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A taldlmény megjavitja a kozegmintdk o
11-deoxi-13,14-dihidro-15-keto-11B,16E-ciklo- :
-prosztaglandin E, tartalminak (biciklo- /11/ ’&N\%—NH~C“'CHL—©_OH
-PGEM tartalom) antigén-antitest reakcios 0 COOCH,
meghatdrozdsdt annak révén, hogy a talal- (
many szerint kedvez$ feltételek kozott eld- 0 S el os el S THE

allithato 0j szerkezetii radioligandot, (I) &l

talanos képletii, jod-125 izotoppal jelzett bi-

ciklo-PGEM-jédtirozin-metilésztert alkalma-

zunk, amelynek fajlagos aktivitdsa kiemel-

kedéen magas, és ezaltal a meghatarozas el Y
érzékenysége néhidny pikogramm/milliliter. A

taldlmany szerint az (I) képletii radioligandot /11 \r M st iy
ugy allithatjuk el6, hogy a (II) képletii biciklo- o CQQQH3
-PGEM-tirozin-metilésztert nagy fajlagos ak- T

tivitdst Na'?°I-dal reagéltatjuk. 0
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A taldlmany targya eljirds a prosztaglan-
din E, bomlékony biologiai metabolitja, a
13,14-dihidro-15-keto-prosztaglandin E, (to-
vabbiakban: PGEM) radicimmunolégiai meg-
hatarozdsdra annak kémiai atalakitassal sta-
bilizalt szarmazékan, a 11-deoxi-13,14-dihidro-
-15-keto-11B,16E-ciklo-prosztaglandin  E,-n
(tovdbbiakban: biciklo-PGEM)
melynek soran ismert mennyiségii, kiilonb6z6
koncentraci6ja PGEM oldatokban, illetve a
mérend6 mintdkban a PGEM-et biciklo-PGEM-
-mé alakitjuk, majd jod-125 izotoppal jelzett,
nagy fajlagos aktivitasii biciklo-PGEM szér-
mazék mint nyomjelzé anyag (tovabbiakban:
radioligandum vagy tracer) specifikus anti-
testhez valé kotGdésének valtozasat meérjik
a standard oldatok és a meghatarozandé min-
tdk jelenlétében, és a mintak 4altal okozott
kotésvaltozas alapjan szamitjuk azok haté-
anyagtartalmait.

A taldlminy szerint ebben az immuno-
kémiai reakciéban tracerként olyan, egyes
prosztaglandin tipusokra mar kordbban si-
kerrel alkalmazott radioligandokkal analég
szerkezetii, szdrmazékot hasznilunk, mely a
talalmény targyat képezé prosztaglandin ti-
pusra még nem ismert.

A talalmany targya tovibba ezen ij szer-
kezetii radioligand elGillitdsdra szolgalo el-
jéras.

A kiilonbozé kémiai szerkezetii prosz-
taglandinok egyik legfontosabb képviselGje
a prosztaglandin E, (PGE,). Mivel ez az
anyag — a t6bbi prosztaglandinhoz hason-
l6an — enzimatikus dton igen gyorsan meta-
bolizdloédik, PGEM-mé alakul at, a PGE, élet-
tani koncentrdciéjanak mérése a PGEM kon:
centrdci6 meghatdrozasaval célszerii. Maga
a PGEM azonban szintén bomlékony vegyii-
let; kémiai dton, vizvesztéssel és intramole-
kuldris Michael addiciéval biciklo-PGEM-mé
alakul it. (Prostaglandins 19:917,1980; Pros-
taglandins 19:933, 1980) A jellemzg atalaki-
tasokat az A folyamatabra szemlélteti.

Mivel ez az atalakulds 6nmagéaban nem
teljes, és a minta feldolgozasi koriilményeitdl
figgben valtozhat, ezért olyan reakciokériil-
menyeket kell valasztani, amely mellett a
PGEM kvantitative biciklo-PGEM-mé alakul
it. Az igy kapott stabilis szdrmazék mar
radioimmun meghatarozasra alkalmas.

Az igen alacsony élettani koncentrédcidk
miatt a radioimmun mddszer szinte kizar6-
lagos érvényii. Erre az eddigi forrasok kizdré-
lag tricium izotoppal jelzett tracert alkalmaz-
tak. (Meth. Enzymol. 86:306,1982; J. Pharma-
col. Exp. Ther. 220:229,1982; Prosta. Leuk.
Med. 9:549,1982; J. Clin. Endocrinol. Metab.
57:101,1983; Prosta. Leuk. Med. 13:249, 1984;
Biol. Psychiatry 21:1024,1986.)

A triciummal jelzett tracer elvi eldnye,
hogy e médszernél a radioligandum és az in-
aktiv ligandum kémiailag azonos molekulak
(an. ,homolég radioimmunoassay"). Tovabbi
elénye, hogy a médszerhez szitkséges megfe-
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lelden nagy fajlagos aktivitas biztosithato,
ugyanakkor az alkalmazott izotop felezési
ideje nem tul rovid.

