

povazovana pouze za molekulu extracelularni matrix.

Znalosti ziskané minulym 1 soucasnym vyzkumem ukazuji na piesny opak. Je

to molekula velkého vyznamu nutna pro spravnou funkci lidského organismu.

Zminéna vSudypiitomnost a Ucast na celé fadé biologickych procesti jako jsou
angiogeneze, migrace a proliferace riznych bunéénych typul, ucast na zanétlivych
procesech, procesech hojeni ran, tumorogenezi a dalSich, ukazuje na celou fadu

moznosti vyuziti této molekuly.
Zaroven cela fada otazek nebyla doposud zodpovézena - mechanismu ucinku

na bunécéné urovni, presné mechanismy a role HA pfi hojeni ran a v neposledni fadé

také jeji vyrazny vliv na tumorogenezi a metastatickou aktivitu nadorovych bunék.
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Pravé vyzkumu vlivu HA na tumorogenezi a moznostem jejiho vyuziti pfi
targetingu cytostatik je v poslednich letech vénovana nejvétsi pozornost. Poznatky
vyzkumu z této oblasti, spolecné s indikacemi, ve kterych se molekula HA jiz
uplatiiuje - revmatologie, wound-healing, oftalmologie, diabetologie, farmaceuticka

technologie a dalsi, jsou uvedeny nize v této kapitole.
2.3.9.1 Funkce pri nadorovém bujeni

Bylo prokazano, ze tfada nadorovych bunék obsahuje a produkuje zvySena
mnozstvi HA. Jeji ucinek je pii nadorovém bujeni zprostiedkovavan pies
charakteristické receptory, jejichz koncentrace je v nddorovych bunkach taktéz

Y 64
zvysena. )

Na zaklad¢ téchto poznatkt je vyvijena snaha o vytvoreni vhodnych konjugatii
¢i preparatil, vyuzivajici nejen piimo vlastnosti a funkci HA pfi rakovinném procesu,
ale také nepiimo jejiho potencialu celkové snizovat nezddouci U€inky cytostatickych

1é¢iv, smerovanim a specifickou vazbou na nddorové buiky.

Zvysena mnozstvi HA pii nadorovych onemocnénich jsou vysvétlovana jednak
zachovanim schopnosti nadorovych buné€k, které ve svém plvodu byly vyraznymi
producenty HA, syntetizovat HA, napfiklad buniky nddoru prsu, nadorové bunky
synoviomu, chondrosarkomu, osteosarkomu aj., ® a déle signalnim mechanismem —
interakcemi nadorovych bunék S okolnimi butikami, zejména potom s buiikami
stromatickymi, jako jsou fibroblasty nebo buitkami hladkych svald, které nasledné

zacnou produkovat zvySend mnozstvi HA. 66)

Spolenym jmenovatelem obou je zvySena exprese genu pro HAS u
nadorovych bunék piimo produkujicich HA a aktivace HAS u bunck, které HA
produkuji na zadkladé signalu. Syntéza HA a tim i HAS vyznamné koreluje

s bunéénym cyklem s nejvysii aktivitou v M-fazi. &”

Produkce HAS je pro bunku dllezitd, protoZe buiika s odstranénym genem pro

HAS neni schopna piezit. )
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Kone¢nym dusledkem, ke kterému vysoké hladiny HA/HAS vedou je zvySena

neovaskularizace nadoru a vyssi metastatickd aktivita. 69)70)71)

Metastaticka aktivita je na HA zavisla pfedevsim ve smyslu, ¢im vice HA tim
snaze bunka migruje. Tedy bunky produkujici nadmérnd mnozstvi HA se snaze
odpoutavaji od primarniho nadoru a vytvari vzdalené emboly, nasledné vedouci
k formovéni metastaz. "™ Agkoli je migrace bunék zavisla spise na koncentraci HA
nez na poctu exprimovanych receptort, je taktéz zavisla na vazbé HA na receptor
RHAMM a jeji adheze v misté¢ tvorby metastazy je zprostiedkovana receptorem

CD44. 9™

Pravé zvySené hladiny HA vedou k tivahdm o mozném diagnostickém vyuziti
této znalosti, napfiklad biochemickym méfenim latek rozpusténych v moci namisto

standardné provadénych invazivnich metod.

Metoda pro stanoveni HA v moci se dd prokazateln¢ pouzit napiiklad u

rakoviny moc¢ového méchyie, kde je jeji koncentrace 4-9x vyssi. 7o)

Kombinace vyskytu HA v pfitomnosti nadort a jeji povaha co by fyziologicky
produkované latky (neni antigenni), déld z HA vhodného kandidata pro nosic¢

cytotoxické latky. 8)

Ptredevsim jde o jeji vlastnost specificky se vazat a byt vychytavéana receptory

CD44 hojné se vyskytujicimi pravé na povrchu nddorovych bunék. )

Hlavni dva sméry vyuzivajici této vlastnosti je tvorba konjugatd s kyselinou
butyrovou, paclitaxelem, doxorubicinem, taxolem, mitomycinem C, fluoruracilem

nebo lipozomi inkorporujici tyto latky. 88

Tyto nové konjugaty se zdaji byt dobrou, i kdyZ mozna diky své dosud
nezndmé toxicité a tudiz 1 nutnym toxikologickym zkouSkadm, ne pfili§ lukrativni
formou pro transport cytostatické latky. Naproti tomu lipozomy, nesouci na svém
povrchu fragmenty nebo celé molekuly HA, plnéné cytostatickymi léCivy jsou

Z pohledu toxicity lepsi volbou. Nejen diky tomu, Ze lipozomy bez HA jsou jiz bézné
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V terapii pouzivanou lékovou formou, ale hlavné diky tomu, Ze by umoznily

internalizaci vét§iho poctu riznych cytostatik.

Obe¢ tyto formy, at’ uz se jedna o konjugaty nebo lipozomy, umozni diky svému
»cilenému* G¢inku podani vyssich davek cytostatika bez ohrozeni pacienta. Cilena
distribuce by také do veliké miry snizila Cetnost a intenzitu nezadoucich ucinkd,

které jsou v soucasné dobé¢ limitujicim faktorem Vv terapii rakoviny.
2.3.9.2 Vyuziti v technologii léciv

Jednou z nejvyznamngjSich snah o vyuziti HA je vytvoteni derivatu pro tvorbu
mikrokapsli ke zvySeni biologické dostupnosti nékterych 1é€iv. Vlastnosti téchto
derivati HA vylepsuji jeji biokompatibilitu. Lipofilni vlastnosti usnadiiuji prinik

biologickymi membranami a zvysuji schopnost jeji biodegradace. 88)

2.3.9.3 Vyuziti v kosmetice a estetické chirurgii

Vyhodné je pouziti HA v kosmetice a estetické chirurgii. Jako fyziologicka
komponenta tkani nema velké nezadouci ucinky a shoda v chemickém slozeni HA
produkované streptokoky s lidskou umoznuje jeji aplikaci bez piedchoziho testovani
bezpecnosti na zvifatech. HA je v této oblasti vyuZivand zejména pro vyhlazovani
vrasek a zvétSovani rtl. Prednosti je témér 100% eliminace moznosti ud¢€lat
viditelnou chybu. Chybné vytvarovani diky HA se da velmi snadno vyfesit aplikaci
Hyal do stejného mista. %) Ma také své vyhody pro pacienty odmitajici chirurgicky
zakrok. HA se aplikuje jako dermadlni injekce jen s pouZitim anestetického gelu

aplikovaného pied zakrokem. %0)

2.3.9.4 Vyuziti v terapii osteoartritidy
Dilezitou indikaci pro pouziti HA je osteoartritida. Pti osteoartritidé dochéazi
ke snizovani molekulové hmotnosti fetézcti HA v synovialni tekuting, spojené s jejim

fedénim pronikajici plazmou a sniZovanim reologickych vlastnosti pfitomnymi

proteiny. Tato teorie vedla Kk viskosuplementaci HA ptimo v kloubu, kdy je
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,nefunkéni synovialni tekutina nahrazena vysoce ¢isténou HA o vysoké molekulové

hmotnosti. *V

V této indikaci se pouzivaji pfedevSim intraartikularni injekce. Vzhledem
k tomu, Ze distribuce HA do kloubu po intravenéznim nebo peroralnim podani neni
dostatené potvrzena, ma intraartikularni aplikace své opodstatnéni. V soucCasnosti je
porovnavan piinos 1écby intraartikularni injekci HA s lécbou kortikosteroidy nebo
NSA. °? Intraartikularng podavané injekce HA pouzivané pfi klinickém vyzkumu
terapie osteoartritidy se Casto lis§i v molekulové hmotnosti. Rozdil v u¢inku HA o
nizké a vysoké molekulové hmotnosti je ziejmy. Zda se, ze druha jmenovana HA je
efektivnéjsi pii redukovani projevii zanétu kloubu a pfi obnové viskozity synovidlni
tekutiny. Ne vSechny studie vSak naznacuji totéz a je té¢zké mezi nimi porOvnavat.
Mnoho 1€kafi hodnoti lépe HA o vysoké Mr, jako 1épe snizujici bolestivost
osteoartritického kloubu. Pfesny mechanismus U¢inku HA obou Mr v kloubni
Stérbiné neni bohuzel dosud objasnén. Je vSak znamo, ze zde snizuje celkovou
produkci NO a PGE2. Proto je HA vyuzitelna nejen jako viskoelasticky cCinitel, ale

také jako biologicky aktivni latka pro terapii osteoartritidy.%)

Odpovéd postizeného kloubu na terapii HA je pfitom obdobny jako odpovéd’
na terapii kortikosteroidy. Nevyhodou HA stéle ziistava zptisob aplikace pro uc¢innou
l1écbu. Intraartikularni injekce je velice bolestivd a neni pfijatelnym feSenim pro

viechny pacienty. %

Nyni je pro americky trh schvaleno pét pripravkt s HA, které jsou doporuceny
k 1écb¢ osteoartritidy ve chvili, kdy pacient dostate¢né neodpovida na 1é€bu NSA.

vewr

bolesti oproti NSA i steroidiim.

Vhodnost pouziti HA pro terapii osteoartritidy, prokazuje cela fada klinickych
hodnoceni, zabyvajicich se bezpecnosti, u¢innosti a porovnavajici ¢innost terapie
HA sucinnosti terapie NSA nebo kortikosteroidii. Vysledkem téchto klinickych
hodnoceni je zjisténi, ze HA nejen ze je stejné U¢innd v terapii jako NSA, ale ze

muze byt 1 uinngjs$i. Zejména dobrych vysledki bylo dosazeno pti kombinaci obou
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metod 1écby. Nékteré studie dokonce ukazuji, ze v€asné zahajeni 1écby HA miize

vyrazné oddalit totalni kloubni ndhradu. %)
2.3.9.5 Vyuziti ve wound-healingu

Role HA v hojeni ran je v souc¢asné dob¢ jiz dobfe znama a byla prokazana
klinickou studii provedenou v Ceské republice prof. Sobotkou s piipravkem

Hyiodine.”

HA ma pfi hojeni ran rizného ptivodu fadu uc¢inki a to pii vSech fazich hojeni

rany. Zanétu, formaci granulaéni tkdn€ a reepitelizaci.

Pii zanétlivé fazi je produkce HA obycejné zvySena a bylo prokdzano, ze
exogenné podana HA zvySuje produkci nékterych cytokint podporujicich migraci

prozanétlivé pisobicich bunék do mista zanétu.

Pii tvorbé granulacni tkan€é HA uplatiiuje svoji schopnost vytvaret matrix
nutnou pro migraci a zachytdvani bun¢k v misté¢ defektu. Mimo vliv na migraci pfi
tvorb¢ granulaéni tkané, podporuje jeji tvorbu také zvySenou angiogenezou.
Reepitelizace probiha taktéZz za ptitomnosti HA a je podporovéana jeji schopnosti
tvorby nutného extraceluldrniho matrix. K celkovému zaceleni defektu také ptispivaji

schopnosti HA jako vychytavace volnych radikala. %)

2.4 Metodické pristupy pro studium biodistribuce a farmakokinetiky HA

Prace provedend na oddéleni radiofarmak méla za cil stanovit zdkladni

farmakokinetiku hyaluronové kyseliny a ziskani vysledkli biodistribuce po i.v. podani pro

porovnani v dalSim vyzkumu této molekuly, jehoz zdkladni motivaci je moZnost

terapeutického vyuziti HA.

Vzhledem k povaze molekuly a moznostem jejiho sledovani v organismu, znamych

z dostupné literatury, byl pro tuto praci zvolen postup radioaktivniho znaceni. Tento postup

umoznuje velmi citlivé a pfesné urceni mnozstvi radioaktivity v jednotlivych tkanich,
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organech a urceni distribuCnich cest latky v organismu. Zaroven je vSak nutné pfii
interpretaci vysledkti zohlednit fakt, ze nikdy nesledujeme latku jako takovou, ale pouze jeji

radioaktivni ,,stopu‘.

Pti experimentu tohoto typu a tedy i1 pro dosazeni vyse zminénych vysledku, pfi
pouziti radioaktivné znafené molekuly, je bezpodminecné nutné vytvoireni
reprodukovatelného postupu pro tvorbu stabilniho komplexu sledované molekuly, v naSem

ptipad¢ HA, s radioligandem.
Moznosti znaceni HA

Vhodny radioligand pro sledovani farmakokinetickych parametri HA byl vybran na
zaklad¢ studia postupi znaceni této molekuly popsanych a znamych z literatury pro izotopy

140, 3H 1 125| a 111|n.

Obecné lze fici, Ze popsané postupy vyuzivaji bézné zpisoby piipravy radioaktivné
znacenych organickych sloucenin, jak pro biodistribu¢ni studie tak klinické aplikace aj.
Konkrétné klasickou chemickou syntézu, vyménnou reakci a biochemickou syntézu.
Vsechny uvedené¢ metody byly zvazeny pro své vyhody i nevyhody a dostupnost jejich

vyuziti pfi naSem experimentu. 97)98)%9)

Pti znaceni HA izotopy Y“C a *H (v obou ptipadech se jedna o beta zafiCe,
s polo¢asem rozpadu pro uhlik 5715 let a pro vodik 12,4 roku) se vyuziva biochemické
syntézy, tedy postupu, pii kterém je radionuklid obsazen v kultivaénim médiu a zivym
mikroorganismem je zabudovan do produkovanych metabolitii. PoZadovany metabolit je
poté¢ chemicky separovan. V tomto ptipadé¢ je radioaktivni molekula glukozy

metabolizovana na HA.

V piipad¢ izotopu *H se jedna o pfidani glukozy s SHN - acetylovymi skupinami ke
kultufe hovézich nebo lidskych synoviocytl, které nasledné pii svém rastu produkuji
znaCenou HA. Pro zvyseni produkce se v nékterych piipadech pfidava ke kultufe také
cholerovy enterotoxin. Izotop v takto znaené HA je potom soucésti karboxylovych skupin

moleku Iy 34)49)51)99)
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YC znatena HA se ziskava obdobnym zptsobem. Zdrojem C je D-[14C (U)]
glukoza pridavana jako zdroj uhliku ke kulturdm synoviocyti, laktobacilt nebo streptokokti

produkujicich HA. Takto vytvofend HA obsahuje izotop piimo v fetézci. 20)31)48)

Tyto molekuly jsou totozné s fyziologickou HA a nenesou zadné dalsi struktury na

svém povrchu.

Nevyhodou tohoto postupu je pomérné velka naro¢nost piipravy radioaktivni HA a
relativné nevyhodny pomér mezi ndklady a vytézkem reakce oproti postupiim vyuzivajicim

125) , 111
la

izotopy jako jsou In. Dals$i nevyhodou je dlouhy polocas rozpadu téchto izotopi a

tim padem 1 slozit&j$i dekontaminace metabolitli a pfipadného odpadu.

125| a 111

U izotopt In se jedna o chemickou syntézu, izotop je do cilové molekuly

vazan pomoci chelatu nebo ligandu vazaného na cilové molekule. 21 se véaze pres tyramin,
u *In je to molekula DTPA (diethylentriaminopentaoctova kyselina). 60)101)102)103) Ptiprava
takto znacené HA je vyrazné jednodus$si oproti izotoplim 2C a *H. M4 vyrazné nizsi

produkci radioaktivniho odpadu, ktery ma zaroven kratsi polocas rozpadu.

Nevyhodou pouziti chemické syntézy pro sledovani biologicky aktivnich latek je
zména struktury a tedy 1 moZnost ovlivnéni vazby na cilové receptory, transportni

mechanismy a piestup pies biologické membrany.

Z tohoto dlivodu je nutné pied pfistoupenim k samotnym experimentiim porovnat

podobnost takto znacenych molekul s molekulami ptivodnimi in vitro.

Na zakladé vySe zminénych informaci a znalosti ziskanych z literatury byl pro

111

znaeni HA v naSich podminkdch vyuzit izotop "In (jednd se o typ zéfiCe gama,

S poloCasem rozpadu 2,8 dne) jehoZ reakce s HA je jednoducha a snadno proveditelna.

Konkrétné se jedna o vytvofeni stabilniho komplexu n

— DTPA, ktery je vazén na
povrchu molekuly. Polo¢as rozpadu izotopu, asi 2,8 dne, umoziuje jak sledovani kratkych,

tak dlouhych intervald, stejné€ jako snadné odmoteni odpadu.
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Pfi této varianté je nutné porovnavani DTPA-HA s fyziologickou HA. Bereme zde v
uvahu zejména zvysSeni negativniho naboje molekuly diky COO- skupinam chelatu a mozné

ovlivnéni Sté€pitelnosti molekuly pfirozenymi enzymy.

DTPA (diethylentriaminopentaoctova kyselina) je chelata¢ni latka vytvarejici silné
kovalentni vazby s trojmocnymi kovy jako je Indium. Komplex DTPA-HA byl ptipraven
Ing. Petrou Ml¢ochovou ve spolecnosti CPN spol. s r.0., Dolni Dobrou¢ na zakladé diive
popsané metody Thierryho a Winnika 10 DTPA bylo podle literatury vazadno amidickou

vazbou na karboxylovy zbytek glukuronové kyseliny.