Mds prosztaglandin tipusok esetében a
triciummal jelzett tracer helyett sikerrel al-
kalmaznak olyan radioligandumokat, amelyek
prosztaglandin alapmolekuldhoz kotétt funk-
cios csoporton j6d-125 izotopot tartaimaznak.
(Eur. J. Clin. Invest. 5:311,1975; Biochim.
Biophys. Acta 431:139,1976; Anal. Biochem.
87:343,1978; Prosta. Med. 4:399,1980; Pros-
taglandins 16:277,1978; Adv. Prosta. Thromb.
Res. 6:167,1980; Izotoptechnika, 22:190,1979;
J. Chromatography 189:433,1980 Mucha
Istvan: Kandid4tusi értekezés 1985.)

A j6d-125 jelzett tracer el6nye a triciummal
jelzetthez képest, hogy fajlagos aktivitisa an-
nak mintegy tizszerese, és eziltal a meghata-
rozds érzékenysége jelentGsen ndvelhetd, fel-
hasznaldsa ugyanakkor gazdasagos is, mivel
méréstechnikdja gyorsabb, egyszeriibb, és ol-

csébb, és a radioimmun meghatarozashoz -

sziikséges specifikus antitest igénye is lényege-
sen kevesebb.

Alkalmazasidnak egyik lehetségeés hatranya
elvi jellegii; mivel ezen meghatarozdsi méd-
szernél a radioligandum és az inaktiv ligan-
dum kémiailag kiilonbdznek (dn. ,heterolég
radioimmunoassay"), a nagyobb fajlagos ak-
tivitds csak abban az esetben parosul érzeé-
kenység-novekedéssel, ha a radioligandum im-
munspecifitdsa a kémiai atalakitas utdn is
valtozatlan marad.

A j6d-125 izotoppal jelzett tracer felhasz-
nédlasanak gyakorlati hatranya, hogy az izotép
felezési ideje révid, és a vele valo miiveletek
sugarveszélye nagyobb a triciuménal.

A taldlmdny alapja az a felismerés, hogy
egyéb kismolekuldju anyagokkal-, igy kiilon-
b626 prosztaglandinokkal is — analég médon,
a biciklo-PGEM radioimmun meghatarozasa
is lehetséges j6d-125 izotop felthasznilasaval,
ha az alapmolekuldhoz tirozin-metilészter cso-
portot kapcsolunk, és ezt mint prosztetikus
csoportot jod-125 izotéppal szelektiven jeldl-
jik. Az eljards feltétele, hogy rendelkezziink
a médszerhez sziikséges alkalmas titeri, bicik-
lo-PGEM-re és annak jod-125-tel jelzett szar-
mazékira azonos affinitasit specifikus anti-
testtel, valamint a megfeleld nagy fajlagos

......

aktivitdsi jod-125-tel _jelzett tracerrel.

A taldlmany targya tehat antigén-antitest
reakciés meghatarozas, mely az ismert eljara-
soktol abban kiilonbézik, hogy triciummal
jelzett tracer (,homolég” radioligand) helyett
jod-125-tel jeizett tracert (heterolog” tracer)
alkalmazunk.

Ennek soran tgy jarunk el, hogy ismert
mennyiségii killonb6zo koncentraciéju PGEM
standard oldatokat, valamint a mérendé min-
tdkat azonos mddon liagos pH-n biciklo-PGEM:
-mé alakitjuk, majd a radioligandnak speci-
fikus antitesthez valé kotodését mérjiik ezek
jelenlétében. Az igy kapott értékekbGl az isme-
retlen mintak 4ltal okozott kotésvaltozasok-
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hoz tartozé biciklo-PGEM koncentraciékat ki-
szamitjuk.

A mérést ugy végezziik, hogy a tracert, a
higitasi sorozat szerint kiillonb526 mennyiségii
inaktiv biciklo-PGEM-{, illetve mérenddé min-
tat, specifikus antitesttel inkubaljuk, majd
az antitesthez kotott, ill. nem kotott frakceid-
kat elvalasztjuk, és mérjitk a kétott frakeid
radioaktivitdsat. )

Altaldban 10000 és 60000, eldnydsen 20000
és 40000 cpm kozotti beiltésszami tracert
alkalmazunk, amelyet célszeriien pufferben
oldunk. _

A puffer elénydsen 0,1 9 zselatint tartal-
mazé 0,01—0,2 molos célszeriien 0,05 mélos,
7,4 pH-ju foszfat-puffer.

Az oldat konkrét Osszetételétél figgden
az inkubaciés homérséklet 0 és 40°C koézotti,
az inkubacié id6tartama 1 és 40, el6nyésen
3 és 20 ora kozdtt valtozik.

A specifikus antitest célszeriien magas ti-
terii, megfeleléen magas (10°—10'® M) affini-
tasi egyiitthatéval rendelkezé  anti-biciklo-
-PGEM antiplazma, amelybdél annyit alkalma-
zunk, amennyi az inaktiv biciklo-PGEM-t nem
tartalmazé mintiban a tracer 20—80, eld-
nydsen kb. 50%-at képes megkéotni.

A radioligand koétott és szabad frakcidinak
elvalasztisara elonydsen 0,5 % Dextran T-70-
-et és 1 %. csontszenet tartalmazé 0,01 moélos
foszfat-puffert (pH 7,4) alkalmazunk, amely
a szabad radioligandumot megk®éti, és a centri-
fugalassal kapott feliilisz6 tartalmazza az
antitesthez kotott tracert, melynek radioak-
tivitdsat szcintillacios moédszerrel mérjiik.

A radioimmun meghatarozas el6tt a miniak
illetve a standard oldatok PGEM tartalma-
nak biciklo-PGEM-mé térténé alakitdsa a ko-
riabban hivatkozott forriasok szerint dltalano-
san alkalmazott modszer szerint torténik 9-es
pH-értéken, 37°C-on végzett 24 6rés reakcio-
iddvel.,

A taldlmany targya tovdbba eljdrds a
radioimmun meghatarozashoz sziikséges (I)
képletii, nagy fajlagos aktivitasd, jod-125 izo-
toppal jelzett biciklo-PGEM- jodtirozinmetil-
észter (biciklo-PGEM-TME-'%]) elbéllitdsa-
ra.

A taldlmany szerint az (I) képletii radio-
ligandot agy allitjuk eld, hogy a (Il) képletii
biciklo-PGEM-TME szarmazékot elGnydsen
nagy fajlagos aktivitasd, (kb. 2000 Ci/mmol;
74 TBq/mmol) Na'?*l-dal reagéltatjuk cél-
szeriien Kloéramin-T (para-toluol-szulfokior-
aminnatriumsé) reagens jelenlétében pufferolt
kézegben (elonyosen 7 fol6tti pH értéken)
rovid (10—200 masodperc), elonydsen 30—
60 masodperc reakcicidével, agy, hogy a (II)
képletii biciklo-PGEM szarmazékot a NA'?%I-
-hoz képest 20—200, elénydsen 50 100-szoros
molarédnyban alkalmazzuk, és a reakci6idot
ugy szabalyozzuk, hogy megfelel6 idGpont-
ban a rendszerben Kléramin-T hatasara kép-
26dG6 reakcioképes oxidalt jodot ndtrium-meta-
biszulfit hozzdadasaval jodid-ionna redukal-
juk. Az (I) képletii célvegyiilet szintéziséhez
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célszerlien foszfat puflert alkalmazunk, a
(II) képletii anyagot pedig etilalkoholos ol-
datban adjuk a reakciéelegyhez oly moddon,
hogy az etanol végkoncentraciéja a 20 9%-ot
ne haladja meg. Az (I) képletii célvegyiilet
elGallitdsdnak legfontosabb lépése az eldalli-
tani kivant monojod-szarmazek elvalasztisa
az egyéb jodjelzett szarmazékoktol, valamint
a reakcié befejez6dése utan még gyakorlati-
lag valtozatlanul nagy feleslegberi levé (II)
képletii inaktiv kiinduldsi anyagtol. Erre cél-
szeriien adszorpcios oszlopkromatografiat al-
kalmazunk, melyet igy végziink, hogy a reak-
ciéelegyet Sephadex LH-20 oszlopra felvissziik
és novekvd etanol koncentracigju etanol-nat-
riumcitrat (pH 4,0) kétkomponensii oldoszer-
eleggyel eludljuk a kiillonb6z6 jodjelzett szar-
mazeékokat, mikdzben az eluens radioaktivita-
sat folyamatosan mérjiik, és az ezzel ardnyos
jelet a megfeleld regisztral6 késziilékkel rog-
zitjiik.

Az eluilé oldészerelegyek valtoztatdsdnak
taldlmény szerinti célszerii sorrendje: tiszta
citrat-puffer (0,2 mélos pH 4,0); 1 moélos citrat
(pH 4,0) és etanol 4:1, végiil 1 mélos citrat
(pH 4,0) és etanol 6:4 aranyu elegye, ahol a
tiszta végterméket az utolsé frakcioban kap-
juk meg. Az olddszerelegyek sziikséges tér-
fogata az aktualis, és az elvdlasztds kozben
folyamatosan regisztralt eluciés profil és a
képzodott jelzett vegyiiletek Osszetételének
(aranydnak) fiiggvénye, dltalaban a tiszta
citrat-pufferbdl 40—70 mi-t, a 4:1 ardnyd
citrat:etanol elegybél 20—40 ml-t, mig a 6:4
aranyll elegyb6l 30—60 ml-t alkalmazunk.
Kiilén elénye a taldlmany szerinti eljdrasnak,
hogy az alkalmazott apoldros dextran gél
ebben az eljarasban kizarolag adszorbensként
miikodik, és a jodjelzett szarmazékok adszorp-
cios készsége nagysigrendekkel magasabb a
kiindulasi (II) képletii inaktiv anyagnal, ily
médon az (I) képletii célvegyiilet —, amelyet
még hatasos jodbeépiilés mellett is jelentds
mennyiségii (II) képletii kiinduldsi anyag
szennyez — teljes biztonsdggal valaszthato
el, és ezzel a taldlmany szerinti radioimmun
meghatarozashoz sziikséges magas fajlagos
aktivitds biztosithato.