Obrazek ¢.8: Strukturni vzorec DTPA-HA

HOOC ﬂ h ﬁ /_ COOH

> HOOCJHOOCJ
HN
Hl o H OH
H_o H.o
o o -
HO 5 o
OH H  NA[/,
H H H H
o

Timto zptisobem bylo pfipraveno 16 derivati o riznych molekulovych

hmotnostech.
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3.PRISTROJOVE VYBAVENI
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Ptistrojové vybaveni:

HPLC Schimadzu — LC 10AD izokratickd pumpa s termostatem kolon CTO-10A

(Schimadzu corporation)

Radiometricky detektor Raytest Gabi Star (Straubenrhardt)
Magneticka micha¢ka (Laboratorni piistroje Praha, Ceska republika)
Analytické vahy (Boeco, Némecko)

Automatic gammacounter 1480 Wizard " 3" (Wallac, Finsko)
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4. EXPERIMENTALNI CAST
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4.1 Chemikalie a material

Sephadex G50 Medium (Sigma-Aldrich)

n-InCl; (Amersham Health Pty Ltd)

Tween 20 (Biesterfeld Silicom, s.r.o. Praha)

Azid sodny (Sigma-Aldrich)

Dextran Blue (Sigma-Aldrich)

Hyaluronidase, Type I-S: from Bovine Testes, 608units/mg solid (Sigma-Aldrich)
Fosfatovy pufr pH 7,5 - dihydrogenfosfore¢nan sodny (Sigma-Aldrich)
Fyzilogicky roztok 0,9% NaCl - chlorid sodny (Lachema)

Acetatovy pufr pH 5,5 - octan sodny (Merck)

HA-DTPA (CPN spol.sr. 0.)

Kolona PL aquagel-OH 60 (Agilent technologies)

Kolona HEMA-BIO 1000 (Tessek)
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4.2 Metody

4.2.1 Biodistribuéni studie
Biodistribuéni a eliminac¢ni studie byly provadény pracovniky oddéleni
radiofarmak na potkanich samcich kmene Wistar, jejichz hmotnost se pohybovala v

rozmezi 190 - 240q.

Pro studium biodistribuce bylo pouzito celkem 16 potkant pro kazdou latku. Ti
byli pted aplikaci drzeni bez pfistupu k potravé. V kazdém casovém intervalu pro
odbér organti a tkani byl pouzit soubor Ctyf zvitat. V case T = 0 byl zvifatim za
etherové anestézie aplikovan do véna saféna vzorek In-DTPA-HA o celkovém
objemu 0,2ml. Ve stanovenych intervalech 5 min, 1 h, 24 h, 72 h, byla zvifata
usmrcena desanquinaci a naslednou dekapitaci. Urcené organy a tkané byly zvazeny a
podrobeny analyze pro zhodnoceni celkového obsahu radioaktivity. Ze ziskanych
hodnot bylo vypocitano procento radioaktivity z podané davky v jednotlivych
organech a tkanich (%D), a také procento radioaktivity z podané davky vztazené na

hmotnost organu (%D/g).

4.2.2 Eliminacni studie

Pro ucely elimina¢nich studii byli potkani po aplikaci radioaktivné znacené
latky umisténi do metabolickych kleci s neomezenym pfistupem k potravé a ve
vybranych ¢asovych intervalech 24h, 48h a 72h byly sbirany vzorky moci a stolice. Ze
ziskanych hodnot radioaktivity bylo pro kazdy ¢asovy interval vypocitdno procento
vyloucené radioaktivity z podané davky obéma exkrecnimi cestami. V moci bylo

HPLC analyzou uréeno zastoupeni HMw a LMw slozky radioaktivity.

4.2.3 Farmakokinetické studie

Ve farmakokinetické studii byly vzorky 'In-DTPA-HA aplikovany podle
postupu biodistribu¢nich studii. Nasledné€ po uspani pentobarbitalovou anestézii byly
odebirany vzorky krve o objemu 0,2ml z karotidy do ,,heparinizovanych* zkumavek v
casovych intervalech 1, 2, 5,15, 30, 60, 90, 120 min a podrobeny méfeni na obsah

radioaktivity.
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Hodnoty radioaktivity v odebranych vzorcich byly hodnoceny nelinearni
regresivni analyzou, Gauss-Newtonovou metodou. Plazmatické koncentrace byly
vyjadieny biexponencialni rovnici:

C=Ce”+Ce”
kde C je plazmatickda koncentrace radioaktivity, t je c¢as, «, fjsou parametry
charakterizujici distribucni a eliminac¢ni fazi.

Vypocet farmakokinetickych parametrii a kiivek byl proveden programem

SAAM II.

4.2.4 Perfuze jater

Pro perfuzi jater byla pouzita perfuze in situ. Po pentobarbitalové anestézii (45
mg/kg i.p.) byl potkan fixovan na temperovanou podlozku, néasledn¢ byl kanylovan
zlucovod a portalni zila. Jako perfuzni tekutina byl pouzit Krebs-Hanseleitiv roztok
s glukézou, pH 7.4. Po kanylaci byl pritok perfusatu vyrovndn na 25ml/min a vzorek
Un-DTPA-HA byl pfidan do rezervoaru s perfuzni tekutinou. Vzorky perfusatu na
vstupu a vystupu z jater byly odebirany v 10min intervalech uprostied 10min intervald

odbéru zluci. Experiment trval 90min.

425 HPLC analyza

HPLC analyza vzorkd byla provedena za pouziti HPLC Schimadzu — LC
10AD izokratické pumpy s termostatem kolon CTO-10A, na kolonach: PL aquagel
OH60 kombinovand s Hema-bio 100, Mobilni faze: 0,1M fosfatovy pufr pH 7,5,
0,05% NaN3, detekce: radiometr Raytest Gabi Star.

4.3 Znageni DTPA-HA izotopem In

Pro znaceni DTPA-HA byly pouZity derivaty pfipravené pracovniky spolecnosti CPN

spol. sr.o. Dolni Dobrou¢. Byly pfipraveny tupravou metody publikované Thierrym a

Winnikem V. Na rozdil od literatury byl v pfipadé téchto derivatu pouzit coby aktivator

EDC (1-ethyl-3-(3-dimethylaminopropyl)carbodiimid) pro vazbu ADH (dihydrazid kyseliny
adipové) k molekule DTPA a po aktivaci HA CNBr, bylo k takto aktivované molekule HA
pfidino ADH-DTPA a byl vytvoten komplex DTPA-HA.
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Celkové bylo timto zplisobem piipraveno 16 derivati DTPA-HA o rizné molekulové

hmotnosti.

Tabulka ¢.2: Molekulové hmotnosti jednotlivych derivatu DTPA-HA

Vzorek Mr
DTPA-HA 20015
DTPA-HA 2 356100
DTPA-HA 3 111500
DTPA-HA 4 823250
DTPA-HA 5 340250
DTPA-HA 6 343700
DTPA-HA 7 242400
DTPA-HA 8 227500
DTPA-HA 9 403700
DTPA-HA 10 409000
DTPA-HA 11 253350
DTPA-HA 12 99995
DTPA-HA 13 192650
DTPA-HA 14 564450
DTPA-HA 15 1193000
DTPA-HA 16 10610

12 derivati bylo znageno izotopem

In podle nasledujici metody:
0,4% roztok DTPA-HA byl pfipraven rozpusténim 0,024g substance DTPA-HA ve
4ml vody nebo 0,05% roztoku azidu sodného. 0,5ml tohoto roztoku bylo naneseno na piedem

pfipravenou kolénu -30 x 1cm, pevné faze: Sephadex G50 medium, mobilni faze: voda.

Byl urcen volny objem kolony nanesenim 0,5ml Dextranu blue na kolénu a jimané
frakce byly métfeny spektrofotometricky pro urceni absorbance v jednotlivych frakcich. A
dale ovéfen nanesenim 0,5ml roztoku DTPA-HA na kolonu. Jednotlivé frakce byly
analyzovany na HPLC s vystupem na refraktometr pro ur¢eni nejvyssi koncentrace DTPA-

HA v jednotlivych frakcich.
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Na zaklad¢ urceni volného objemu koléony byly po odkapani 9ml mobilni faze od

naneseni vzorku, najimany do ¢isté nadobky 2ml frakce precisténé DTPA-HA.

V ¢isté nadobce bylo smichano 0,25ml 0,4M acetatového pufru pH 5,5, ptipravené¢ho
rozpusténim 1,64g CH3COONa v 50ml vody a dotitrovanim 0,4M CH3COOH na pH 5,5,
s 0,25ml roztoku piecisténé DTPA-HA. K takto pfipravené smési bylo piidano pozadované
mnozstvi izotopu In (*!InCl; 15-30ul pro biologické pokusy) a smés michdna na

magnetické michacce 0,5h pti pokojové teplot¢. 104)

0,5ml této smési bylo naneseno na pifedem piipravenou koldénu -30 x Icm, pevna faze:

Sephadex G50 medium, mobilni faze: voda.

Po odkapani 4,6ml mobilni faze od naneseni vzorku, byly jimany do ¢istych nadobek
frakce 4 0,92 ml az do frakce ¢.25. Frakce byly podrobeny analyze na gamma automatu 1480
Wizard 3% (Wallac) nebo bylo 100pl roztoku **!In-DTPA-HA podrobeno analyze na HPLC
LKB-HPLC Pump 2248 (Pharmacia), pozdé¢ji také na HPLC Schimadzu — LC 10AD
izokratické pumpé¢ s termostatem kolon CTO-10A a radiometrickym detektorem Raytest Gabi
Star.

Mobilni faze 0,1M NaH,PO,4 + 0,05% NaNs, pH 7,5. Kolony: PL aquagel — OH 60
8um; HEMA — BIO 1000 10um. Detektory: refraktometr RID — 10A (Schimadzu); Radiometr
(Raytest Gabi Star)

Z vyse uvedenych molekul byly nejprve znaceny DTPA-HA 2, 3, 4. I piesto, Ze tyto
molekuly vykazovaly po znadeni izotopem *'In 82 - 97% aktivity ve vysokomolekularni
frakci v porovnani s frakei nizkomolekularni, celkové mnozstvi aktivity vazané v molekule
bylo jen 5% proti aktivité dodané do reakce. Orienta¢ni pokusy na zvitatech navic ukazaly, ze
vazba nebyla dostatecnd a izotop n byl vazan ve vysokomolekuldrni slozce je slabymi
vazbami. Dale byly znaCeny molekuly DTPA-HA 6, 7, 8, které vykazovaly po znaceni
izotopem In 27 - 50% aktivity ve vysokomolekularni frakci. Z nich byla **In-DTPA-HA 6
podrobena biologickym pokustim. Vysledky sice prokézaly vazbu **'In ve vysokomolekularni

frakci, ale tyto vysledky se nepodatilo zopakovat.
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Reprodukovatelnych vysledkl znaceni bylo dosazeno az s molekulami DTPA-HA 9,
10, 11, 12, 13. Pro vzajemny pom¢ér izotopu vazaného/volného byl nejvyhodnéjSim z téchto
molekul pro dalsi pokusy DTPA-HA 9, DTPA-HA 12 a byla pfipravena i nizkomolekularni
DTPA-HA 16. Dale v textu jsou pouzité znacené molekuly pro vyssi piehlednost oznaCovany
molekulovou hmotnosti *'In-DTPA —HA 9 jako HA400, *In-DTPA-HA 12 jako HA 100 a
n-DTPA-HA 16 jako HA 10 (viz. tabulka &.2)

Grafy ¢.1-3: HPLC analyza molekul DTPA-HA 400, 100, 10 znagenych *!InCLs;

HA 400
800 -+

700 -
600 -
500 -

2 400 -
300 -
200 -

100 +

min
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HA 100

700 ~

600 ~

500 -

400 -

min

HA 10

min

ZHPLC analyzy vybranych molekul (Graf ¢.1-3) je zfetelny peak pro
vysokomolekularni frakci z cehoz vyplyva dostateCna vazba radioligandu na molekulu HA.
Stabilita takto ziskanych molekul a procentualni pomér zastoupeni vysokomolekularni a

nizkomolekularni frakce po 24h je uveden v tabulce stabilit niZe.

43



Ur€eni stupné substituce bylo opét provedeno popsanou metodou. 10) Stupeni
substituce (DS) byl stanoven pro DTPA-HA 10kDa na 5,5%, DTPA-HA 100kDa 4,5% a
DTPA-HA 400kDa 7,6%.

Po vytvofeni molekuly 111In-DTPA-HA byla urena jeji stabilita v pufru, plazmé a

Stépitelnost hyaluronidazami.

4.4 Stabilita komplexu *In-DTPA-HA

Pro ovéieni vazby |n na DTPA-HA a Stépitelnosti glykosidickych vazeb v n-
DTPA-HA tedy urceni podobnosti chovani molekuly v organismu s chovanim nativni
molekuly, byl proveden pokus se §tépenim bovinni testikularni hyaluronidazou na molekule
400kDa. 100pl reakéniho roztoku In-DTPA-HA bylo nastifknuto na HPLC
s radiometrickou detekci elu¢niho Casu — Graf ¢.4. Ke zbylé ¢asti reakéniho roztoku byla
pfiddna bovinni testikuldrni hyaluronidaza a celd smés inkubovana pfi teploté 36,5°C po dobu

0,5h. Po této dob¢ bylo opét 100ul této smési nastiiknuto na HPLC pro radiometrické

stanoveni elu¢nich ¢asu Graf ¢.5.

Graf &.4: Reprezentativni HPLC analyza reakéniho roztoku *'In-DTPA-HA po dokondeni
reakce (bez precisteéni)
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Graf &.5: Reprezentativni HPLC analyza reakéniho roztoku “*In-DTPA-HA(bez piecisténi)
po inkubaci 30min s bovinni testikularni hyaluronidazou.

11,933 min. 0,54 ¥

[v]

“oltage

Time [min.]
Wn.DTPA-HA byla vin vitro podminkiach kvantitativnd §tépena na
nizkomolekularni produkty. V tomto sméru lze tedy ptedpokladat stejné chovani molekuly
v podminkéch in vivo. Degradace In-DTPA-HA timto ukazuje na fakt, e v prib&hu
biodistribu¢niho experimentu nebudou sledovany pouze celé nezménéné molekuly, ale

zaroven produkty jeji degradace.

Dale byla stanovena stabilita vSech tfi pfipravenych vzorkd in vitro. Byla porovnana
stabilita standardu pfipravenych podle vyse uvedené metody a smési téchto standarda s 0,2ml
plazmy v poméru 1:1, vSe pfi teploté 37°C. Interval byl stanoven na 24h. Po tomto Case byly
vzorky analyzovany a celkovy podil nizkomolekularni frakce byl stanoven HPLC

s radiometrickou detekci — Graf ¢.6-8, tabulka ¢.3.
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Graf ¢.6: Zkousky stability - HPLC analyza HA 400 inkubovaného 24h pii teploté 37°C -

standard (A), smés standardu s potkani plazmou (B).
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Graf ¢.7: Zkousky stability - HPLC analyza HA 100 inkubovaného 24h pii teploté 37°C -

standard (A), smés standardu s potkani plazmou (B).
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Graf ¢.8: Zkousky stability - HPLC analyza HA 10 inkubovaného 24h pfi teploté 37°C -

standard (A), sm¢s standardu s potkani plazmou (B).
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Tabulka ¢.3: Zkousky stability - Procentualni zastoupeni vysoko a nizkomolekularnich frakci
derivatd " In-DTPA-HA ve standardu (acetatovy pufr pH 5,5) a ve smési standardu s potkani

plazmou 1:1 po inkubaci 24h pii 37°C

HMw frakce®  LMw frakce® HMw frakce® LMw frakce”

Vzorek [%] [%] [%] [%]
HA 400 08 2 56 44
HA 100 97,5 2,5 51 49
HA 10 98 2

“ Procentualni zastoupeni HMw/LMw frakci '''In-DTPA-HA po 24h ve standardu -acetatovy
ufr pH 5,5. (AUC)
Procentudlni zastoupeni HMw/LMw frakci **'In-DTPA-HA po 24h ve smési standardu s
potkani plazmou 1:1 (AUC)

Vysledky stabilit ukazuji na relativni stabilitu molekul. Méné nez 3% se po 24h
Vv prostiedi acetatového pufru pH 5,5 objevila v nizkomolekularni podob¢. Na druhou stranu
jejich stabilita v plazmé v podminkach in vitro je omezena. Vice nez 40% se po 24h objevuje

ve formé€ molekul s nizkou molekulovou hmotnosti.