A (IT) képletii vegyiiletet a (III) képletii
biciklo-PGEM és tirozin-metilészter reakcio-
javal allitjuk elé oly mddon, hogy a biciklo-
-PGEM-et 1—5, elényésen 2—3 mélaranyd
tirozin-metilészterrel reagaltatjuk, 1—5, el6-
nyosen 2—3 mélardnyn 1-etil-3-(3'-dimetil-
-aminopropil)-karbodiimid-hidroklorid  rea-
gens jelenlétében, célszeriien vizes tetrahidro-
furdnban, 0—50°C-on, elényésen szobahémér-
sékleten, 3—40, elénydsen 20—24 éra iddtarta-
mig. Az olddszert vakuumdesztillaciéval elta-
volitjuk, a maradékot célszerlien etil-acetat-
ban oldjuk, majd az etil-acetdtos oldatbdl hig
savas extrakcioval, céiszerlien 0,1 n sésavval
kimossuk a véltozatlan tirozin-metilésztert,
hig lagos, célszeriien 0,1 n NaOH-dal extrak-
cioval pedig az el nem reagélt (1II) képletii
vegyiiletet.
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A terméket célszeriien vékonyréteg-kroma-
tografids uton tisztitjuk, célszeriien olyan szili-
kagél rétegen, amely fluoreszcens indikatort
tartalmaz, a kifejleszt6 oldészerelegy pedig
célszeriien kloroform:metanol:viz 90:10:1 tér-
forgatardny elegye. A terméket 254 nm-es
UV-fénnyel megvildgitva mutatjuk ki.

A taldlmdnyt a tovdbbiakban részieteseb-
ben példak keretében magyardzzuk, amelyekre
a taldlmany természetesen nem korlatozodik.

1. Példa
A jodjelzéshez hasznalt (I1) képletii kdzti-
termék elddllitisa

1 mg (3 mikromol) (III) keépletii biciklo-
-PGEM-et, 1,5 mg (8,4 mikromal) 1-etil-3-(3’-
-dimetil-aminopropil) -karbodiimid-HCl-ot és
2 mg (10 mikromél) tirozin-metilésztert egy-
szerre bemériink, hozzdadunk 100 mikroliter
desztillalt tetrahidrofuriant és 20 mikroliter
desztjllalt vizet. Az elegyet szobahGfokon
24 o6ran at kevertetjilk, majd az oldoszert
csokkentett nyomason ledesztilldljuk, a mara-
dékot 30 ml etil-acetatban feloldjuk, és razé-
tolcsérbe ontjiik. Ezt az oldatot sorrendben
3%2 ml 0,1 n sésavval, 3X2 ml vizzel, 3X2 ml
0,1 n natriumhidroxiddal és 3X3 ml! vizzel
Osszerazzuk. Minden Osszerazas utdn a vizes
fazist elvdlasztjuk és elontjiik. Az utolsé mo-
Sds utdn az etil-acetatos oldatot forgébeparlé
késziiléken (Bdchi, svajci gydrtmany) wva-
kuumban beparoljuk, a maradékot 100 mikro-
liter etil-alkoholban oldjuk, és 0,25X200X
X100 mm méretii Kieselgel 60 F 254 (Merck,
NSZK gyidrtmany) szilikagél rétegre 5 cm
széles savban felvissziik, és benzol:dioxan:
:ecetsav:hangyasav 82:14:1:1 térfogatardnyi
elegybe helyezve, a kromatogramot kifej-
lesztjik. Kifejlesztés utdn a réteget hideg
levegdvel szaritjuk, majd 254 nm hullam-
hosszii ultraibolya fénnyel megviligitva a
foltokat ldthatova tesszitk. A 0,4 Rf értékii
folt helyén a réteget lekaparjuk,-10 ml etil-

-alkoholt tesziink ra, és 1 ora varakozas utdn .

livegsziiron sziirjiik. A sziirén levé gélt 2X

X5 ml etil-alkohollal mossuk, az alkoholos
oldatokat egyesitjik, forgébeparién szarazra,

paroljuk, és mérjiik a termék salyat, majd
etil-alkohollal toérzsoldatot készitiink beldle.

A kapott (II) képletii termék tomege a
kromatografids tisztitds utdn 590 mikro-
gramm, ami 38,5 % kitermelésnek felel meg.

2. Példa
Az (1) képletii céltermék elGallitasa

Az 1. példa szerint kapott biciklo-PGEM-
-TME szarmazék 100 mikrogramm/m! kon-
centracioji etanolos oldatabol 30 mikrolitert
(6.5 nmol) 1 ml-es talpas milanyag Eppendori-
-csdbe pipettazunk, hozzdadunk 100 mikroliter
50 mM foszfat puifert (pH 7,4) és 57 MBq
radioaktivitisii hordozémentes Na 'I-oldatot
(MTA Izotépkutaté Intézete terméke). Az ele-
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gyet sszerazzuk, majd 50 mikroliter, 7 mg/m}
koncentraciéju natrium-metabiszulfit oldatot
pipettidba eldre felszivunk a reakeio ledllita-
sahoz. Az elegyhez ezutin hozzapipettdzunk
25 mikroliter 4,8 mg/ml koncentraciéja klér-
amin-T reagens oldatot, az elegyet gsszerdz-
zuk és pontosan 60 maisodperc milva az
eldre elkészitett natrium-metabiszuliit oldat
hozzdadasaval a reakciot befagyasztjuk.

Az elegyet ezutin oszlopkromatografias
moédszerrel vilasztjuk el a kovetkezGképpen:

Sephadex LH-20 (Pharmacia, Svéd gyart-
many) gélt desztillalt vizben 24 6rat duzzasz-
tunk, majd 20X1 cm méretii, alul elvezets,
felil bevezetd polietilén csdvel ellatoft tveg-
csdbe toltjiik, alkalmas oldészeradagold pe-
risztaltikus pumpdval (LKB, Svéd gyart-
maény) Osszekapcsoljuk, mintegy 10 percig
egyensiilyba hozzuk 0,2 mélos citromsavval
(pH 4) mintegy 0,5 ml/min dramldisisebesség-
gel. Az igy elGkészitett hordozéra a reakcio-
elegyet felvissziik, és az eliciét az el6z6 oldo-
szerrel folytatjuk. Az eluens radioaktivitdsit
folyamatosan detektaljuk oly mddon, hogy az
oszlop elvezeté csovét olommal arnyékolt,
Nal (T1) szcintilldciés kristdly (Gamma
gyartmany) el6tt vezetjik el, a kristdlyt pedig
-szdmlalo berendezéssel (scaler, Gamma gyirt-
many) és vonaliréval (Gamma gyiartmany)
kotjiik 6ssze. Az eluenst mérdhengerbe gyiijt-
jik, az elsd eluensbdl 50 mi-t alkalmazunk,
majd | molos citromsav (pH 4) és etil-alkohol
4:1 ardnyi elegyével folytatjuk, végiil az eta-
nol ardnyat 6:4-re emeljiik. A kivant termék
gyiijtését a detektdlo kesziilékben megjelend
csucs szerint végezziik, a radioimmun meg-
hatdrozdshoz a csiics kozepének megielelé
mintegy 5 ml-es frakciét valasztjuk kiilon.
Ennek radioaktivitdsa 10,2 MBq, ami 17,9%
radioaktiv hozamnak felel meg. A hozam ter-
mészetesen az elérhetonél 1ényegesen alacso-
nyabb, mivel a terméknek csak egy része keriil
gyiijtésre.

3. Példa

Vérplazma 13,14-dihidro-15-keto-PGE,
koncentriciéjanak radioimmun meghata-
rozdsa nyil vénds vérébal

7,5 ng/ml koncentriciéjii biciklo-PGEM
térzsoldatbo! izoténids séoldatban higitdsi so-
rozatot készitiink agy, hogy 1—1 mi térfogati
oldatmintikat kapjunk, melyek hatéanyag-
koncentraciéja 6—19—56—167—500 pg/ml.
A vérplazma mintdkat izoténids sdoldattal
tizszeresére higitjuk, és ezekbdl is 1—1 ml
térfogatii mintakat készitiink. A standard-,
illetve mintaoldatokhoz, valamint 1 ml izo-
tonias séoldathoz (,O“ standard) hozzdadunk
40 mikroliter 1 mélos Na,CO; oldatot, a cs6-
veket kémcsékeverGvel néhiny masodpercig
keverjiik, lezdrjuk, és 37°C-on tartjuk 20—
24 éraig. Ezutdn a fenti oldatokhoz 60 mikro-

“liter 1 molos kaliumdihidrogén-foszfat olda-
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. tot adunk, és a csoveket elGbbi médon kever-

jik. Sorszidmozott miianyag kémcsovekbe
automata pipettival a standard és a minta
oldatokbél 100—100 mikrolitert bemeériink,
majd hozzdadunk 100 mikroliter '?*I-biciklo-
-PGEM-TME {tracert, amelynek radioaktivita-
sa 30000—40000 cpm/100 mikroliter, és
100 mikroliter specifikus antiszérumot olyan
higitisban, amely a tracer 30--609%-4at ké-
pes megkétni. Valamennyi kémcsGbe, amely
nem a mérendd mintikat tartalmazza, beme-
riink 100 mikroliter a mintidkkal azonos higi-
tdsa de liggal nem kezelt nyalplazmat, mely
hatéanyagmentes plazmahattérként szolgal.
A nem-specifikus két6dés (NSB) meghata-
rozdsira tovdbbi kémcsovekbe az antiszérum
helyett 100 mikroliter tiszta pufferoldatot te-
sziink. A Bo/T és TC érték méréséhez sziik-
séges csovekbe, valamint az NSB — csovekbe
a standardokkal egyiitt kezelt ,O“-standard
oldatbdl pipettdzunk 100 mikrolitert.