Tyto nizkomolekularni frakce vznikajici v plazmé jsou pravdépodobné vysledkem
enzymatického 1 neenzymatického Stépeni molekuly. Je doloZeno, Ze 1 plazma obsahuje nizké
koncentrace hyaluronidaz a jinych hyaluronan lyaz, které p¥ispivaji k degradaci 'In-DTPA-

HA. 109100107 75 xastenou degradaci mohou byt zodpovédné také volné kyslikové radikaly.
39)
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5.VYSLEDKY
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5.1 Biodistribuce **In-DTPA-HA

Mnozstvi radioaktivity zméfené pro jednotlivé vzorky HA 10, HA 200, HA 400
v organech a tkanich je uvedeno v tabulkach ¢.4-6. Pro piehlednéjsi vyjadieni mnozstvi
aktivity v prubéhu experimentu v jednotlivych organech byly vytvofeny grafy ¢.9-14.
Vzhledem Kk vyraznému vychytavani radioaktivity jatry bylo grafické znazornéni pribéhu

radioaktivity v tomto organu zobrazeno oddélené.
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organu a % davky na 1 gram tkan¢ (pramér + SD Etyf zvifat)

5 min

Procento davky v celém organu

HA 400

1h

24 h

72 h

Jatra 75.892 £3.527 79.866 £2.197 73.484 £+3.434 66.528 + 2.154
Nadledviny 0.006 + 0.002 0.001 + 0.001 0.002 + 0.000 0.009 + 0.006
Ledviny 1.063 + 0.265 0.170 £ 0.002 0.318 £ 0.052 1.027 £ 0.060
Plice 0.414 £ 0.153 0.070 + 0.008 0.037 + 0.007 0.050 £ 0.012
Srdce 0.044 + 0.011 0.026 + 0.011 0.011 £ 0.002 0.039 + 0.007
Slezina 0.312 £ 0.086 0.320 + 0.069 0.414 £ 0.071 0.427 £ 0.014
Zaludek 0.063 + 0.026 0.109 + 0.134 0.020 + 0.005 0.079 + 0.004
Stieva 0.302 + 0.084 0.132 + 0.026 0.206 + 0.088 0.349 + 0.050
Traénik 0.404 + 0.362 0.307 + 0.293 1.539 £ 1.010 1.125+0.315
Varlata 0.018 £ 0.003 0.027 + 0.007 0.030 + 0.002 0.097 £ 0.019
Stitna zlaza 0.010 + 0.007 0.002 + 0.001 0.002 + 0.000 0.017 £0.016
Mozek 0.012 £ 0.003 0.005 + 0.001 0.002 + 0.001 0.011 + 0.006
Procento davky na 1 gram tkané

Krev 0.211 £ 0.022 0.067 + 0.005 0.012 + 0.001 0.025 + 0.004
Plazma 0.412 £ 0.045 0.125 + 0.003 0.028 + 0.004 0.024 £ 0.012
Slinivka 0.047 + 0.011 0.018 £ 0.002 0.018 + 0.001 0.063 + 0.029
Jatra 9.173 £ 0.620 11.074+1.432 10.610+ 1.567 10.259 = 0.660
Nadledviny 0.088 + 0.024 0.019 + 0.020 0.038 + 0.006 0.136 + 0.080
Ledviny 0.535+0.162 0.087 + 0.007 0.173 £ 0.019 0.598 + 0.014
Kdze 0.011 + 0.004 0.008 + 0.001 0.012 + 0.005 0.032 £ 0.010
Sval 0.005 + 0.002 0.005 + 0.001 0.005 + 0.001 0.024 + 0.005
Tuk 0.015 + 0.006 0.010 + 0.007 0.018 + 0.008 0.081 +0.034
Stehenni kost 0.108 £ 0.014 0.087 + 0.027 0.110 £ 0.011 0.159 + 0.015

Tabulka ¢.4: Mnozstvi HA 400 zmétené v jednotlivych organech potkant - % davky v celém
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organu a % davky na 1 gram tkané (primér + SD Ctyf zvifat)

5 min

Procento davky v celém organu

HA 100

1h

24 h

72 h

Jatra 49.279+2.992 54.074+2171 56.107 £0.595 50.092 + 1.572
Nadledviny 0.011 £ 0.003 0.004 £ 0.000 0.003 + 0.001 0.004 + 0.001
Ledviny 2.563 + 0.440 0.285 + 0.090 0.501 + 0.046 0.817 £ 0.053
Plice 0.579 £+ 0.208 0.172 £ 0.050 0.054 + 0.011 0.055 + 0.005
Srdce 0.158 £ 0.030 0.042 £ 0.009 0.020 £+ 0.003 0.021 £ 0.002
Slezina 0.576 + 0.086 0.898 + 0.121 0.730 £ 0.174 0.650 + 0.181
Zaludek 0.160 £ 0.046 0.108 + 0.044 0.073 £ 0.055 0.051 £ 0.020
Streva 0.823 £ 0.122 0.399 £ 0.075 0.318 £ 0.035 0.197 £ 0.016
Tracénik 0.209 + 0.028 0.111 +£0.023 0.573+0.138 0.722 + 0.502
Varlata 0.066 + 0.009 0.062 + 0.023 0.061 + 0.020 0.070 £ 0.005
Stitna zlaza 0.019 £ 0.010 0.009 £ 0.004 0.004 + 0.001 0.005 + 0.000
Mozek 0.060 £ 0.010 0.012 £ 0.002 0.006 + 0.001 0.007 + 0.001
Procento davky na 1 gram tkané

Krev 0.967 +0.182 0.167 £ 0.036 0.026 + 0.005 0.013 £ 0.002
Plazma 1.880 + 0.385 0.313 £ 0.065 0.048 £ 0.012 0.017 £ 0.001
Slinivka 0.150 + 0.036 0.040 £ 0.015 0.027 + 0.007 0.035 + 0.009
Jatra 5.875 + 0.290 6.834 + 1.356 6.528 + 0.386 6.291 + 0.652
Nadledviny 0.152 £ 0.019 0.053 + 0.006 0.042 + 0.007 0.063 + 0.016
Ledviny 1.334 £ 0.174 0.154 + 0.056 0.240 + 0.020 0.400 £ 0.022
Kize 0.025 + 0.004 0.018 £ 0.005 0.017 £ 0.002 0.022 + 0.004
Sval 0.016 £ 0.003 0.011 £ 0.002 0.010 £ 0.002 0.011 £ 0.002
Tuk 0.034 + 0.008 0.027 £+ 0.009 0.022 + 0.010 0.050 + 0.047
Stehenni kost 0.236 + 0.048 0.220 + 0.067 0.167 + 0.029 0.196 + 0.061

Tabulka ¢.5: Mnozstvi HA 100 zmétené v jednotlivych organech potkant - % davky v celém
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Tabulka €.6: Mnozstvi HA 10 zméfené v jednotlivych organech potkanti - % davky v celém

organu a % davky na 1 gram tkané (primér + SD Ctyf zvifat)

HA 10
5 min 1lh 24 h 72 h

Procento davky v celém organu

Jatra 54132 +8.273 58.966 £+ 6.038 56.047 +15.718 45426 +9.113
Nadledviny 0.020 £ 0.016 0.004 + 0.003 0.009 + 0.011 0.003 + 0.001
Ledviny 8.409 + 6.597 0.658 + 0.274 1.020 £ 0.653 0.536 + 0.081
Plice 0.515+0.169 0.385+ 0.224 0.153 £ 0.135 0.043 + 0.011
Srdce 0.180 + 0.042 0.125+0.072 0.041 +£0.033 0.012 + 0.005
Slezina 1.055 +0.313 1.197 £ 0.174 1.340 + 0.265 1.007 + 0.147
Zaludek 0.684 + 0.841 0.158 £ 0.079 0.127 £ 0.106 0.052 +0.034
Stfeva 1.271 £ 0.607 0.581 £ 0.169 0.754 + 0.431 0.139 £ 0.026
Tracnik 0.380 £ 0.192 0.143 + 0.021 1.017 £ 0.296 0.417 £ 0.199
Varlata 0.106 + 0.045 0.133 £ 0.068 0.128 + 0.099 0.042 + 0.015
Stitna zlaza 0.023 + 0.006 0.039 + 0.046 0.016 £ 0.016 0.002 + 0.001
Mozek 0.076 + 0.030 0.027 £ 0.018 0.024 + 0.026 0.003 + 0.001
Procento davky na 1 gram tkané

Krev 0.942 +0.182 0.440 £ 0.298 0.071 + 0.061 0.009 + 0.003
Plazma 1.680 + 0.367 0.748 £ 0.474 0.111 £ 0.088 0.012 + 0.005
Slinivka 0.260 £ 0.118 0.063 + 0.048 0.078 + 0.065 0.029 + 0.016
Jatra 7.137 £ 0.953 8.348 + 1.390 7.286 + 2.591 6.118 + 2.350
Nadledviny 0.291 £ 0.245 0.062 + 0.043 0.159 + 0.209 0.046 + 0.024
Ledviny 4.863 £ 4.050 0.362 + 0.152 0.581 +0.384 0.293 + 0.054
Kuze 0.074 + 0.020 0.056 + 0.012 0.049 + 0.034 0.021 + 0.007
Sval 0.037 + 0.009 0.039 + 0.026 0.025 + 0.022 0.009 + 0.002
Tuk 0.159 £ 0.170 0.054 +0.013 0.252 + 0.309 0.029 + 0.012
Stehenni kost 0.326 + 0.089 0.277 £ 0.049 0.312+0.115 0.303 £ 0.212

54



Graf ¢.9: Grafické znazornéni zmény radioaktivity v ¢ase pro HA 400 v jednotlivych

organech (% davky na 1 gram tkang)
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Graf ¢.10: Grafické znazornéni zmény radioaktivity v ¢ase pro HA 400 v jatrech (% davky na

1 gram tkan¢)
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Graf ¢.11: Grafické znazornéni zmény radioaktivity v ¢ase pro HA 100 v jednotlivych

organech (% davky na 1 gram tkan¢)
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Graf ¢.12: Grafické znazornéni zmény radioaktivity v ¢ase pro HA 100 v jatrech (% davky na

1 gram tkan¢)
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Graf ¢.13: Grafické znazornéni zmény radioaktivity v case pro HA 10 v jednotlivych

organech (% davky na 1 gram tkang)
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Graf ¢.14: Grafické zndzornéni zmény radioaktivity v case pro HA 10 v jatrech (% davky na 1

gram tkanc)
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5.2 Eliminace ' In-DTPA-HA

Vzhledem k relativné vysokym hodnotam aktivity v ledvinach Smin po aplikaci latky
a pro uplny obraz biodistribuce molekuly, byly provedeny studie eliminace a urceni

molekulové hmotnosti eliminovanych molekul.

Grafy €.15-17 ukazuji kumulativni mnozstvi radioaktivity v moci a ve stolici sbirané
v pribéhu 72h experimentu. Grafy ¢.18-20 ukazuji zastoupeni molekulovych hmotnosti

V moci.

Graf ¢.15: Kumulativni graf vylu€ovani HA 400 po i.v. podani v prib¢hu 72h (% aplikované
davky)
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Graf ¢.16: Kumulativni graf vylu¢ovani HA 100 po i.v. podani v prabéhu 72h (% aplikované
davky)
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Graf ¢.17: Kumulativni graf vyluc¢ovani HA 10 po i.v. podéani v pribéhu 72h (% aplikované
davky)
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Graf ¢.18: HPLC analyza molekulové hmotnosti HA 400 v moci
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Graf ¢.19: HPLC analyza molekulové hmotnosti HA 100 v moci
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Graf ¢.20: HPLC analyza molekulové hmotnosti HA 10 v moci
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5.3 Farmakokinetika *'In-DTPA-HA

Z vysledku biodistribuce a elimina¢nich studii byl pro vypocet farmakokinetickych

parametrit odvozen dvoukompartmentovy model.

Tabulka ¢.7: Hlavni farmakokinetické parametry HA 10, 100, 400.

HA 10 HA 100 HA 400
Distribu¢ni objem centralniho kompartmentu (ml) 8,97 £0,76 11,04 £ 1,07 14,97 £ 1,87
Distribucni objem v rovnovazném stavu (ml) 103,56 + 19,37 175,07 +£ 24,74 58,21 +1,35
Celkova plazmaticka clearance (ml/min) 1,01 £0,23 1,15+0,39 0,25+ 0,04
Polocas distribuce (min) 1,89 £ 0,08 1,66 £0,22 1,22 +0,31

Polocas eliminace (min)

102,39 £ 19,16

143,71 £ 20,76

162,27 £ 21,56

Graf ¢.21: Zavislost zmény koncentrace HA 400 v plazmé v ¢ase — experiment a model

vypocteny programem SAAM 11
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Graf ¢.22: Zavislost zmény koncentrace HA 100 v plazm¢ v ¢ase — experiment a model

vypocteny programem SAAM 11
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Graf ¢.23: Zavislost zmény koncentrace HA 10 v plazmé v Case — experiment a model

vypocteny programem SAAM II
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5.4 Perfuze jater *In-DTPA-HA

Vysledky perfuze jater u vSech tfi molekul a jejich analyza programem SAAM II

ukazuji na kinetiku prvniho fadu (Grafy ¢.24-26). Porovnani parametrii o spocitanych timto

programem podle rovnice C= C;* neukazuje zadny statisticky vyznamny rozdil mezi

vysledky ziskanymi z perfuzatu jednotlivych molekul.

Graf ¢.24: Farmakokinetika perfuze jater - HA 400 — srovnani experimentu a modelu podle

programu SAAM II zavislosti aktivity v perfuzni tekuting na Case
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Graf ¢.25: Farmakokinetika perfuze jater - HA 100 — srovnani experimentu a modelu HA 100

podle programu SAAM II zavislosti aktivity v perfuzni tekutiné na Case
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Graf ¢.26: Farmakokinetika perfuze jater - HA 10 — srovnani experimentu a modelu podle

programu SAAM II zavislosti aktivity v perfuzni tekuting na Case
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Celkova aktivita perfuzatu v ¢ase 10min od zacatku pokusu se u vSech tfi molekul
vyznamné li§i od aktivity dodané do systétmu v case 0. Celkové mnozstvi aktivity

absorbované jatry po 90 minutach experimentu je zobrazeno v grafu €. 27.

66



Graf €. 27: Porovnani celkové aktivity experimentalnich molekul absorbované jatry béhem 90

minut perfuze jater

% aplikované davky na 1 gram tkané

HA 10 HA 100 HA 400

Extrakéni pomér se od 10min do 90min experimentu u HA400 pohyboval od 0% do
8,5% u HA100 od 0% do 14% a u HA10 od 0% do 11%. Tyto hodnoty jsou vSak zatizeny
velkou statistickou chybou vzhledem k tomu, Zze chyba méfeni hodnot srovnavanych v tomto

experimentu se v nékterych pripadech blizi nebo se rovna samotnému extrakénimu pomeéru.

Zludova clearance aktivity vychytané jatry se u viech tfi molekul pohybuje od 0 do
0,0005 ml/min.
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6.DISKUZE
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Biodistribucni studie

Biodistribuce viech t¥ molekulovych hmotnosti **In-HA-DTPA miiZe byt na zakladg
vysledkii charakterizovana dvéma cestami. Velmi rychlym vychytavanim aplikovanych
molekul z krevniho fecisté jatry a eliminaci malych degrada¢nich produktd, vzniklych
pravdépodobnym plisobenim hyaluroniddz, hyaluronan ly4dz a kyslikovych radikald,

ledvinami.

Vice nez jedna polovina podané aktivity HA 10 a 100 a vice nez dv¢ tfetiny aktivity
HA 400 byly vychytany jatry béhem prvnich péti minut experimentu. Do jedné hodiny od
zacatku se aktivita v jatrech mirné zvySovala a v delSich casovych intervalech byla

zaznamenana vysoka retence aktivity v tomto orgdnu.

Vychytavani radioaktivity jatry mize byt vysledkem nékolika mechanismt popsanych
McGarym. 52) Je pravdépodobné, Ze vysokomolekularni frakce **'In-DTPA-HA jsou §tdpeny
uvnité jaternich endotelidlnich bunék hyaluronidazami na mensi fragmenty velikosti
oligosacharidii. Na zakladé experimentd z literatury s izotopy *H nebo *C vime, Ze takto
znacena HA byla Stépena a produkty jeji degradace byly dale redistribuovany do jinych
organt a tkani. 20)59) Tyto vysledky jsou v ostrém kontrastu k vysledkiim ziskanym v prabéhu
naseho experimentu. Zakladni pfi¢inou vyrazng delsi kumulace molekul HA znagenych *In-
DTPA v jatrech miZe byt pravé modifikace fetézce HA. Vysledky naznacuji, Ze tato
modifikace ligandem 'In-DTPA ovlivnila dalsi redistribuci metaboliti. Jak je jiz zmin&no
v ivodu, zékladni rozdil mezi HA znaenou *H nebo *C a *!In-DTPA je vysledna polarita
vzniklé molekuly. Zatimco u prvnich dvou izotopii je prakticky nezménéna, vazba "In-
DTPA polaritu vyrazné zvySuje a mize tedy negativné ovlivilovat transport metaboliti vné
buiiky. Radioaktivng znadené fragmenty vzniklé $tdpenim ''In-DTPA-HA (*In-DTPA-
fragment, pfipadné 1 odstépeny Yn-DTPA fragment) jsou natolik polarni, Ze nemohou
pronikat pfes biologické membrany a proto tyto produkty Stépeni zlstavaji dlouhodobé
kumulovany v misté §tépeni (pfedevsim v jatrech). Experimenty, jejichz cilem bylo stanovit
molekulovou hmotnost fragmenti 1n-DTPA-HA v jatrech, nebyly uspésné, protoze se
nepodafilo za pouzitych experimentalnich podminek pfevést vyznamny podil aktivity
homogenatu do vodné faze. Radioaktivné znacené s§tépy HA byly totiz silné vazany na
konstitu¢ni slozky jaterni tkan¢ a pouziti agresivnich postupi pro jejich uvolnéni z této vazby

by mohlo vyznamné ovlivnit velikost 1 strukturu produktii metabolizmu HA.
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Eliminacni studie

Z kumulativnich vysledkd vylu¢ovani HA 10, 100, 400 je viditelna ptevazujici renalni
exkrece vsech tii latek. Z porovnani s grafy biodistribuce vyplyva, Ze nejveétsi ¢ast eliminace
ledvinami probéhla v kratkych Casovych intervalech tedy do dvou hodin od podani vzorkd,
kdy ledviny ve srovnani S jinymi organy (kromé¢ jater) vykazuji vysoky nartst radioaktivity.
Lze predpokladat, ze molekuly, které nebyly vychytany jatry, byly v krvi degradovany na

produkty o niz§i molekulové hmotnosti a nasledné eliminovany renalni exkreci.

Nasledna analyza (Grafy ¢.18-20) potvrzuje nizkomolekularni produkty v moci. Jejich
puvod mize byt dvojiho, v ptipadé HA 10 trojiho charakteru. 1. Nizkomolekularni produkty

vznikajici §t8penim ptvodniho fetdzce, 2. Negistoty typu **'In DTPA nebo **

In, které jsou
obsazeny v aplikovanych vzorcich v mnozstvi 2 - 4% a za 3. v piipadé¢ HA 10 se podle

elu¢niho ¢asu prvniho peaku muize jednat o ptivodni latku, tedy 1 n-DTPA-HA 10kDa.

Podle vysledkii eliminace a aktivity ve stievech se vyluGovani *'In-DTPA-HA d&je i

ptes GIT ovSem vyrazné niz8i mérou.

Vylucovani HA GIT a rendlni exkreci bylo potvrzeno i v jinych publikacich
sledujicich biodistribuci HA. Celkové mnozstvi aktivity vylouené pfi naSem experimentu je

vSak v porovndni s témito vysledky vyssi. 59)100)

Farmakokinetika

Vysledky farmakokinetické studie odpovidaji dvoukompartmentovému modelu
s rychlou distribuci latek z hlavniho do vedlejSiho kompartmentu a pomalou eliminaci latek
ze systému. VSechny tfi zkoumané latky vykazuji z farmakokinetického hlediska jiné
chovani, nez je zminéno v tvodu, tedy nelze pro né pouzit jednokompartmentovy nelinearni

model Michaelise-Mentenové.
Rychly polocas distribuce z hlavniho do vedlejSiho kompartmentu stejné jako vysoky

distribu¢ni objem v rovnovazném stavu u vsech tii molekul odpovid4 rychlému vychytavani

Z krevniho ob¢hu a vysokym procentim aktivity v jatrech pozorovanych v kratkych casovych
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intervalech biodistribu¢ni studie. Vyrazna aktivita v jatrech v dlouhych intervalech (24, 72h)

je v souladu s vypocitanymi dlouhymi elimina¢nimi polocasy.