A vérmintdk meghatdrozisahoz sziikséges
plazmamintakat agy kapjuk, hogy a vért mii-
anyag kémcsovekbe, 0,1 térfogatrész — 2%
etilén-diamin-tetraecetsav-dinatriumsot és
1 mmol indomethacint tartalmazé — izotonias
sdoldatra vessziik, majd azonnal 4°C-on,
10 percig, kb. 1000 x g gyorsulissal centri-
fugéljuk, és a tiszta plazmat kiilénvalasztjuk.
A centrifugélds és a mintavétel kozotti idoben
a vért jeges fiird6ben tartjuk.

Ugyanugy nyerjiik a kalibraciés gorbéhez
hattérként sziikséges hatéanyagmentes vér-
plazmat, de itt tobb allatbol szdrmazo vér-
plazmébol keveréket készitiink.

A térfogat valamennyi kémcséGben a miive-
let végén 0,4 ml lesz. A tracer és az antitest
oldésahoz, valamint a térfogatkiegészitéshez
7,4 pH-ju 0,1% zselatint tartalmazé foszfit
puffert hasznalunk.

A kémcsdvek tartalmat néhany masodper-
cig kevertetjiik, majd lezarjuk, és hiitdszek-
rényben 4°C koriili h6mérsékleten egy éjsza-
kan at alini hagyjuk. Ezutdn a TC csovek ki-
vételével minden kémcsdbe folyamatos keverés
kozben 2—3 perc alatt bepipettdzunk 0,5 ml —
0,5% Dextran T-70-et (Pharmacia, Svédor-
szdg) és 1% csontszenet (Norit-A, Serva
NSZK) tartalmazé — 0,01 molos, 7,4 pH-ju
foszfat puffer szuszpenziét, a TC csGvekbe
pedig azonos térfogati RIA-puffert. A csove-
ket az eldbbiek szerint kevertetjiik, majd 0°C-
-on, 10 percig, 2000 x g gyorsuldssal centri-
fugaljuk, és a feldliszokbol alkalmas mérg-
csovekbe 0,5—0,5 ml-t pipettdzunk, majd mér-
jiik ezek radioaktivitasat Nal(T1) szcintilla-
cios kristallyal ellatott automatikus minta —
valté berendezésben (pl.: Minigamma, LKB
Svédorszég gyartmany). A szamitast a radio-
immun meghatarozisokban szokdsos maddon
végezziik.

A fentiekbSl a szakember felmérheti a
taldlmany eldnyeit a technika allasiahoz ké-
pest. Az elény6kbdl kiemeljik:
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Az alkalmazott radiokémiai szintézis segit-
ségével kedvezd feltételek kozott eldallitha-
tunk olyan radioligandumot, nevezetesen az
(1) képletii '*I-biciklo-PGEM-TME szarmazé-
kot, amelynek nagy moldris aktivitdsa biz-
tositja a biciklo-PGEM (illetve PGEM) kon-
centricidjdnak az eddig hasznélt triciummal
jelzett tracerhez képest mintegy tizszer érzé-
kenyebb radioimmunolégiai meghatarozasit.

Az alkalmazott adszorpciés oszlopkroma-
tografids elvalasztastechnika biztositja a jod-
jelzett célterméknek a kiinduldsi anyagtol
valé tokéletes elvdlasztisat, és ezaltal a cél-
termék fajlagos aktivitAsa nem csokken a
reakci6o soran.

Az alkalmazott szintézis, amelynek célja a
PGEM alapmolekuldnak jodjelzésre alkalmas
oldallanccal val6 kapcsolasa, nem véltoztatja
meg a PGEM alapmolekula immunolégiai
tulajdonsdgat (azaz a specifikus antitesthez
valo kotodésének egyensiilyi dllandojat), ezil-
tal ,heterolég assay“-re alkalmassa vilik.

Az alkalmazott elvilasztistechnika a maés
forrasok altal ismertetett elvidlasztisi mad-
szerekkel szemben a radiojodos jelzés soran
nagyobb aktivitasmennyiségeknél is biztositja
a szilikséges sugidrvédelmet, és minimalisra
csokkenti a radioaktiv inkorporécié veszélyét.

Mindezek alapjin a taldlmany szerinti ij,
jod-125 izot6ppal jelzett radioligand alkal-
mazédsa olyan biciklo-PGEM radioimmuno-
assay megvaldsitasit teszi lehetové, amely
megdrzi a homolég assay specificitasit, de
tobbszorosére noveli annak érzékenységét,
mikbzben a sziikséges méréstechnika egysze-
riibbé, gyorsabbé és olcsobba valik, és jelen-
tosen csokkenthets a méréshez szitkséges anti-
test mennyisége is.

SZABADALMI IGENYPONTOK

1. Eljards biologiai szovetminta 13,14-di-
hidro-15-keto-PGE, (tovdbbiakban PGEM)
tartalmanak antigén-antitest reakcion alapulo
meghatarozasira, a PGEM kémiailag stabil
szarmazékan, 1i-deoxi-13,14-dihidro-15-keto-
-11B,16E-ciklo-PGE, (tovdbbiakban biciklo-
-PGEM) mérésén keresztiil ismert mennyi-
ségii, higitasi sorozat szerint kiilonb6zé kon-

vetminta jelenlétében, amelynek sordn ismert
mennyiségii, higitdsi sorozat szerint kiilon-
b6z6 koncentraciéji PGEM-et és a meghata-
rozandd biolégiai mintdk PGEM-hatéanyagit
ldgos kezeléssel biciklo-PGEM-mé alakitjuk,
majd megmérjiik nagy fajlagos aktivitdsu
radioaktiv nyomjelzé vegyiiletnek (tovabbiak-
ban tracer) specifikus antitesttel valo kotodé-
sét, és az ismert mennyiségii biciklo-PGEM
higitdsi sorozat altal okozott koétésvaltozas
alapjidn szamitjuk a mindenkori szévetminta
hatéanyagtartalmat, azzal jellemezve, hogy
tracerként (I) képletii '**1-biciklo-PGEM-tiro-
zin-metilészter szarmazékot alkalmazunk.

2. Az 1. igénypont szerinti eljaréds, azzal
jellemezve, hogy antitestként olyan anti-bicik-

0



HU 199630 B

9
lo-PGEM antiplazmat hasznalunk, melynek
affinitasi egyiitthatoja azonos, vagy kozel azo-
nos a biciklo-PGEM-re és a tracerre nézve.

3. Az 1. vagy a 2. igénypont szerinti eljéras,
azzal jellemezve, hogy hdromezer és szazezer,
elénybsen harmincezer és Gtvenezer cpm be-
{itésszdmu tracert alkalmazunk.

4. Az 1—3. igénypontok barmelyike szerinti
eljards, azzal jellemezve, hogy a specifikus
antitestet olyan mennyiségben alkalmazzuk,
amely a biciklo-PGEM nélkiili mintdban a
tracer 25—70, el6nydsen 40—609%-at képes
megkdtni.

5. Az | —4. igénypontok bdrmelyike szerinti
eljards, azzal jellemezve, hogy pufferoldat-
ként elonydsen zselatint tartalmazé foszfat
puffert alkalmazunk, melynek pH-ja 6—9, el6-
nyésen 7,0—7,5; koncentracidja 0,01—
0,2 mol/l, elénydsen 0,05—0,1 mol/l kdzotti.

6. Az 1—5. igénypontok barmelyike sze-
rinti eljirds, azzal jellemezve, hogy reak-
ci6idének egy és otven, elénydsen tizendt és
huszonnégy o6ra kozotti idGtartamot, reakcio-
hémérsékletnek pedig nuila és negyven Celsius
fok kozotti hdmeérsékletet alkalmazunk.

7. Az 1—6. igénypontok barmelyike sze-
rinti eljards, azzal jellemezve, hogy a mérendd
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biologiai szovetmintakat el6zetes tisztitds nél-
kil vagy elonydsen olddszeres extrakciot ko-
vetSen haszniljuk radioimmun meghatédrozas-
ra.

8. Az 1—7. igénypontok barmelyike sze-
rinti eljiras, azzal jellemezve, hogy a tracer
kotott és szabad frakciinak elvalasztdsara
dextrannal fedett aktiv szenet alkalmazunk.

9. Eljaras (I) képletii '**I-biciklo-PGEM-
-TME elbdllitisara, azzal jellemezve, hogy
(II) keépletii biciklo-PGEM-TME-t pufferolt
kézegben jodid ionokbdl elektrofil jodot képezg
reagens, eldnyésen pira-toluol-szulfoklér-
amin-ndtriumso, jelenlétében Na '?5[-dal rea-
galtatunk. .

10. A 9. igénypont szerinti eljaras, azzal
jellemezve, hogy az (1) képletii terméket a
(I1) képletii biciklo-PGEM-TME-tél fajlagos
aktivitdis csékkenése néikiil, kromatografias
médszerrel valasztjuk el.

11. A 9. vagy a 10. igénypont szerinti el-
jérds, azzal jellemezve, hogy a biciklo-PGEM,
tirozin-metil-észter és 1-etil-3-(3'-dimetil-ami-
nopropil) -karbodiimid-hidroklorid vizes tetra-
hidrofuranban t6rténd reagaltatisaval el6-
illitott (II) képletii reakciotermékbdl indulunk

i.