Porovnani vlivu molekulové hmotnosti na farmakokinetické parametry bylo
provedeno vzajemnym statistickym porovnanim parametri o, . To vedlo ke zjisténi, ze
mezi kinetikou zkoumanych molekul neexistuje statisticky vyznamny rozdil. Pokud toto
zjisténi srovname s vysledky biodistribuce, kde jsou jatra hlavnim organem podilejicim se na
snizeni aktivity v krvi béhem distribu¢ni faze, zjistime, ze i pfes to, Ze je kinetika distribucni a
eliminacni faze stejna pro vSechny tii molekuly, je celkové mnozstvi HA 400 vychytané jatry
témet o 25% vyssi (pocitano na celkovou aktivitu v orgdnu), za stejny ¢asovy interval, nez u

zbyvajicich dvou molekul.

Stejn¢ tak je zajimavé vzajemné srovnani celkové plazmatické clearance a
distribu¢niho objemu v rovnovazném stavu vsech tii molekul. Pfesto, Ze by se dalo na zaklad¢
vysledkt biodistribuce ocekavat, ze distribucni objem v rovnovdzném stavu bude nejvyssi pro
HA 400 neni tomu tak. Detailnéj$i rozbor vysledka biodistribuce odhali, ze HA 100 a HA 10
jsou oproti HA 400 ve vyssi mife distribuovany i do jinych organt neZ jsou jatra.
V eliminaéni f4zi potom pravdépodobné dochazi k tomu, ze zatimco HA400 nebo jeji
fragmenty jsou redistribuovany a vyskytuji se tedy ve vysSich koncentracich v plazmé a
snizuji tak zminény distribu¢ni objem, k redistribuci HA 100 a HA 10 v takové mife zdaleka

nedochazi a jejich distribu¢ni objemy jsou vyssi.

Pfi analyze farmakokinetického chovani HA je nezbytné brat v uvahu fakt, Ze
farmakokinetické parametry byly stanoveny z celkové aktivity !In v plazms. P¥itom
v plazm¢é muze byt pfitomna nejen ptvodni latka, ale i jeji fragmenty a vzajemny pomér
jednotlivych radioaktivné znacenych forem se bude s Casem menit. Tento fakt jeSté vice
komplikuje interpretaci dosaZenych vysledkli i tvorbu jednoznacnych zavérd o vlivu

molekulové hmotnosti na farmakokinetické chovani HA.

Perfuze jater
Celkova aktivita perfuzatu v ¢ase 10min od zacatku pokusu se u vSech tii molekul
vyznamné 1i8i od aktivity dodané do systému v Case 0. Pokud budeme vychazet z vysledkli

biodistribuce a farmakokinetiky pak i v pfipadé perfuze jater in situ dochazi v prub&hu
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nékolika minut od zacatku experimentu Kk pravdépodobnému nasyceni transportnich
mechanismi pro HA. Nasledny linearni prubéh poklesu aktivity viditelny z grafi ¢. 24-26 je
pravdépodobné kombinaci n€kolika déju, jako napi. piechod HA z perfuzni tekutiny do jater,

&astetny navrat produktd §tdpeni HA v jatrech zp&t do perfuzni tekutiny.
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Vysledky ziskané v této praci vytvorily komplexni obraz pohybu a chovani zkoumané
"In-DTPA-HA o tfech riznych Mw v podminkach in vivo. Porovnaly zavislost Mw na
chovani latky a zaroven odhalily nékteré rozdily v chovani nami pouzité molekuly
s molekulami pouzitymi v jinych pokusech a vytvofily mozné hypotézy diavodu tohoto

odlisného chovani.

V uvodu bylo zjiSténo, ze stabilita pouzité molekuly je dostateCnd a umoziuje

ziskavani reprodukovatelnych vysledki.

Zakladni ptfedpoklad biodistribuce nami pouzitych molekul a to rychlé vychytdvani
molekul s vy$si Mw jatry se potvrdil i v naSem experimentu. Odhalil zakladni rozdil mezi
souCasnymi znalostmi o distribuci molekul znacenych *H nebo C a ™In-DTPA-HA,
spoCivajici ve vyrazné delsi dobé setrvani ndmi zkoumané latky v jatrech a absence
redistribuce do jinych tkéni nebo rychlé eliminace. Déle prokdzal, ze biodistribuce latky

s vy$si Mw (400kDa) se odlisuje od molekul s nizs§i Mw (10 a 100kDa).

Dvoukompartmentovy  farmakokineticky =~ model  pouzity  pro  vypocet
farmakokinetickych parametrii viech tii molekulovych hmotnosti **'In-DTPA-HA ukazal, Ze
pres to, ze se distribu¢ni objem v rovnovazném stavu a plazmaticka clearance latky s vyssi
Mw (400kDa) odlisuje od molekul snizsi Mw (10 a 100kDa), maji vSechny tfi molekuly

stejny pribéh distribucni a eliminacéni faze.

Vysledky perfuze jater maji opét stejny prubéh pro vSechny tii pouzité molekulové
hmotnosti. Pravdépodobné rychlé vychytani tIn-DTPA-HA ze systému nasleduje faze
s kinetikou, ktera by se dala popsat jako pseudonultého fadu s pfedpokladanou redistribuci

fragmentt Wn-DTPA-HA z jaternich buné€k do perfuzni tekutiny a zpét.
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Disertacni prace se zabyva studiem biodistribuce a farmakokinetiky hyaluronové
kyseliny znacené izotopem ina moznych rozdila v zévislosti na molekulové hmotnosti HA.
HA je v organismech piirozené se vyskytujici glykosaminoglykan s fadou dulezitych funkci
jak na organové, tak na bunécné urovni, pii fyziologickych i1 patologickych dé&jich. Jeji
charakter fyziologické latky zaroven velmi znesnadiiuje moznosti jejiho sledovani v
organismu. Vytvofenim vhodného derivatu a reprodukovatelného postupu znaceni této

molekuly izotopem se stalo st€Zejnim bodem celé prace.

V experimentalni ¢asti byla molekula DTPA-HA, vytvofena na pracovisti spole¢nosti
CPN Dolni Dobroué, znafena znamou metodou pouZivanou b&Zn& pro vazbu *!In na
molekulu DTPA. Byl vytvoien reprodukovatelny postup, pii kterém je 0,4M acetatovy pufr
pH 5,5 smichéan se stejnym objemem, gelovou filtraci piecisténé, DTPA-HA a pozadovanym

mnozZstvim izotopu '

In a cela smés je michana 0,5h. Takto byly znaceny molekuly DTPA-
HA o tfech molekulovych hmotnostech 10, 100 a 400kDa, které se ukazaly byt dostatecné

stabilni a vlastnostmi podobné nativni HA.

S vytvotenymi HA 10, 100 a 400 byly provedeny biodistribu¢ni, farmakokinetické a

eliminacni studie a perfuze jater in situ.

Biodistribuce ukazala podobné chovani vSech tii sledovanych molekulovych
hmotnosti. U vSech se objevilo rychlé vychytavani z krevniho ob&hu jatry a pomald eliminace

z organizmu. S vyssi molekulovou hmotnosti bylo vychytavani kvantitativné;si.

Pro vypocet farmakokinetickych parametri byl pouzit dvoukompartmentovy model.
Vysledky ukazuji na rychlou distribu¢ni a velmi pomalou elimina¢ni fazi, kde s molekulovou
hmotnosti roste distribu¢ni objem centralniho kompartmentu a polo€as eliminace a naopak

klesa polocas distribuce a plazmatické clearance.

Eliminace vSech tff molekul probé&hla prevazné rendlné€ jen s velmi malym piispénim
GIT. HPLC analyza Mw HA nalezené¢ v moc¢i odpovidala nizkomolekularnim fragmenttim.
Pouze v piipadé HA 10 se objevil peak, ve stejném elucnim case jako u standardu této

molekuly.
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Pti perfuzi jater doSlo béhem prvnich 10 minut k vychytani velkého podilu aktivity

jatry a naslednd faze ukazuje kinetiku prvniho tadu.
Ziskané vysledky byly pouzity pro dalsi vyzkum v ramci oddéleni radiofarmak

farmaceutické fakulty UK a dale pro dalsi vyzkum v ramci spoluprace se spolecnosti CPN,

Dolni Dobroug, za jejiz podpory byl tento vyzkum proveden.
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This PhD thesis, is dealing with physiological properties of Hyaluronic Acid labelled
with **In isotope. HA is naturally occurring Glycosaminoglycan within organisms with many
important functions on the cellular and organ level, including physiological and pathological
processes. Its character of physiologically occurring substance makes its tracing in the
organism very difficult. Thus preparation of suitable derivative and repeatable procedure of

labelling of this molecule became the most important point of the whole work.

During the experimental part DTPA-HA molecule created by CPN Dolni Dobrou¢ has
been labelled using well-known method used for labelling of DTPA molecules with *!In. A
reproducible procedure has been created where 0,4 M Acetate buffer pH 5,5 is mixed with an
equal volume of DTPA-HA purified by gel filtration and required amount of isotope ***In and
the whole mixture is mixed for 0,5 h. This method was used for labelling of DTPA-HA
molecules of three different molecular weights 10, 100 and 400kDa, which proved to be

sufficiently stable and having properties of native HA.

Newly created HA 10, 100 and 400 were used for biodistributional, pharmacokinetic

and elimination studies and for liver perfusion in situ.

Biodistribution revealed the same behaviour of all three examined molecular weights.
A rapid uptake by liver from circulation and slow elimination from organism appeared. With

higher molecular weight uptake was more quantitative.

Two-compartment model was used for calculation of pharmacokinetic parameters.
Results show fast biodistribution phase and slow elimination phase, where with increasing
molecular weight the volume of central compartment and elimination half-life grows and on

the contrary distribution half-life and plasma clearance are getting lower.

Elimination of all three molecules was mostly renal with only small contribution of
GIT. HPLC analysis of Mw of HA recovered from urine corresponded to low molecular
weight fragments. Only for HA 10 a peak appeared with the same elution time as for the
standard.

A huge amount of activity was taken up by liver within first ten minutes of liver

perfusion. The following phase corresponded to the first order kinetics.
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The results obtained were used for further research in the department of
radiopharmacy of Faculty of Pharmacy, Charles University, and for further research in
collaboration with the Contipro C a.s., Dolni Dobrou¢, which supported the conduct of this

research.
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SOUHRN

Fyziologie a far: gie kyseliny hyaluronové

Kyselina hyalurunovid tvofi jednu z hlavnich sloZek extracelularni matrix, jeji fyzikdlné-chemické
4 biologické viastnosti ukacuji na Siroké spektrum moZnost vyuZiti této molekuly jak v priimyslu,
tak Iékafskych védach. Tato pichlednd prace prezentuje soucasné znalosti 2 vyzkumu kyseliny hya-
luronové, popisuje zdkladni chovini pii fyziologickych, patologickych procesech stejné jako jeji
hlavai farmakoekinetické a tarmakoedynamicke vlastnosti.

Kli¢ova slova: kyselina hyaluronovd — biodistribuce — farmakokinetika — hojeni ran

Ces. slov. Farm., 2007; 56, 264-268

SUMMARY

Physiology and pharmacology of hyaluronic acid

Hyzaluronic acid represents one of the main components of the extracellular matrices. Its
physicai-chemical and biological properties offer & wide specirum of use of this molecule. both
in industry and medical sciences. The review paper presents our contemporary knowledge
wained in the research of hyaluronic acid, describing ity principal behaviour in physiological and
pathological processes as well as its principal pharmacokinetic and pharmacodynamic

propertics.

Key words: hyaluronic acid - biodistribution — pharmacokingtics — wound healing

Ces. slov. Farm., 2007; 56, 264-268

Kyselina hyaluronova (HA) je mnohdy povaZovina
pouze za molekulu extracelularni matrix. Minuly
a souCasny vyzkum viak objevuje stile nové a nové
funkce této molekuly jak na bunééné. tak na orgdnové
arovni.

Viechny ziskané znalosti o této molekule poukazuji
na to. 7e HA je molekula velkého vyznamu, Je nutna pro
spravnou funkci lidského organizmu. Jeji viudypfitom-
nost a ucast na celé fadeé biologickych procesi. jako jsou
angiogeneze. migrace a proliferace rizaych bun&Znych
typll, G€ast na zan&tlivych procesech, procesech hojeni
ran a dal3ich, ukazuje na celou fadu moZnosti vyuZiti této
molekuly jako léCive latky.

Doposud viak existuje celd fada otizek o této mole-
kule. které nebyly objasnény. Jednd se piredeviim o otlaz-
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Mgr. Evien Svanovsky

U Vodarny 6. 678 01 Biansko
c-mail; evsva@seznam.cz
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ky wmechanizmu ufinku na buné&né drovni, pfesné
mechanizmy a role HA pfi hojeni ran a v neposledni fadé
také jeji vliv na tumorogenezi a metastatickou aktivitu
nadorovych bunék.

Diky svym unikdtnim vlastnostem nasla HA jiZz fadu
uplatnéni v nejraznéjiich medicinskych odvétvich.
V revmatologii, oftalmologii, diabetologii, farmaceutic-
ké technologii a daliich oblastech, napfiklad pii hojeni
ran.

Jeji potencidl co by 1é¢ivé latky je veliky a moZnosti
daldiho vyuZiti pfi terapii chorob jsou stile pfedmeétem
zkoumnini. Stejné tak jsou zkoumany moZnosti jejiho
vyuZiti jakoZto farmaceutického poloproduktu pro tvor-
bu novych derivati s vlastnostmi nosicd terapeutickych
Tatek.

CESKA A SLOVENSKA FARMACIE, 2007, 56, &. 6
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Soucasny vizkum a moZnosti terapeutického vyuziti
kyseliny hyaluronové

Dines uz si HA naila svoje misto v fadé raznych léceb-
nych postup a na datfich moZnostech jejiho vyuZi se
v soucasnosti pracuje. V niZe uvedené kapitole jsou zmi-
nény hlavni moZnost jejiho vyuziti a také nékteré indi-
kace. ve kterych se jiz vyuZivi.

Jednou £ nejvyznamngjSich snah o vyuZiti HA je
vytvofeni deriviatu pro tvorbu mikrokapsli ke 2vySeni
biclogické dostupnosti nékteryceh 1€¢iv, Vlastnosti 18chto
derivath HA vylepduji jeji biokompatibilitu. Lipofilni
vlastnosti usnadiiuji pronik biologickymi membranami
a zvySuji schopnost jeji biodegradace '

Vyhadné je pouZiti HA v kosmetice a kosmetické chi-
rurgii. Jako fysiologicka komponenta tkani nema velké
neZidouci i¢inky a shoda v chemickém sloZeni HA pro-
dukovuné streptokoky s lidskou, umoZiuje jeji aplikaci
bez pfedchoziho testovini bezpecnosti na zvifatech. HA
je v této oblasti vyuzivana zejména pro vyhlazovini vri-
sek a zvéSovani ni. Ma ké své vyhody pro pacienty
odmilajici chirurgicky zakrok. HA se aplikuje jako der-
malni injekce jen s pouZitim anestetického gelu apliko-
vaného pied zikrokem -'.

DaleZitou indikaci pro pouZiti HA je osteoartritida.
V této indikaci se pouzivaji pfedevdim intraartikuldrni
injekce. Vehledem k tomu. Ze distribuce HA do klou-
bu po intravendznim. nebo perorilnim podani neni
dostateéné potvrzena, ma intraartikuldrni aplikace své
opodstatnéni. Byl porovndvdn pfinos 1écby intraarti-
kularni injekci HA s 1é¢bou kortikosteroidy nebo
NSA ' Intraartikulirng poddvané injekce HA poui-
vané pfi klinickém vyzkumu terapie osteoatritidy se
Casto i3 v molekulové hmotnosti. Rozdil v aéinku
HA o nizké a vysoké molekulové hmotnosti (M) je
zfejmy. Zda se. Ze druhd jmenovand HA je efcktivngi-
8i pfi redukoviani projevli zanétu kloubu a pii obnové
viskozily synovidlni tekutiny. Ne viechny studie viak
naznacuji totéz a je té€Zké mezi nimi porovnavat. Mno-
ho 1ékaft hodnoti lépe HA o vysoké M, jako 1épe sni-
Zujici bolestivost osteoariritického kloubu. Pfesny
mechanizmus Géinku HA obou M v kloubni St&rbiné
neni bohuzel dosud objasnén. Je viak zndmo, Ze zde
snizuje celkovou produkei oxidu dusnatého a PGE?2.
Proto je HA vyuzitelna nejen jako viskoclasticky &ini-
tel. ale ke jako biologicky aktivni litka pro terapii
osteoartritidy *.

Zdi se, Ze odpovéd postizeného kloubu na terapii HA
Je obdobnd jako odpovéd na terapii kortikosteroidy.
Nevyhodou HA stdle zistavid zplsob aplikace pro G¢in-
nou léCbu. Intraartikulirni injekce neni piijatelnym fese-
nim pro viechny pacienty . Je viak zfeymé, Ze celkové
nezidouci UCinky vyvolané HA jsou a budou podstatng
nizii nez 1y vyvolané dlouhodobym poddvanim kortiko-
sterondi nebo nesteroidnich antiflogistik.

Role hyaluronanu sodného v hojeni ran je v soucasné
dobé jiz dobfe zndmu a byla prokidzina klinickou studii
prevedenou v Ceské republice prof, Sobotkou s priprav-
kem Hyiodine *'. HA ma pfi hojeni run razného pivodu
fadu aginkil. a 10 pfi viech fizich hojeni riny: zangw,
formaci granulacni tkdné a reepitelizaci. PFi zan&tlivé

CESKA A SLOVENSKA FARMACIE, 2007, 56, &. 6

fizi je produkce HA obydejné zvySena a bylo prokazino,
Ze exogenné podand HA zvySuje produkei nékierych
citekin( podporujicich migraci prozangtlivé pilsobicich
bunék do mista zanétu. PFi tvorbé granulacni tkané HA
uplatfiuje svoji schopnosti vytvdfet matrix nutnou pro
migraci a zachytavani bunék v misté defektu. Mimo vliv
na migraci pfi (vorbé granulani tkdn& podporuje jeji
tvorbu také zvySenou angiogenezi. Reepitelizace probiha
taktéz za pritcmnosti HA a je podporovina jeji schop-
nosti tvorby nutného extracelularniho matrix. K celkové-
mu zaceleni defektu také pfispivaji schopnosti HA jako
vychytivace volnych radikalii ®.

Fyziologické funkce kyseliny hyaluronové

HA jc lincirni glykosaminoglykan sloZzeny z jednotek
disacharidii tvofenych kyselinou glukuronovou a N-ace-
tylglukosaminem. Jeho molekulova hmotnost se 1is{ pod-
le typu kang, ve které sc nachidzi. Zaujima velky pro-
strovy objem a je chopen poimout velké mnoZstvi
vody ™.

¥ Zivych organizmech je HA viudypfitomna u je p¥i-
rozenou souddsti télesnych tekutin a tkdni. Je hojné pii-
tomna v téle a je syntetizovina fadou bunék. Normalni
hladina HA v plazmé je nizkd (300 ng/ml u élovéka) a je
10x niZ3i nez hladina v lymf& ™,

HA tvofi vysoce hydratovany obal kolem mnoha
buné&nych typl ». Nejvysdi koncentrace HA se objevuji
v synovidlni tekuting, sklivei, kGZi a v mistech jeji degra-
dace, jatrech 4 slinivee '™,

Jeji celkové mnoZstvi v lidském organizmu je odhado-
vinoasinal5g '

HA ma v orgunizmu mnoho fyziologickych funkci a tyto
se li%i v zavislosti na typu tkdng, ve které se uplatiiuji,

HA slouZi v tkini jako molekula vytvafejici odpor
vodé a tekutinam proudicim extraceluldrnim prostorem.
Podili se na udrZeni osmotického tlaku. Na zdkladé své
konformace stéricky vytlatuje nékteré molekuly « pro-
storu, ktery sama zaujimd. a v neposledni fadg se podili
na regulaci molekulirniho transportu, kde pasobi jako
jakési sito pro postupné propouténi molekul o rizné
molekulové himotnosti '3,

Udrzuje vodu, zachovava extruceluldarni prostor
a zprostiedkoviva transpert jontd a nutriénich ldwek.
Ddle se podili na zvlihéovini stratum corpeum a udrio-
vani jeji flexibility 'V, Je vyznamnou soucasti synovidl-
ni tekutiny . V kloubu udriuje sprivnou lubrikaci
chrupavky, a tim jeho spravnou funkei ", HA také regu-
luje funkce granulocytll, ovliviiuje oxydativni poskoze-
ni tkani, je endogenni stimulitorem produkcee fady cyto-
kinil, reguluje rychlost produkee endotelidlnich bunék
a fibroblasti '™,

Oligosachuridy HA indukuji angiogenczu v pokoi-
ce 'LV oneposledni Fadé podporuje HA také tumorogeni-
¢itu, bunéénou proliferact a migraci 7 '

Uloha kyseliny hvaluronové pii patelogickych déjich

Mimo zminéné fyziologické funkee je HA piitomna
tak¢ fady patologickych d&ji, jejichz priibeh ize odha-
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lit na zikladé zmén jeji koncentrace v krvi, nebo na
zikladé piitomnosti jejich fragmentd a degrada&nich
produkta,

Meczi tyto patelogicke déje patfi pfedeviim revmatoid-
ni artritida, fibrdza nebo jind onemocnéni jater a nékteré
dal3i zinétlivé procesy v lidském organizmu.

HA obsaZena v synovialni tekuting je schopna inhibo-
vat migraci. chemotaxi, fagocytézu a adherenci leukocy-
ta. Mize také ovlivnit produkei fady mediator zdanétli-
vych procesit obsaZzenych v synovidlni tekuting. Stejné
Jako ma soudast HA kyselina D-glukuronovi schopnost
pasobit jako scavenger.

Strukturni zmény HA tykajici se napifklad délky jeji-
ho fetézce. mohou mit vyrazny vyznam na funkce syno-
vidlni tekutiny, jako jsou absorpee ndarazu. rozptyleni
energie pii traumatu a konzervace a lubrikace chrupavky.
Pil patologickych stavech nastivda zména ve sloZeni
a velikosti molekuly HA *".

Pfi revmatoidni artritidé jsou v krvi pacienta nachdze-
ny antigenni komplexy vznikajici vazbou malych mole-
kul HA na pretildtky typu [gG. Tyto malé molekuly vzni-
kuji diky degradaci valkych maolekul volnynu radikaly
produkovanymi neutrofilnimi granulocyty a monocyty.
které revmaticky kloub infiltruji. Vysokomolekuliami
HA nutnd pro lubrikaci kloubni chrupavky je produkowvi-
na jen zdravymi butikami, zatimco kloubni tkan infiltro-
vand monocyty a neutrofily produkuje pouze molekuly
o male molekulové hmotnosti. Degradace HA pak vede
k masivnimu uvolnéni volnych radikidli. Vychytdvace
radikild (scavengery) chedni HA pFed degradaci v syno-
vidlni tekuting, a zlepSuji tuk stav revimatického klou-
bu 2

HA je mimo osteoartritidy také markerem poskozeni
Jater (¢irhdza, fibroza véetné daliich pofkozeni zpusobe-
nych virovym onemocnénim nebo pisobenim xenogen-
nich hitek) a biliarni atrézie. Indikace je moZna diky
tomu. e za normdlnich podminck je 90 % HA degrado-
vino jaternimi endotelialnimi bufikami. PFi jejich poko-
zeni se toto procento sniZuje a dojde ke zvyieni plazma-
tické koncentrace HA. Nu ziklad¢ statistik je potvrzeno,
Ze plazmatické koncentrace HA koreluji s plazmaticky-
mi koncentracemi bilirubinu. Plazmatickd koncentrace
HA v téchto pfipadech vypovidd pouze o stavu jaterni
fibrozy a nikoli o stavu jaternich funkci 2>

Mimo svoii roli pii patologii revmatoidni artritidy
a polkozeni jater, ma HA velky vliv také pfi kancero-
gennim procesu. Interakei se specifickym CD44 recepto-
rem indukuje HA buné&&nou motilitu, facilitovanou inva-
zi rakovinnych bunék a indukuje angiogenezi .

Farmakodynamika kyseliny hyaluronové

Pii zminénych procesech je afinek HA na bunééné
urovni a nasledng i na drovni tkanové a organové, zpro-
stfedkovan vazbou na charakteristické receptory. Pro
svoji vazbu vyuZivi HA mimo jiné i receptory pro
chondroitin sultat .

Hlavni receptor pro HA je molekula CD44

CD44 je transmembranovy rcceptor viudypfitomny
v lidském (€le. Je spojen s G-proteinem a celou Fadou
kinas. které zprostfcdkovivaji jeho odpovéd. Vazba HA
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na tento receptor vede k celé fadé bunéénych odpovédi.
jako jsou pfilnavost, organizace a obrat extraceluldarni
matrix na povrchu bunééné membrdny a zprostfedkovini
migrace lymfocyti v prob&hu zanétu. Tento receptor
miZe existoval v celé fadé izoforem .

Jednim z receptort, kiery se svoji funkei a expresi
podoba CD44., je RHAMM. Oba receptory, juk CD44.,
tak RHAMM, se podileji na regulaci pfenosu bunéénych
signald 7.

Farmakokinetické parametry kyseliny hyaluronové

Farmakokinetické parametry HA jsou v soufasné
dobé prostudovany jen omezen&. HA nenese na povrchu
Zadné antigenni struktury a jeji slaba odolnost vigi fyzi-
kilnim vlivim (vysoké. nizké pH, vysoka teplota), klade
znacné narocné podminky pro jeji sledovani v organiz-
mu,

Znamy je predeviim distribuéni objem HA, ktery je
u Slovéka asi S.4 12, a plazmaticky polocas, ktery se
pohybuje od 3.5 do 6.0 min ™.

Absorpce

Topickd aplikace HA jako hydrofilni molekuly a jcji
prinik pfes silng lipofilni stratum corneum by se mohla
jevit obtiznou. Aviak HA je schopny se v uréitych pEipa-
dech pfiblizit amhfilni povaze a proniknout i do hlubgich
vrstev pokoZky . Pritemz pokoZkou je HA ransporto-
vana zejména difuzi *".

Podle dalgich studii nezdvisi pasaz HA pies pokoZzku
pouze na pasivnim transportu, ale maie byt zprostiedko-
van i aktivnimi formami transportu.

Timto zplsobem pronika HA pies pokoZku uZ do obé-
hu, kde se objevuje asi po 30 minutich od aplikace *".

Subkutdnné podana HA, znaceni '“-tyramincellobio-
sa, do zadni nohy kralika se nejprve koncentruje v pokoz-
ce v misté vpichu. Men3i koncentrace se objevuji zejmé-
na v jatrech a lymfatické uzlin& na strané vpichu. Po 48
hodindiich se pomér méni. koncentrace v pokoZce se sni-
Zuje a Koncentrace v jatrech mirné stoupd. HA je po vpi-
chu stile degradovana na nizkomelekuldrni fragmenty **.

Intraperitoneilni podani HA ovliviuje rovnovahu
transperitonedlné pfendfenych proteinii a méni permea-
bilitu intersticia **.

Vstiebdvani HA po perordlnim podini neni dosud pfi-
1i§ zndmé. Na zakladé pokusu se znatenou ""Te-HA na
potkanech mGZeme vvaZovat o jeji absorpei ze stievniho
lumen, vzhledem k aktivité mé&fené v krvi. svalech, slin-
nych Zlazach a kostech. ramennich kloubech a patefi .
Mechanizmus absorpee HA ze stfeva neni viak dosud
Znam.

Pro intravenozni podani plati, Ze farmakokinetické
parametry jako clearance. distribuce a plazmaticky polo-
cas jsou ovlivnény celkovou ptazmatickou koncentraci
HA a celkovym pratokem krve jatry *'.

Nejvyssi koncentrace v krvi se objevuji b&hem prvni
hodiny. HA je poté z plazmy vychytdvdina do ostatnich
tkdani prvky RES. Ctyfi hodiny od podani je nejvyiii
koncentrace v jditrech. slezing, kostni dfeni a lymtatic-
kych uzlinich v periternich oblastech.
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¥V malych koncentracich mbZe byt exogenné podana
HA nalezena také v ledvindch. plicich. nadledvinach
nebo kosternim svalstvu '

Biotransformace

Samotna biotransformace HA probiha riznymi zpiso-
by a na raznych mistech. NejCast&j$im mistem biodegra-
dace HA jsou zmiflovand jatra. a to zejména pii parcnte-
rilnich zplsobech poddni. Topické podani naopak
vykazuje degradaci jiz v pokozce *'".

Katabolizmus HA zahrnuje degradaci jejiho polysa-
charidového fetézce na monomery, které jsou dile utili-
zovany jinym ikdnémi ¥,

HA je vychytavana z ob&hu pfevdZné neparenchyma-
tickou frakei jaternich bunék. Endotelidlni buitky degra-
duji HA aZ na nizkomolekularni produkty 7.

Vychytivani a degradace HA jsou zplsobeny schop-
nosti bunék vazat HA pomoci receptori nékolika typii .
Jsou 10 transmembrinové receptory (CD44. RHAMM)
a nékteré daldi (HABP, LYVE. LAIYLIN, ICAM,
VCAM).

Schopnost jaternich endotelidlnich bunék endocytovat
HA neni Cisté specifickd pro HA, vehledem k tomu, Ze
¢ stejny mechanizmus soutézi také chondroitin a hepa-
rin ™.

Degradace HA je nasledné zprostiedkovéana enzyma-
ticky. Na tomte déji se podileji jak enzymy specificke
pro HA — hyaluronidasy, kterych je nékolik podtypi. tak
cnzymy podilejici se i na jinych déjich — glukuronidasy.
glykosidasy a nékteré dalsi ™.

V epidermis (topické poddni} je obrat HA rtaktéz
rychly. Keratinocyty v monokultuie si ponechdvaji &ist
HA jako sougdst bun&cné vrstvy, ¢dst na povrchu plaz-
matické membriny a gast v intracelulirnim kompart-
mentu M.

V o synovidlni tekuting je obrat HA zdvisly na velikosti
molekuly. Zatimco velké molekuly setrvivaji v synovidl-
ni §té€rbing, malé molekuly jsou odsouviany a degradova-
ny "

Degradacnimi produkty tvoiené po Gpiné degradaci se
pfi analyze chovaji jako lukldty a acetdty. MaZeme tedy
Fici. Z¢ metabolizmus HA je v souladu s metabolizmem
acetylovych skupin pfes acetyl-CoA ™ 7!

Exkrece HA je pfevdzné extrarenalni *" a je limitova-
na molekulovou hmotnosti molekuly =,

ZAVER

Informace ziskané a uvedené v omto ¢lanku jsou
vysledkem nékolikaleté védecké &innosti riznych praco-
vist zabyvajicich se vyzkumem této latky. | pfesto je cela
fada olizek o HA dosud nezodpovézena. Zajimavé
budeu zejména odpovédi na tunkcei a vulohe HA a jejich
degradacnich produktd pii tumorogenezi a metastatické
aktivité nadorovych bunék. Zcela objasnén neni také vliv
molekulové hmotnosti HA pfi rlznyceh fyziologickych
i patofyziologickych procesech.

CESKA A SLOVENSKA FARMACIE, 2007, 56, &. 6

Dnes jiZ maZzeme fici, Ze HA je jisté velmi zajimavou
molekulou, ktera si zaslouzi velkou pozornost odborné
spolednosti. MiZe byt pfinosem pro terapii fady chorob,
v jejichZ indikacich se doposud nevyuziva. U dallich
chorob, jako jc zminénd revmatoidni artritida, mitze jeji
Zirdi nasazeni vést ke sniZeni celkovych nezadoucich
ucink( a zlepSeni kvality Zivota pacienta. Stejné 1ak
mizZe hrat velkou roli pii terapii nevyléditelnych one-
mocnéni. jako jsou ur¢ité formy rakoviny. kde je jiz viiv
Jeyi funkce zkouman.

Viechny tyto otdzky snad budou brzy vyfefeny a HA
se docka firiiho terapeutického vyuZiti.
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Nové kapesni vydani objasiiuje problematiku 18¢iv s mikro-
latkami, je7 jsou soucdsti v¥Zivy a patfi mezi né vitaminy,
minerilni latky a aminokyseliny (tzv, potravinové doplitky).
Predmluva objasiiuje zdakladni pojmy z ortomolekuldarni medi-
ciny. kterd md za dkol zachovat kvalitni zdravi nebo i zlepSit
ofetfovani nemoci zphsobenych zménami koncentrace téchto
latek v téle. Objevitelem a zakladatelem byl americky bioche-
mik 1. L Pauling — nositel Nobelovych cen z roku 1954 a 1962,
Védecky se vychdzi v ontomolekularni medicing 2 kauzalniho
vyuzivani €lu viastnich latek ve fyziologickych, prip. farma-
kolegickych divkich pro prevenci a terapii chronicko degene-
ratvnich nemoci zdvislych na vyZivé. nejednd se o dal3i druh
alternativni mediciny. Vychazi se zde 7 poznatka biochemie,
véd o vyZivé., farmakologie. fyziologie, imunologie a je to
spojka meei moderni védou o vyZive a medicinou. Zikladem
jsou sprivné poddvané a ddvkované tzv, mikro a makro davky
# celého vybéru. Cilem je prevence fady nemaoci souvisejicich
s vyZivou. zlepSen{ stavu individudlné nemocnych, optimaliza-
ce farmakoterapie. zvy%eni afinku podavanych 1é€iv. sniZova-
ni vedlgjiich nefidoucich projevil a zachovani vykonmosti
a vitality 1 pft vy38im stafi nemocnych,

Prvni &ast pfirucky obsahuje zakladni viastnosti nejhéz-
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néj§ich mikrovyZivaych latek rozdélenych do 7 skupin:
a) vituminy ve vodé rozpustné (10 druhd), v olejich (5), vita-
minoidy, napf. karnitin. Q . cholin. b) minerdlni latky (5)
a stopové prvky (13}, ¢) antioxidanty. d) esencidlni mastné
kyseliny, konjugované kyseliny.. linolé, squalen. e} amino-
kyseliny (12 druhd). U ka¥?dé litky jsou popsdny jeji hlavni
funkce ve vyZivé, doporudeny pfijem o praklické pfipomin-
ky. moZné interakce s l1€Civy. symptomy nedostatku, tabulky
pro jejich vyuZivdni, jakoZ | doporuéené HVLP. Druha Cast
pfiru¢ky se zaméfuje na vlastni uZivani mikrolitek v terapii
a prevenci u vybranych skupin populace: v &hotenstvi nebo
v menopauze Zen. u kojencl, déti a mladistvych, juko? i star-
i ¢dsti populace. Nejobsahlejsi dil pfirucky uvadi abecedng
uspofidané nejb&inéjii druhy nemoci. Tyto jsou strucné cha-
raktetizovany, jejich hlavni symptomy, vlivy vyZivy, doporu-
Zeny pfisun potfebnych mikroldtek. jejich denni ddvky a dru-
hy HVLP ze skupiny potravinovych doplikd. Zavérem psou
rozsihlé tabulky. Prvni uvadi terapeuticky relevantni inter-
akce mezi lédivy a mikrovyZivaymi latkami, druhd je pfe-
hledem obsahu mikrovyZivoych litek ve vybranych druzich
potravin a posledni ma doporucenéd denni divky vitamind
pro jednotlivé skupiny nemocnych (1 pedle pohlavi}. Priruc-
ka md podrobny rejstiik a struénou charakteristiku autora —
{ékarnika, ktery je pfednim odbornikem z 1éte oblasti
v Némecku.

1 Maly
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SUMMARY

Hyaluronic acid (HA). is a high molecular weight (HMW) glucosaminoglycan with significant acitivity. and which influences a
number of physiological and pathological processes such as tumorogenesis, arthritis, ete. The aim of this study was to determine the
difference in the biodistributional pathways of ''In-labeled diethylenetriamincpentaacetic acid—hyaluronic acid ('''In-DTPA-HA)
molecule of three different MWs (10, 100 and 450 kDA) in a rat model, and to determine possible relationships between the biodis-
tribution and the MW of the investigated agent for future medical applications. ' In-DTPA-HA was prepared by mixing activated
DTPA and activated HA, then adding '''InClI; 10 the previously prepared mixturc at pH 5.5 in an acetic buffer. Biodistributional
studies were performed using 36 male Wistar rats aged 2 months and weighing 280 - 350 g. The radicactivity in the samples was
measured via a radiometer and the radioactivity in the different organs. blood. plasma and urine was determined. It was found that 50
- 54% for 10 and 100 kDa and 80% for 450 kDa of the administered dose of radiolabel was present in the liver after Smin. Other
organs show no sigaificant increase during the experimental period. The elimination of the radiolabel wus mostly renal and in low
melecular weight (LMW) form. Radioactivity remnained in liver throughout the 72h experimental period. A difference in the biodis-
tribution of 450 kDa and LMW radiolabeled molecules was found. Higher amounts of radiolabel were taken up by the liver when the
450 kDa molecule was used. LMW fractions were found in the urine, and could have been a product of non-enzymatic ¢leavage. The
cxtended retention of radiolabel in the liver could be related to changes in the polarity of DTPA-HA molecules.

INTRODUCTION est in the skin and liver.

HA is taken up rapidly from the bloodstream by
Hyaluronan (HA) is 2 glucosaminoglycan with re- rt?liculo-endoth_elial s_ystem (RES?. metabolized i_n
peating disaccharide units of 1-|B-4-d-glucuronic acid h.lgh amounts in th_e liver e_ndothchal cells and reuti-
(1-B-3)-N-acetyl-D-glucosamine-1-]-B-4 (1). It cre- lized in llS' metabolite form 1n_thc body (4-5).
ates a highly hydrated coat around different cell types The main focus of recent interest in HA research
(2). It is ubiquitous in the human body, and its con- concerns cancer therapy where it may act as a trans-
centrations differ from tissue to tissue (3). The lowest porter and in the treatment of arthritis, where it has a

concentrations are found in the plasma and the high- lubncau_ng_act}on_' ) ) o
The biodistribution of intravenously (i.v.) adminis-

tered HA has alrecady been studied using '*C, *H, '**I
and other isotopes as tracers (6-9). However, infor-
mation about the tissue distribution of HA of differ-

‘Please send reprint requests 10: Evzen Svanovsky, U Vodarny
6, 687 01 Blansko. Czech Republic
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ent molecular weights (MW3s) in the body is sull very
limited.

The purposc of this study was 1o characterize and
compare the principal distribution and elimination
characteristics of HA samples of different MWs (i.e.
10 kDA, 100 kDa and 450 kDa), radiolabeled with
"nin rats. In brief, HA wuas conjugated with di-
cthylenetriaminepentaacetic acid (DTPA) and labeled
with '"'[n according 1o a previously described method
(10}. DTPA is a bifunctional chelating agent used for
the formation of strong covalent bounds with triva-
lent metals such as In, Fe and others. DTPA was
bound to HA through an amidic bond on the glu-
curonic acid carboxyl moiety (DTPA-HA), and the
conjugate was used for the formation of the chelate
with "'In (' In-DTPA-HA) (9). The ""'In isotope is
i photon-emitting radionucleide with a half-life of
2.8 days, and it can be easily detected in biological
organs and tissues.

The stability of '''[n-DTPA-HA in vitro and a pre-
liminary analysis of the metabolic pathways of "
DTPA-HA molecules of different MWs was also
evaluated in the present study.

MATERIALS AND METHODS

Preparation of '''In-DTPA-HA

DTPA adducts with HA of different MWs (DTPA-
HA) werc prepared at CPN Dolni Dobrouc (Czech
Republic) using the modified method of Thierry and
Winnik (9). In contrast to the reports in the literature,
DTPA was activated using [-cthyl-3-(3-dimethyl-
aminopropyl)carbodimide (EDC) for the binding of
dihydrazide of adipic acid (ADH) and after activation
of HA with cyanogen bromide (CNBr), ADH-DTPA
was added to activated HA for the formation of
DTPA-HA. '"InCl, was obtained from Amersham
Healthcare, UK.

The level of DTPA incorporation was approxi-
mately 1 DTPA molecule for one DTPA-HA 10 kDa
polymer, 50 dimers for DTPA-HA 200 kDa and 30
dimers in DTPA-HA 450 kDa. The exact level of
substitution is not yet known as the analytical method
used by Thierry and Winnik and by our laboratory
does not seem to be sufficiently exact. These methods
do not consider the capacity of DTPA to become
bound within the tertiary structure of the HA mole-
cule.

Before radiolabeling, the DTPA-HA was purified
by gel permeation chromatography (GPC) on a
Sephadex G50 Medium column  (Sigma-Aldrich,
Czech Rcpublic). Briefly, 0.5 ml of 0.6% (w/v)

DTPA-HA solution was added to a 30 cm column
equilibrated with purified water (Millipore quality). 1
ml fractions of the eluate were collected and checked
for HA concentratons. For radiolabeling 0.25 ml of
purified DTPA-HA solution was mixed with (0.4M
acetic buffer pH 5.5 and '''InCl; of total radicactivity
5-10 MBq in 0.04 M HCL Aficr 9.5 h incubation of
this reaction mixture, the radiolabeled product was
again purified on a Sephadex G50 Medium column
of the same dimension to remove {ree I”[nCI;. I ml
fractions were taken and measured to determine the
amount of radioactivity. Fractions with the highest
activity up to the [3th fraction were collected and
used for biodistribution and elimination assays. Ac-
tivity per dose for '''In—-DTPA-HA 10 kDa was 2.4-
2.9 MCPM, for ""'In-DTPA-HA 100 kDu 560-790
kCPM, and for '"'In-DTPA-HA 450 kDa 740-760
kCPM respectively.

Stability of '"'In-DTPA-HA samples in vitro

The stability of '"'[n-DTPA-HA was examined under
in vitro conditions both in the exPerimcntal prepara-
tion and in rat plasma. 0.2 ml of '''In-DTPA-HA so-
lution was mixed together with 2 ml of rat plasma at
a temperature of 37 °C and at 24 h interval the con-
centration of LMW products was measurcd using
HPLC gel chromatography with radiometric detec-
tion, and comparcd with that of '"'[n-DTPA-HA
standards.

Biological experiments

Distribution studies

36 male Wistar rats aged 2 months weighing 280-350
g were randomly assigned into twelve groups, 3 ani-
mals for each time interval and experimental mole-
cule ('"'In-DTPA-HA 10, 200 and 450 kDa). The
animals were fasted overnight before each experi-
ment, with free access to water. Then 0.2 ml of la-
beled '"In-DTPA-HA was administered i.v. into
vena saphena under ether anesthesia. At 5 min. [ h,
24 h and 72 h intervals the animals were killed by
exsanquination. The blood was collected into glass
vials containing dry heparin and together with se-
lected organs and rissues removed 1o determine the
"n activity.

Elimination studies

"'In-DTPA-HA administration procedure was the

same as mentioned above. Rals were then placed sin-
gly in metabolic cages and at 24 h, 48 h and 72 h in-
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tervals urine and feces were collected and analyzed
for ""In activity.

All amimal experiments were approved by the
Ethics Committee of the Faculty of Pharmacy.
Hradec Kralove, Czech Republic.

Biological analysis

200 pl of the urine from the 24 h elimination study
sample was filtered through a 0.45 pm membrane
filter and analyzed using a combination of a PL
Aguagel OH 60 column with a Hema-Bio 100 col-
umn, radiometric detection performed with a Gina
Star detector.

RESULTS
Stability of '""In-DTPA-HA

The stability tests were performed in vitro, both in
the experimental preparation (in acetic acid buffer pH
5.5) and in rat plasma. Regarding the short plasma
half-life of ' In-DTPA-HA, enly the stahility of the
drug at the 24 h time interval was tested. Figures 1 —
3 illustrate the findings at different MWs and Table I
shows the percentage of LMW and HMW molecules
after 24 h incubation at 37 °C.
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Fig. /. Stability of "'In-DTPA-HA 450 kDa after 24 h in the
cxperimental preparation (A} and in rat plasma (B) determined
by HPLC-gel chromatography.
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Fig. 2. Stability of '"'[n-DTPA-HA 100 kDa after 24 h in the
experimental preparation (A) and in rat plasma (B) determined
by HPL.C-gel chrematography.
220 o
10—
182D o
1z
1220

ae -

Ps

T T T T T T
o s 5] 15 L) 25 a2
Tinwe (min}

i0c —
5502 =4
a0z

2300

cPs
3
:
1

0z

T T T T T 1 T
a H @ i 0 B 2a
Time {mhy}
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by HPL.C-gel chromatography.
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My DTPA-HA distribution in the rat organs and body fluids are presented in Tables H-VI1.
model Data for cach MW have been presented in two tables:

% of dose in whole organ and % of dose per 1 g of
Data acquired from biodistributional studics in the rat tissue.

model based on the radiometric analysis of vilal

Table i: Stability of '''In-IDTPA-HA derivatives in rat plasma and in the experimental preparation at 37 °C

Stueedy sample HMW fraction” LMW fraction” HMW fraction” LMW fraction”
1] 1%} { %! [ %]
M in-DTPA-HA 450 kDu 56 44 98 2
M In-DTPA-HA 100 kDa 51 49 97.5 25
" In-DTPA-HA 10 kDo - - 98 2

? Percentage of HMW/LMW (ractions of '"a-DTPA-HA after 24h in plasma (AUC)
i Percentage of HMW/LMW tractions of ""In-DTPA-HA after 24h in the experimental preparation (AUC)

Table [I: Distribution of ''In-DTPA-HA 10 kDa in rals - % ol dose in whole organ.

- 5 min 60 min 24 h 72h
Liver 54132 £ 48273 58.966 = 6.038 56.047 = 15.718 45426 £9.113
Adrenalfs 0.020 £ LOL6 0.004 = 0.002 0.009 = 0.011 0.003 + 0.001
Kidney 8.409 + 6.597 0.658 £ 0.274 1.020 £ 0.653 0.536 £ 0.08]
Lung 0.515 £0.169 0.385 = 0.224 0.153 £ 0.135 0.0432 £ (2011
Heart Q180 £ (0.042 0.125 0072 0.041 = 0.033 0.012 £0.005
Spleen 1.O55 £0.313 1197 20,174 1.340 = 0.265 1.007 £ (. 147
Stomach 0.684 £ 0.841 0.158 £ 0.079 0.127 £ 0.106 0.052 £{.034
Intestine 1.271 £ 0.607 0.581 £ 0.169 0.754 = 0.431 0.139 £ 0.026
Colon 0380 £0.192 0.143 = 0.021 1.017 = 0.296 0.417 £0.199
Testes 0.106 + 0.045 0.133 + 0.068 0.128 = (L0999 0042 £ 0015
Thyreid 0.023 £ 0.006 0.029 = 0.046 0.016 = 0L.016 0.002 £ 0.001
Brain (.076 £ 0.030 0.027 + 0.018 0.024 + 0.026 0.003 £ (1.001
Femur .326 £ 0.089 0277 =0.049 0312x0.115 0.303 £0.212

Table I1I: Distribution of '''In-DTPA-HA 10 kDa in rats - % of dose per | g of tssuve.

e S min 60 min 24 h 72 h
Blood 0.942 +0.182 04400298  0.071 £0.061 0.009 = 0.003
Plasma 1.680 £0.367  0.748 0474 O.111 +0.088 0.012 +0.005
Pancreas  0.260+0.118  0.063 +0.048  0.078 £ 0.063 0029 +0016
Liver 7.137 £0.953 8.348 £ 1.390  7.286+ 2.591 6.118 £2.350

Adrenals 0.291 % 0.245 0.062 £0.043 0.159 £ 0.209 0.046 £ 0.024
Kidney 4.863 + 4.050 N.362+0.152 0.581 + 0.334 0.293 £ 0.054

Skin 0.074 + 0.020 0.056 +0.012 0,049 + 0.034 0.021 £0.007
Muscie 0.037 £ 0.009 0.039 £ 0.026 0.025 £ 0.022 0.009 = 0.002
Fatr 01590170 0.054 £0.013 0.252 + 0.309 0.029 = 0.012

Femur 0.326+0.089 0.277 £ 0.049 0.312+0.115 0303 +£0.212
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Table IV: Distribution of '''In-DTPA-HA 100 kDu in rats - % of dose in whole organ.

5 min 60 min 24 h 72 h

Liver 49.279 £ 2.992 54074 +£2.171 56.107 = 0.595 50.092 £ 1.572
Adrenals Q.01 £0.003 04004 + 0,000 0.003 £0.001 0.004 + 0.00!
Kidney 2.563 +0.440 0.285 + 0.090 0.501 £ 0.046 0817 £(.053
Lung 0.579 £0.208 0172 £ 0.050 0.054 £0.011 0.055 + 0.005
Hedqrt 0.158 £0.030 0.042 = 3.009 0.020 + (0.003 0021 +0.002
Spleen 0.576 + 0080 0.898 £0.121 0.730+£0.174 0.650 £0.181
Stemach 0.160 + 0.046 0108 £0.044 0.073 £ 0.0SS 0.051 £0.020
Intesrine 0.823 0,122 .399 £ 0.075 0.318 £0.035 L197 0016
Colon 0.209 + 0.028 Q.111 £0.023 0.573 £0.138 0.722 £0.502
Testes 0.066 + 0.009 0.062 +0.023 0.061 = 0.020 0.070 £ 0.005
Thyroid Q.019 £0.0010 G.009 +0.004 3.004 + 0.001 0.005 £ 0.000
Brair 0.060 + 0.010 Q.012 x0.002 0.006 = 0.001 0.007 £ 0.001

Tabic V: Distribution of '''In-DTPA-HA [00 kDa in rats - % of duse per | g of tissuc.

5 mtin 60 min 24 h 72h
Blood 0.967 £0.182 0.167 £0.036 (L0026 + 0.005 0.013 £ 0.2
Plasma 1.880 + 0.385 0313 0065 0.048 £ 0012 0.017 £0.001
Pancreas Q.150+0.036 0.040 = 0.015 0.027 + 0.007 0.035 +£0.009
Liver 5.875 £ 0.290 6.834 £ 1.356 6.528 = (1386 6.291 £0.652
Adrenals 0.152 £0.0t9 0,053 = 0.006 0.042 £ (.007 .063 = 0.016
Kidnev 1.334 +0.174 0.154 £ 0.056 0.240 £ 0.020 0400 £ 0.022
Skin 0.025 + 0.004 0.018 £0.005 0.017 £ 0.002 0.022 £ 0.004
Musele 0.016 £0.003 0011 £0.002 0.010 + 0.002 0.011 =0.002
Far 0.034 + 0.008 (.027 £0.009 0.022 +0.010 0.050 = 0.047
Femur 0.236 = 0.048 0.220 £ 0.067 (167 x0.029 0.196 + 0,061

Table VI: Distribution of ' In-DTPA-HA 450 kDa in rats - % of dosc in whole orgun.

5 min 60 min  24h 72 h

Liver 75.892 + 3.527 79.866 £ 2.197 73.484 +3.434 66.528 = 2.154
Adrenals (L006 £ 0.002 0.001 £ 0,001 0.002 £ 0.000 0.009 + 0.006
Kidnev 1.063 +0.265 0.170 £ 0.002 0.318 £ 0.052 1027 % 0.060
Lung 0.414 £0.153 0.070 + 0,008 0.037 + 0.007 0.050 £0.012
Heart 0.044 £0.011 0.026 +0.011 0011 +0.002 0.039 £ 0.007
Spleen 0.212 £0.086 0.320 £ 0.069 0.414 £0.071 0427 £0014
Stomach 0.063 £ 0.026 0.109 £0.134 0.020 + 0.005 0.079 £ 0.004
Intestine 0.302 + 0.084 0.132 £0.026 0.206 + 0.088 0.349 + 0.050
Colon 0.404 £ 0.362 0.307 £ 0.293 1.539 = 1.010 1.125 £0.315
Testes 0.018 + 0.003 0.027 £ 0.007 0.030 £ 0.002 6.097 £0.019
Thyroid 0.010 = 0.007 0.002 £ 0.001 0.002 £ 0.000 0.017 £0.016
Brain 0.012 £0.003 0.005 +0.001 0.002 £ 0.001 0.011 £0.006
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Table VII: Distribution of '''In-IDTPA-HA 450 kDa in rals - % ot dose per | g of tissue.
p £

3 min 60 min 24 h 72h

Blood 0.211 £0.022 0.067 £ 0.005 0.012 £ 0.001 0.025 + G.O04
Plasma 0412 £0.045 0.125 £ 0.003 0.028 = 0.004 0.024 £ 012
Pancreas 0047 £0.011 0.018 £ 0.002 0.018 = (0.001 0063 + (0029
Liver 9173 £0.620 11.074 £ 1.432 10.610 + 1.567 10.259 £ .660
Adrenals 0.088 = (0.024 0.019 £0.020 0.038 + 0.006 0136 + 1.080
Kidney 0535 £0.162 0.087 £ 0.007 0.173 £ 0.019 0.598 +0.014
Skin 0.011 +0.004 (.008 = 0.001 0012 +0.005 00320010
Muscle 0005 +0.002 0.005 £ 0.001 0.005 + 0.001 0.024 + (1L.OO5
Far 0.015 = 3.006 0.010 £ 0.007 0.018 + 0.008 0.081 +0.034
Femur 0108 £0.014 .087 £ 0.027 0110 £0.011 0.159 +0.015
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Fig. 4. Radioactivity in the liver following the administration of '''In-DTPA-HA MW 10. 100 and 450 kDa to rats.
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Fig. 5. Cumulative elimination of radicactivity via the urine after '''In-DTPA-HA administration 1o rats.

The organ with the highest uptake of radioactivity min after administration of the radiolabel and the
was the liver. The cumulative expression of radicac- slow rate of elimination of radioactivity from this
tivity in the liver over 72 h is shown in Figure 4. This organ.

figure illustrates the culmination of radioactivily 60
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Elimination studies

The radiometric analyses of urine and feces revealed
a very small contribution of gastro intestinal tract
(GIT) to radiolabel elimination in comparison to
other elimination pathways. Cumulative data ac-
quired from the radiometric analysis of the urine over
72 h showing the percentage of radiolabel eliminated
via the urine are presented in Figure 5.

Further analysis of the urine using HPLC chroma-
tography (see scction on *Analysis of biological flu-
ids”) revealed mostly LMW fragments appearing in
the urine (Fig. 6).

a PRl 15,90 2l 25,93 30,48 min

Fig. 6b
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Fig. 6. Radioactivity in the urinc determined by HPLC-gel
chromatography after '''In-DTPA-HA administration to rats.
A: 10 kDa, B; 100 kDa, C: 450 kDa

According to the experiments Pcrformed with very
LMW fragment standards of '''In-DTPA-HA (duta
not shown), the elution time of these fragments was
determined o be 22 - 25 min. Figure 6/A shows a
double peak where the first peak is considered to be
the parent 10 kDa '''In-DTPA-HA molecule, as its
elution time is in accordance with the elution time of
10 kDa '"[In-DTPA-HA experimental preparation.
The other peak probably represents LMW breakdown
preducts when compared with very LMW fragment
standard elution times.

DISCUSSION

HA is widely distributed in various organs and tis-
sues, and a detailed analysis of its activity and elimi-
nation following administration represents a major
problem. The use of radiolabeled HA in such studies
enables a very sensifive and accurate assessment of
radicactivity in biological samples and detection of
the metabolic pathway of the agent in the body.
However, it is necessary to bear in mind that in the
case of the parent compound being metabolized, only
degradation products containing radiolabel can be
detected. In addition to this, the radiolabel could sig-
nificantly affect the fate of LMW fragments of HA.
All these aspects shonld be taken into account in in-
terpretation of the present results.

The present resuits indicate that * 'In-DTPA-HA
samples of MWs 100 kDa and 450 kDa remained
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relatively stable in the experimental preparation in
acetic acid buffer, pH 5.5 (less than 5% of LMW
degradation products after 24 h were found). On the
other hand, their stability in rat plasma was limited
and up 1o 40% of LMW f{ragments aftcr 24 h incuba-
tien were detected. LMW fractions can be a result of
enzymatic and non-enzymatic cleavage. It is known
that plasma contains low concentrations of hyalu-
ronidases and other hyaluronan lyases, which con-
tribute to HA digestion and degradation (11-13). Also
oxygen free radicals are responsible for the partial
degradation of HA (14).

The biodistribution of all three MWs of '''n-
DTPA-HA samples can be characterized by the very
rapid uptake from the bloodstream by the liver; about
50% of the administered drug concentrations for
“'InDTPA-HA of MW 10kDa and 100 kDa and
75% of the administered drug concentration for '''[n-
DTPA-HA of MW 450 kDa were found in the liver 5
min following drug administration. The uptake of
radioactivity by the liver increased slightly upte 1 h
post-dose and at various time intervals thereafter the
long-term retention of radicactivity in the liver was
also determined,

According to the findings in the literature, the liver
uptake of HA is mediated by CD44 receptors which
are expressed on the surface of liver endothelial cells
in large quantities (15-16).

It is probable that two pathways are involved in
""[In-DTPA-HA pharmacckinetics, namely receptor-
mediated uptake of the parent compound by the liver,
and degradation of the agent to LMW fragments in
the central compartmeni. These fragments in the
central compartment containing ""[0-DTPA a result
of blood hyaluronidase, hyaluronan lyases and oxy-
gen free radical activity, are consequently eliminated
by the kidneys (in case of '''In-DTPA-HA of MW
10 kDa the parent compound could also be elimi-
nated by the kidneys as it can be excreted via glome-
rular filtration).

The uptake of radioactivity by the liver can be the
result of wvarious mechanisms, as reported by
McGary, which are as yet not fully understood (3). It
is likely that HMW '"'In-DTPA-HA transported
within the liver endothelial cells is cleaved by hyalu-
ronidases to a small cligosacharide fractions. Based
on the findings regarding HA molecules biosyntheti-
caly labelled with *H or C isotopes, products of
enzymaiic digestion of HA should be further redis-
tributed to other organs and tissues (17-18). However
this is in contrast to our findings. The prolonged ac-
cumulation of '''In-DTPA-labeled HA molecules in
the liver could be the result of a modification in the

HA chain. It 1s suggested that this modification by
""In-DTPA adducts could intluence the fate of its
metabolites in the body. Contrary to the HA frag-
ments radiolabeled with "H or "*C, small HA frag-
ments bearing the '"'In-DTPA ligand are probably
too polar to be transported away from the cells and
redistributed within the organism. A preliminary
analysis of the radicactivity in the liver (data not
shown), which was performed to determinc the MW
of ""'In-DTPA-HA or its fragments to which '''In is
bound, confirmed the binding of the radiolabel to
LMW products in the liver. Unfortunately only a
limited proportion of the liver radicactivity in the
liquid phase was recovered in these experiments. The
rest of the radioactivity was strongly bound to the
solid phase of the liver homogenalte, and the MW of
these radioactive compounds could not be deter-
mined.

For the shortest time points post-dose, higher
amounts of radioactivity in the kidnecys was also de-
termined for all the three MWy administcred. The
radioactivity in the kidneys was clearly higher, due to
the elimination of !"'In-DTPA-HA break-down prod-
ucts from the central comparunent (blood) into the
urine. The highest amounts of radioactivity elimi-
nated via the urine were excreted during the first two
hours post-dose. The derived data suggest that this
proportion of radioactivity that was not taken up by
the liver was consequently eliminated via renal ex-
cretion. Urine analysis showed that the eliminated
radioactivity was of LMW in nawre including radio-
labeled degradation products and partly radiochemi-
cal impuritics ('''In-DTPA and other forms) which
typically amounted to 2-49% of total radioactivity per
sample. Urine analysis results for ""In-DTPA-HA 10
kDa, where a peak for the undegraded compound was
apparent, suggests that '''In-DTPA-HA is not taken
up quantitatively from the circulation and that some
of it (MW<I0 kDa) can be eliminated via urinary
excretion.

The increased radioactivity in the bowels over longer
time intervals was due to the partial gastrointestinal
elimination of radiolabeled species.

The elimination of radiolabeled HA has also been
confirmed in other studies, but with smaller amounts
of radioactivity being excreted (7,18).

The slightly increased radicactivity in the spleen
corresponded to the fact that this organ is a part of the
RES. No specific accumulation of radioactivity in
other organs and tissues was determined.

This study revealed basic pathways of distribution
of ""'[n-DTPA-HA molccules, its breakdown prod-
ucts, and showed slight differences in the behavior of
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molccules of different MWs in the rat model, as well
as it demonstrated differences in biodistribution of
these modificd molecules compared with parent
compound. This investigation suggests that mole-
cules of higher molecular weight (MW >400 kDa)
are more rapidly and more quantitatively taken up by
the liver and therefore merit further investigation.
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‘Three different procedures for the labeling of hyaluronan (HA) with ''!In. 1¥3] and '4C radionuclides
were compared, and the kinetic stability of radiolabeled HA under different conditions (saline, artificial
gastric juice and plasma)was established. Modification of HA structure wich bifunctional chelaring agents
{D1PA) or with the prosthetic group {tyramine or tyrosine) was essential prior '-'In and 71 labeling.
These chemical labeling techniques were fast. simple and inexpensive, and labeled agents with a high
specific activity were obtained. The only disadvantage of these methods was the occurrence of unknown
functional groups in the HA molecule requiring further characterization of the compound. Conversely, 1TA
labeling with '*C by biotechnological synthesis was found to be rather expensive and time-consuming

Keywords:
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Radiolaheling

JIE™ provess. Although, the final product "C-HA was identical (o natural HA its low specific activity presents

125 corrain limitation for irs application in hiological experiments. Stability studies showed rthar - an
1 1 fi el hiological exp Stahility d h d thar ¥C-HA and

c 1251Tm-HA were stable in all studied mediums. In the case of '#°1-Trs-HA, stability slightly decreased in

Kinetic stability rat plasma and inartificial gastric juice with increasing tme. The least stable was ' In-DTPA-HA. which
degraded completely after 48 b in artificial gastric juice. Kinetic stahility stadies may provide primary
information concerning the properties of radiolabeled HA in vitro, which is essential for the use and

explanation of its behavior in biological experiments.

€ 2010 Elsevier B.V. All rights reserved.

1. Introduction

Nyaluronan (I1A) is a macromolecular glycosaminoglycan
caompased of repetitive disaccharide uanits, each consisting of
N-acetylglucosamine and p-glucuronic acid. HA 1s present in
nearly all vertebral tissues. It is known that IIA participates in
various physiological processes, including rissue morphogenesis,
fluid homeostasis of the tssues, wound repair, inflammation,
atherosclerosis, angiogenesis, cell motility, and tumor progres-
sion.

The biocompatibility, nonimmunogenicity and unigue vis-
coelastic and lubricaling properties have led 1o the wide use of HA
intherapy for ophthalmic surgery, arthritis, tendon repair, cosmetic
applications etc. [ 1-7]. The clinical use of HA hasled to an increased
interest inexogenously administered HA in the body [§-10). As HA
1s a ublquitous matrix macromelecule, widespread in the entire
organism, exogenously administered HA cannot be directly deter-
mined by analytical techniques. For this reason, a selection of

* Corresponding author ar: Contipyo C a.s., Dolnl Dobrouc 401, 561 02 Dolni
Dobrouc, Czech Republic. Tel.: +420 608 216 942: fax: +420 465 543 793,
E-nail address: cozikova@contipro.cz (D. Cozikova).

0731-7085/% see front macter & 2010 Elsevier B.V. All rights reserved.
doi:10.1016/).jpba. 2010.02.005

specific procedures and methods enabling HA delermination in
biclogical systems is one of the crucial steps in pharmacckinetic,
bicdistribution and fragmentation studies [11-24]. For 11A labeling,
three separate strategies (the isotapic laheling methad, the hifunc-
tienal approach tor labeling with radiometals, and radicicedination
via the electrophilic substitution of reactive aromatic aminoc acid
residues)may he employed. Allmeans have heen used inthe design
of radiolabeled HA for biological studies.

The isotopic labeling method involves the replacement of a
part of constitution atoms of HA to their radioactive isotopes,
either 2H or #C [11-17]. The bifunctional approach uses bifunc-
tional coupling agents for the conjugation of the biomolecule
and the chelation of the radionuclide. The selection of a bifunc-
tional coupling agent is largely determined by the nature of the
radiometal. The bifunctional coupling agent should form a stable
complex of selected radionuclide in high yield, having a high ther-
modynamic and kinetic stability with respect to dissociation. In
addition, the bifuncticnal coupling agent could easily be attached
to the biomolecule. This binding should be kinetically inert and the
modification should not change the physicochemical and biclogi-
cal characreristics of HA [25-29]. In iadination, reactive aromatic
amine acid tyrosine or its derivative tyramine, have been attached
to the HA molecule and the resulting adduct may be radiclabeled
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directly [18-24]. The latter two approaches, however, may have
impact on hiological hehavior of radiclabeled compound.

The current study was designed te compare procedures for
labeling HA with 11'In, 1251 and 4C, and to determine the kinetic
stability of radiclabeled 11A under different conditions {namely
saline, plasma and arrificial gastric fluid). The aim of this study was
toevaluate the advantages and limitations of the three different HA
radiclabeling strategies, and determine their effect on blological
hehavior.

2. Materials and methods
2.1. Marerials

DTPA-HA, Tim-HA and Trs-HA were prepared by CPN Lid. (Dolni
Dobrouc, Czech Republic]. Diethylenetriamminopentaacetic acid
(DTPA), sodium acetate, sodium azide, Sephadex G-50 medium and
1,34 6-tetrachloro-3a,6-DI-phenylglycauril {iodogen) were pur-
chased from Sigma-Aldrich {Prague, Czech Republic). Hydrochloric
acid, sodium chloride and toluene were acquired from Lachema
(Brno, Czech Republic). Pepsin powder was purchased from Dr.
Kulich Pharma (Hradec Kralove, Czech Republic). Silver nitrate was
supplied by Penta (Prague, Czech Republic). All these reagents
were of analytical-reagent grade. Carrier free 111 In-InCly in 0.04 M
HCl {154 TBqg/mg, 1mCif0.1mlL) was obtained from Amersham
{Buckinghamshire, UK). Carrier free '23|-Nal in 0.04M NaOH
{(>600 GBq/mg, 10mCi{0.05mL) was supplied by the Institute
of Isotopes Co., Ltd. (Budapest, Hungary). Glucose, D-[14C{11)]
(13.3GBg/mmol, 1 mCifmL), hquid scintillation cocktail Ultima
Gold™ and agueous based tissue soluhilizer Solvable™ were pur-
chased from PerkinElmer Life and Analyrical Sciences (UISA). Plasma
was acquired from male Wistar rats weighing 190-230¢g after a
12-h overnight tasting followinginstructions from the [nstitutional
Lthical Committee.

2.2. Methods

2.2.1. Chromarography

Molecular weights (MW) of non-radicactive samples of HA were
determined by the chromatography system Agilent 1100 Series
(Agilent Technologies, Shropshire, UK) consisting of an isocratic
pump (G1210A), an automatic injector {G1313A), and the follow-
ing column system: PL aquagel-OH mixed and PL aquagel-OH 60
8 m (300mm ~ 7.5 mm) (Agilent Technologies, Shropshire, UK)
columns connected in series and thermostated at ambient temper-
ature. The samples were filtered through Acrodisc® 25 nm Syringe
Filters w/0.2 pm Supor? Membrane (Pall Corporation). The injec-
tion volume was 100 p.L. Eluent {0.1 M sodium phosphate buffer
pH 7.5) was monitored using a Multi-angle laser light scatter-
ing photometer DAWN® EOS™ and a Refractive index detector
Optilab rex {Wyatt Technology Corporation). The flow rate of
the mobile phase was kept at 0.8 mLfmin. Data acquisition and
molecular weight calculation were accomplished using Astra soft-
ware Version 5.3.2.15{Wyatt Technology Corperation). The specific
refractive index increment {dnjdc) of 0.155mg/mL was used for
sedium hyaluronate. Limit of detection (LOD) for refractomectric
detector amounted 1o 30 g/ mlL for HA.

The radioactive samples were analyzed using the Shimadzu
GIC set {Shimadzu Corporation, Tekyo, Japan) comprising of a LC-
10AD Isocratic Pump, Column Oven CTO-10A Thermostat, columns:
PL aquagel-CH 60 & pm, 300mm » 7.5mm (Agilent Technolo-
gies, Shropshire, UK) combined with IIEMA-BIO 1000 10 pm,
250mm x § mm (Tessek, Prague, Czech Republic) and Radiomet-
ric Detector (Raytest Gabi Star, Straubenhardt, Germany). As the
mobile phase 0.2 M acetate buffer with 0.05% (w/v) sodium azide

pH 7.5 was used at the flow rate of 0.8 mL/min, the injection vol-
ume was 100-200 pL. Each sample was filtered through Cronus
Syringe filters PTFE 13 mm, 0.45 pum (SMI-Lab Hut Ltd., Cloucester,
UK. The GPC fractions were collected by FC 204 Fraction Collector
(Gilsen, Inc., Middleton, USA). Recording, evaluation and quantita-
tive analysis of chromatagrams as well as the controlling of valve
switching was done by a PCsupported program from Raytest GINA
star™ version 2.18 (Straubenhardt, Germany). Sensitivity {Signal
to Noise Ratia) is easily optimized by adjusting flow cell volumes
and integration times. For the particular application requirements
two flow cell volumes {10 and 250 p.L) are available. Data records
were quantified if the ratio signal to noise baseline was greater than
3. LOD for the radivactivity detector is dependent on the efficiency
{depending on the isotope, the discriminator settings in the Gabi
Star), the hackground, the flow rate and the measuring cell volume,
and was calculated hy rhe next equation:

2 x Background » flow raie

Detections limit = -
Cell volume + efficiency

2.2.2. FTIR specirvoscopy

Far the characterization of prepared HA derivatives Fourier
transform infrared spectroscopy (FTIR) was recorded on Shimadzu
FIIK 84005 {Shimadzu Corporation) in KBr pellet with hydraulic
press SSP-10A. Approximarely 30 mg of the sam ple was mixed with
50 mg of potassium bromide in a ceramic mortar to give a homoge-
nous mixture and placed into a hydraulic press and pressed under
90 kN for 2 min to form a tablet. The spectra were measured in the
region of wave number from 400 to 4000 cm 1.

225 NMR spectioscopy

TH NMR {nuclear magnetic resonance spectroscopy) was
recorded on Bruker Avance [l speclromeler at 500 MHz. The sam-
ples were dissolved in deuterated warer at a concentration of
2-4mg{mL. NMR spectra were used to determine degree of sub-
stitution (DS). Fig. 1 shows an example of 'H NMR spectrum,
which was measured ftor the DS determination. In case of DTPA-
HA, DS was calculated from the ratio of integrated signals of D'TPA
{3.1-3.2 ppm), and the acetamide group of N-acetylaglucosamine
of HA (2.0ppm). The ration of integrated signals at 1.9 ppm,
6.5-8.0 ppm were used to calculate DS of Tm(Trs)-HA.

2.2.4. UvV-vis specrroscopy

An aromatic benzene ring in a tyrosine structure absorbs UV
light between 290 and 200 nm, depending on pH conditions {the
more basic conditions the higher absorption maximum wavelength
and ahsorhance). HA absorbance can he detected at lower wave-
lengths from about 280 nm. Thus, it was possible to use direct DS
determination, as the spectra of A and tyrosine does not inter-
fere. All samples weredissolved overnight in NaCQ 5 /NaHCO3 huffer
(pH 11) at concentration of 0.5 mg/mL. A set of tyrosine solulion
in the range of concentrations 1-25 pgfml was used to construct
calibration curve.

2.2.5. Preparation of DTPA-HA

Firstly, DIPA was dissolved 1n de-mineralized water and acti-
vated by 1-ethyl-3-(3-dimethylaminopropyl)carboediimide (EDC)
at pH 5-6. Dihydrazide of adipic acid (ADH) was used as a linker in
the reaction. The reaction mixture was stirred for 6 h at room tem-
perature. Secondly, HA was activared by cyanogen bromide at basic
pH9-10 and a low temperature { 10 to  5°C). 6 min after activa-
tionof HA, ahydrazido-derivative of DTPA wasadded and stirred for
20h at room temperature. The amine group of the linker reacted
with ene of the hydroxyl groups in HA via the carbanyl group to
form adduct DTPA-HA. A scheme of the reaction is shown in Fig. 2.
The final product was purified by dialysis and lyophilized. 100 mg of
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Fig. 1. An example of ILNMR spectriim of Tm=-HA (D20 DBMSCEH LT 8 (ppiny) 7.1 -6.8 (fyramine aromaric prorons), 4.8-4.3 (water and 2 11A protons —anomeric), 3.8-73. (10
HA protons - carbohydrate backbene). 2.8 (tyramine CHz ) and 1.9 (3 HA protons - acetyl CH: ).

DTPA-HA was dissolved in 20 mL of de-mineralized water and dia-
lyzed {cut-off 3500 g/mel) against 0.1% {wjv) NaOH and 0.1% {w/v)
MNallCO; for three days, and then against de-mineralized water for
four days. The synthesized DTPA-HA had MW of 80-100kDa and
DS 4.5%.

2.2.6. Lubeling of DTPA-HA with isotope '11In

DTPA-HA was dissolved in de-mineralized water at a concentra-
tion of 0.16% {w/v). 250 jLL of the DTPA-1IA solution {corresponding
t (.4 mg DTPA-HA) was mixed with 250 pl. of 0.4 M acetic buffer
pH 5.0 and approximately 20-50 .1 of "'In-InCl3 in 0.04M HCl
corresponding to 0.2-0.3mcCi (7.4-11 MBq) in dependence of the
age of the isotope. The mixture was stirred for 30min ar rocom
lemperalure. After purification on Sephadex G-50 (Lthe glass col-
umn 30cm ~ 1cm, solid phase: Sephadex G-50, mobile phase:
de-mineralized water) the most radioactive fractions of '1'In-
DTPA-HA were collected (1 fraction~11mL) and analyzed. The
purity of the final radioactive fractions was confirmed using the
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Shimadzu GPC set. The specific activity of the final product '11In-
DTPA-HA used for stabilily studies was about 18-28 MBy/mg {the
volume activity was 2.5-5.5 MBq/mL).

2.2.7. Preparation of Tm-HA and Trs-HA

Two different adducts of t1A with tyrosine {Trs) or tyramine
(Tm) were prepared. After 5 min of HA activarion with cyanogen
bromide (2 M excess to the amount of HA dimers) at low temper-
ature (—10 to —5°C)and pH 11 (0.25 M carbonate buffer), tyrosine
or tyramine were added in equimolar amount with respect to HA
dimers. The mixture was left to warm slowly to room temperature
and stirred for an additional 24 h. Then, HA was precipitated using
100% 2-propanol and four times washed with 10 < excess of 80%
2-prapanal in water. The precipitate was dried hy washing with
100% 2-propanol twice and dried for 24 h at 40 °C. A scheme of the
reaction is shown in Fig. 3. MW of Tm-11A was 100-110 kDa with
DS a.ax, MW of Trs-HA was 170-180kDaand its DS 4.1%.
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2.2.8. Labeling of Tm-HA and Trs-HA with 1251

0.5 ml of 0.001% {(w/jv) solution of Tm-HA (or Trs-HA) in 0.05M
phosphate buffer ptl 7.4 {corresponding to 5 g Tm(Trs)-tLA) was
added to reacti-vial {Supelco) with 10 pg of iodogen {deposited on
the tube walls) together with 2 pl of 145]-Nal in 0.04 M NaOH {cor-
responding activity 0.4 mCi (15MBq)). After strring the mixture
for 15 min, gel filtration on Sephadex G-50 was used for purifica-
tion of the indinated product. The most radioactive fractions were
hltered through silver chleride to remove the remaining radioio-
dide bound to Tm{Trs)I1A with non-specific binding. The purity
was proven by GPC on Shimadzu GPC set. The specific activity of
the final products '23-Tm({Trs)-HA used for stability sludies was
about 0.8-1.8 MBq/p.g (the volume activity was 1.3-4.5 MBgfmL).

229 Labeling of HA with H4C

Fermentation metheod for producing HA is generally known. HA
is preduced by the cultivation of a microorganism belonging to the
genus Srreprococcus, which isanhemolytic and capable of producing
HA in a culture medium. The microorganism can grow in a culture
medium, preferably containing carbon sources, inorganic salts, and
optional organic trace nutrients [30].

The molecule “¥C-glucose was incorporated into the structure of
HA during 15-h fermentation process in a micro-reactor of 100 mL.
After cultivacion, 1[A was isolated from the cultivated mixrture by
centrifugal separation followed by precipitation by organic sol-
venl HA radiclabeled with carbon-14 (1*C-HA) was purified using
GPC with fraction collector. High molecular weight fractions were
collected and lyophilized. The specific activity of the final prod-
uct C-HA used for stability studies was about 4.5 kBg/meg. The
molecular weight of the final product was 120-150kDa.

2.2.10. Srability srudies in vitro

The stability of ' In-DTPA-HA, 251-Trs-HA, 25[-Tm-HA and
14(_HA was investigated under three different conditions. Namely,
saline pH 7.5 at 25°C, fresh rat plasma at 37°C, and artificial gas-
tric juice pH 1.7 at 37 *C [31]. The samples of radiolabeled HA were
mixed with the above-mentioned solutions in the ratio 1:1 (v/v).
The mixtures were then analyzed by GPC wirth radiometric and
refractomertric detection ar intervals of 0, 1, 2, 4, 24 and 48 h. The
collected fractions {1 fraction ~ 1 mL) of the samples labeled with
"n and 251 were analyzed by Automatic Gamma Counter 1480

wizard™ 3” (Wallac, Finland). The samples labeled with *C were
measured after an addition of a liquid scintillation cocktail {5mlL
of the cocktail were added to 1 mL of collected fraction) on Liquid
Scintillation Analyzer Tri-Carb 2900TR (PerkinElmer, USA).

3. Results and discussion
HA is a ubiquitous component of human extracellular marrix.
For Lhis reason il is very difficult (o detenmine the effect of exoge-
nously administered HA in the bedy. The importance of an accurate
assessment of HA pharmacokinetic and metabolism is, however,
crucial for the analysis of the mechanism of HA effects in the body.
One possible way to solve the problem is the employment of a
radiclabel attached to the HA molecule as radioacrivity 1s eas-
ily detectable in biclogical samples. This approach links labeling
chemistry, labeled product stability, struct ure changes of the parent
agent during the labeling procedure, time, and cost effectiveness.
Biological behavicr of an unlabeled HA (both its pharmacody-
namic and pharmacekinetic properties) is of course affected by its
meoelecular weight {MW). The eftect ot HA ot ditferent MW on the liv-
ing system is comprehensively described in some reviews [32-34].
Distribution and elimination characteristics of HA are alsa depen-
dent onits molecular weight {a moderated escape of high molecular
weight HA from the central distribution compartment, a ceased
elimination by glomerular filtration of agents having molecular
weight over 70,000 etc.). Also enzymatic degradation and fragmen-
tarion of HA is dependent on its structure and size [35-37].

3.1. Radiolaheling techniques

Attaching a bulky chelating moiety or a prosthetic group to the
HA molecule and adding a radiolabel is one of the promising meth-
ods. A wide variety of bifunctional chelating agents and prosthetic
groups have been developed in recent years for the convenient
radiclabeling of biomolecules. DTPA derivative was chosen in this
work for further experiments because these derivatives are known
to be suitable structures for labeling with a number of radionu-
clides including as "¥™Tc, ' 'In, Y, radiolanthancides etc. Present
paper analyzes conditions for laheling of DTPA-HA with ' 1In. It was
revealed that the quality of labeling with isctope '''In was depen-
dent on the purity of the reaction environments, particularly on
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Fig. 4. Example of GPC analysis of "' In-DTPA-HA (MW = 30-100 k[}a). Separation
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Fig. 5. Lxample of GI'C analysis of "' In-DTT'A-HA (MW = 80-100kDa). For analysis
GPC Shimadzu set with radiomecric Gabi-Star derection was uscd.

the degree of contamination with trivalent metals which might be
competitively bound to the DTPA chelator. For the separation of the
radiolabeled preducts from a low melecular weight activity, GPC
analysis on a glass column with Sephadex G-5Q was used {Fig. 4).
The final purity of ' ' In-DTPA-11A was verified using Shimadzu GPC
set (Fig. 5).

Radiclabeling of Tm-HA and Trs-HA adducts with 23] by
oxidative iodination {an electrophilic substitution) was a routine
radiochemical procedure requiring the purification of radiolabeled
HA by chromaraography on Sephadex. Although both HA derivatives
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Fig.G. lxampleof GI'Canalysis onglasscolimnd0em < 1.0m, solid phase: Sephadesx

G-50 and mobile phase: de-mineralized warer. (2) ¥71-T-HA (MW - 100 110kDa)
and (b) 25 1-Trs-HA (MW = 170-180 kDa ). Marked peaks designate 1#51-Tm{Trs)-HA.
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Fig. 7. Example of GPC analysis using GPC Shimadzu set: (a) #91-Tm-HA after sep-
aration on Sephadex G-50 without subsequent filtration and () 1¥31-Tim-HA after
sepdralion on Sephadex G-50 and filtration through the silver chloride sediient.

are structurally similar (tyramine is decarboxylared tyrosine) it was
revealed that the radiolabeling efficiency of Trs-11A was lewer than
that of Tm-HA (Fig. 6a and b ). GI'C analysis of radiolabeled products
125 Tm(Trs)-HA on the Shimadzu GPC set showed the presence of
a low molecular weight impurity (free iodide) after purification on
Sephadex G-50 (Fig. 7a). To remove traces of free radiciodide, fil-
rration rthrough silver chloride precipitate was employed (Fig. 7h).
Silver 1ons bound redundant iodine 1ons and thus enhanced the
quality of labeling.

Laheling of HA with meral radieonuclides or radioiodine requires
the presence of chelating moiety or a prosthetic group in the HA
molecule; on the other hand, biosynthetic labeling of HA with e
results in a non-modified natural HA molecule. The preparation
of MC-HA is a time-consuming and expensive process, in which
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Fig. 8. (a) Example of GPC analysis of cultivation product (™ C-HA) and (D) example
of GPC analysis of * C-HA after purification from low molecular weight activities,
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14C_glucose was meraholized into the structure of HA during cul-
tivation. The final radiclabeled product should be consequently
purified from low molecular weight radioactive impurities. An
example of such purification by GPC on Shimadzu set is shown
in Fig. 8a and h. Fractions containing *C-HA were collected and
Iyophilized for further experiments.

3.2, Kinetic stahiliry

The stability of natural and medified HA samples was studied
before a radioactive moiety was introduced. For the MW deter-
mination an Agilent 1100 Series chiromatography system with a
multi-angle laser light scattering photometer and retractive index
detector was used. Records from both detectors denote almost the
same profile with a short shift due to dead volume amaong hoth
detectors in cascade {(Fig. 9).
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Fig. 10. Example of GI'C analysis of ""Un-ITIA-HA (MW = 80-100kDa) on Shi-

madzu GPC set. 11n-DTPA-HA mixed with plasma in the ratio 1:1 (a) immediately
analyzed and (1) the same mixture analyzed after 24 h.

Results of stability tests that were carried out in in vifro experi-
ments are summarized in Tables 1 and 2. Original and modified HA
samples with DTPA, and tyrosine, were found to be stablein a phos-
phate huffer. A slightly lower stahility of Tm-HA in this medium
may be explained by the partial degradation of the HA structure
during the chemical modification process. In arcificial gastric juice
the molecular weight of HA and Trs-HA was practically unchanged,
while under similar conditions MW of Tm-HA decreased for about
25% in 48 h. similarly, MW of DIPA-HA decreased down approxi-
mately to 33 kDa.

The stahility of radioactive HA (*11In-DTPA-HA, 125-Tm-HA,
125 [-Trs-HA and 14C-HA) was assessed in three different mediums:
acetate buffer (pH 7.5) at 25 ~C, artificial gastric juice {pH 1.7) at
37 2C, and fresh rat plasma at 37<C. Radiochemical purity-time
decrease of radiolabeled HA in different mediums was determined
using a GPC Shimadzu set with radiometric detection. In Fig. 10 an
example of chrematographic records of 11 In-DTPA-HA mixed with
rat plasma is shown.

Stability of '17In-DTPA-HA was relatively low, particularly in
acidic medium and rat plasma. Fig. 11 shows that the radioactive
complex of 11TIn-DTPA-HA was relatively stable in acetate buffer,
but in rat plasma radiochemical purity decreased 1o about 48%
within 48 h. In an artificial gastric juice degradation of 11 In-DTPA-
HA was very rapid the parent agent was completely broken down
during 48 h.

‘The decomposition of 111 In-DTPA-HA might be a result of three
different processes, namely due to the fragmentation of HA to prod-
uces of substantially smaller molecular weights, due ro cleavage of
1 n-DTPA bound to HA, and due to the release of 17In from the
chelate. [n fact, HA modification with DTPA could cause destabi-
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Fig. 11. Stability of 111 [n-DTPA-HA (MW = 80-100 kDa) in three different mediums,
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Table 1
Kinelic stability of HA samples analyzed in phosphate buffer pH 7.5 at 25-°C.

CUTime (hy UUAvErage of MWW SO0 =3
A CUHA(T00-110kDa) - DTPA-HA (80-100kDa) CTmHA (100-110 kDa): Frs-HAT170-180kDa) -
Q0 E L 1075 007 B202 006, : CAOLES 064 1783002400 0
1 105.55, 1064 B1.09: 030 140 177152 120
2 o REE S 1 LN [ VI 1 BT 000 185 R R | 4 R
4 LTI 10850042 81,05 - 047 B ] s 37615 04D
24 LTI 10440 L2 12 B08T 0,16 80501 231 17473, 2,79
A8 L. 10450 014 8080 . 057 8550 0.20 17500 . 0.59
Table 2

Kinetic stability of HA samples analyzed in artificial gastric juice pH 1.7 a1l 37=C.

CTinive (hy o CUAVETage oF MW SDY(n Z3)

HA[100-110 kD) -

‘DTPA-HA (80-100kDa)

CImeHA100- 110 kDaY “Fre-Ha F1705180kDa)

0:: 107.59 024 ‘81305120

1 10735 191 80.G1 - 0:37

2 107.55 2064 BOS3 L 072

LA WIS hgd BN S0

DAL T IR0 LA HULAZ0
48 T - 104,58 _ 0.64

2137

5 100:84 - 278 17425035
94.43°= 267 17345 0:92
‘91200 272 173302 301
HIUAT (96 VL Yl
A8 U6 FIABA T 128
7363_0.76 172801 1.77

lizalion of some bounds near the site of DTPA-coupling te HA. As
chelation of 17'1In with DITPA produces a relatively stable complex,
the first of the two above-mentioned possibilities was probably
crucial for the rapid formation of 'VIn-containing low molecu-
lar weight species In our stability studies. The other possibility
to explain decomposition of 17 In-DTPA-IIA is an autoradiolytic
degradation of rhe agent. In our experiments rhis process is prob-
ably negligible due to relatively low volume activity used {approx.
2-3 MBq/mL) and due to the fact that "7 In-DTPA-HA of the same
velume activity in buffer is practically stable.

In virro stability studies show lower stability of '2I-Trs-HA in
comparison to 1231-Tm-HA (Fig. 12a and b). A certain limitation of
I1A labeling with radiciodine resides in the exposition of the agent
te oxidizing reagents during the laheling pracedure. HA may not
telerate these conditions and its stability may be decreased. Further
limitation of the use of 1odinated macromolecules for biclogical
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Fig. 12, Stabilicy of 25 1-Tm(Trs)-HA in three different mediwms (a) 1251-Tim-HA
(MW =100-110 kDa) and (b) 25 1-Trs-HA (MW = 170-130 k}a).

studies is that they frequently suffer of in vivo deiodination. lodi-
nated tyrosine is structurally similar to the thyrcid hormones that
are known to be rapidly deiodinared by enzymes found in the liver,
kidney and thyroid. For these reasons, an attachment of tyramine as
the prosthetic group tor radiciodination of HA seems to be a better
choice than the labeling procedure employing Trs-11A.

Direct hiotechnolagical laheling of HA wirh 4C {using 4C-
glucose as a metabolic substrate) results in the product most
familiar to the natural cecmpound. Unfeortunately, a molecular
weight distribution of the radiclabeled product is not predictahle
and radiochemical yields are very low. In addition, the specific
activity of the product is limited due to radiosensitivity of the
cell culture used. liowever, long-term stability of the radiclabeled
species is excellent (Fig. 13) and comparable with that of an unla-
beled HA (Tables 1 and 2).

In summary, the kinetic stability studies may provide pri-
mary information concerning properties of radiclabeled HA in vitro
which is essential for the use and definition of ils character in bio-
logical experiments. Radiclabeling of HA, previcusly modified with
DTFPA, tyrosine or tyramine is fast, simple and inexpensive, and a
labeled agent with a high specific activity is feasible. However, a
crucial disadvantage of this approach is the presence of an unnat-
ural group in the ILA structure requiring further characterization
of the compound. This structural change may substantially alter
stability of the radiclabeled preduct. In contrary to that, labeling
of HA with '*C by biotechnological synthesis is a very expensive,
time-consuming process requiring a special apparatus. Although
the final product is identical to natural HA, the low specific activity
of M*C-HA limits its application in biclogical experiments.
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Fig. 13. Stahility of ¥ C-HA (MW =120-150kDa) in three different mediums,
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4. Conclusion

The aim of this study was to prepare HA labeled with isotope
11, 1251 and "¢, and to prove the kinetic stability of the radio-
labeled products under the following conditions: saline, artificial
gastric juice and fresh rat plasma.

This study has demonstrated that '*'In and 1?51 labeling of mod-
ified IIA can be simple, fast and inexpensive, and under certain
condirions may yield products with high specific activity. Con-
versely, common methods involving HA labeling with isotope C
yield identical product to physiological HA but with a very low final
specific activity. Furthermore, the process of preparation is lengthy
and expensive.

Stability studies showed that '*C-HA and !'23[-Tm-HA were
both stable in all three mediums. The stability of "> [-Trs-1A
slightly decreased inrat plasma and artificial stomach medium with
increasing time. The least stable was 117 In-DTPA-HA, which was
completely degraded after 48 I in artificial gastric juice. The rea-
son for the lower stability might be the structural change of the HA
molecule in the modification process,

The results of the kinetic stability of radiolabeled HA gave us
important and essential information about the degradation pro-
cess in vitro, which is one of the crucial steps leading to the further
understanding of the biological behavior of HA in vive.
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Seznam pouzitych zkratek:

CS — Chondroitin sulfat

CNBr — Cyanogen bromid

DS — Dermatan sulfat

DTPA - Diethylentriaminopentaoctova kyselina
ECM — Extracelularni matrix

EDC - 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
GAG - Glykosaminoglykan

GIT — Gastro-intestinalni trakt

HA — Hyaluronova kyselina

HAS — Hyaluronan syntaza

HA 10 — **'In-DTPA-HA, Mw: 10kDa

HA 100 - "In-DTPA-HA, Mw: 100kDa

HA 400 - "In-DTPA-HA, Mw: 400kDa

HPLC — Vysokoucinna kapalinova chromatografie
HS — Heparan sulfat

HYABP — Hyaluronan binding protein

Hyal - Hyaluronidaza

IL-1 — Interleukin 1

IP3— Inositol trifosfat

I.V. - Intravendzni

KS — Keratan sulfat

Mr, Mw — Molekulova hmotnost

NSA — Nesteroidni antiflogistika

PKN — Proteinkinaza

PLC — Fosfolipaza C

RES — Retikulo-endotelialni systém

SD — Smérodatna odchylka
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