2 lap rajz, képletekkel
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Separation of '*|-labelled prostaglandin E,-tyrosine methyl ester by
reversed-phase high-performance liquid chromatography

I. MUCHA and G. TOTH*

Institute of Isotopes of the Hungarian Academy of Sciences, P.O. Box 77, H-1525 Budapest ( Hungary)
{Received October 12th, 1987)

Prostaglandin molecules, especially prostaglandin E, (PGE,) labelled with 1251
through their histamine, tyramine! or tyrosine methyl ester? derivatives have a wide-
spread use in radioimmunoassay (RIA). To obtain radioiodine-labelled material suit-
able for use in RIA, i.e., having only one !25] atom per molecule with as high a
specific activity as possible, it is necessary to achieve perfect separation of the labelled
material from its parent compound. As shown previously, adsorption column chro-
matography on Sephadex LH-20 gel is an efficient tool not only for the separation
of !25]-prostaglandin E,-tyrosine methyl ester ([*25I)PGE,-TME) from PGE,-
TME?3, but also for the separation with high specific activity of various labelled
steroid derivatives*~8. Although this method has a lot of advantages over thin-layer
chromatography, which is the usual method of laboratory-scale separation, it suffers
from the drawback of needing a relatively large amount of solvent and also the .
separation time is inconveniently long.

The aim of the present work was to elaborate an alternative procedure for the
isolation with high specific activity of [*25I]PGE,-TME from the labelling mixture
by the use of reversed-phase high-performance liquid chromatography (RP-HPLC),
with the expectation that this new method would eliminate the disadvantages of the
Sephadex LH-20 procedure.

For this purpose a simple ternary eluent was applied, which proved to be
suitable for both monitoring of the labelling reaction and the isolation of pure
['25T)PGE,-TME of high specific activity on a preparative scale. The baseline sepa-
ration of the monoiodo derivative from other labelled by-products and from the
inactive parent compound (PGE,-TME) was verified by monitoring the f-radioac-
tivity and UV absorbance simultaneously with the *25I-radioactivity. ['?5I)PGE,-
TME separated by this RP-HPLC procedure proved to be suitable for use as tracer
in RIA, as demonstrated by comparing some RIA parameters obtained with this
material with those measured with a tracer separated on Sephadex LH-20 gel.

MATERIALS AND METHODS

PGE, was coupled to tritium-labelled tyrosine methyl ester (TME) by the car-
bodiimide method as described previously2. [3H]TME was prepared in our laboratory
with high specific activity as described®, and diluted in inactive TME to specific
activity about 100 uCi/mg.

0021-9673/88/303.50  © 1988 Elsevier Science Publishers B.V.
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PGE,-TME was labelled with Na!2°I by the use of the chloramine-T method
and separated on Sephadex LH-20 gel as described3. For RP-HPLC separation a
two-pump (LKB, Type 2150) gradient system controlled by an HPLC controller
(LKB, Type 2152) was used. A uBondapak C,g column (300 mm x 3.9 mm, Waters
Assoc.) was attached on-line to a variable wavelength monitor (LKB, Type 2151),
to a sodium iodide (thallium) scintillation crystal and to a fraction collector (LKB,
Super-Rac, Type 2211), respectively. Samples dissolved in the HPLC solvent were
injected through a Rheodyne sample injector equipped with a 200-ul sample loop.
The solvent system was water—acetonitrile (2:1, v/v) with 30-50% methanol.

UV absorbance was monitored at 280 nm, the y-radioactivity counted by a
ratemeter attached to the scintillation crystal, while f-radioactivity of eluent fractions
was determined with a Packard Tri-Carb liquid scintillation spectrometer. y-Radio
activity and UV absorbance was registered simultaneously with a dual-channel po-
tentiometric recorder (LKB, Type 2210).

Experiments with 3H-labelled materials were made on the same system but
separately from !25]-labelled materials.

Anti-PGE, antiplasma was developed in rabbits against PGE,-thyroglobulin
conjugate and radioimmunoassay performed according to conventional RIA
methods.

RESULTS AND DISCUSSION

Radioiodination of PGE,-TME by the use of the chloramine-T method en-
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Fig. 1. Time course of radioiodination of PGE,-TME and the composition of the reaction mixture as
monitored by RP-HPLC. A 20-ul volume (0.5 uCi) of reaction mixture after labelling for 5 (A), 60 (B)
and 120 s (C) was eluted isocratically with water—acetonitrile (2:1, v/v)-methanol. The methanol concen-
tration was 35% and increased to 60% after 30 min. Flow-rate 1 ml/min. Pressure: 80 bar. Peaks: I =
free 12°I7; IT and III = unidentified labelled compounds; IV = monoiodo- and V = diiodo derivative.
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sures high incorporation of 1257 into the organic molecule. Under our experimental
conditions, a labelling time of about 60 s proved optimal. As is seen from Fig. 1, an
increase in labelling time failed to improve the yield of monoiodine-labelled target
compound.

In full accordance with our previous data, beside free iodine, three different
labelled products were observed in the HPLC profile (Fig. 1), which had originated
under normal conditions during the labelling procedure. In some instances, however,
two further labelled by-products could be detected in large amounts by HPLC, whose
retention times differed only slightly from that of the target compound. In these cases
the Sephadex LH-20 procedure was inefficient in separating the immunoactive ma-
terial from these unidentified non-immunoactive by-products, and the tracer thus
prepared would give poor results in RIA. However, RP-HPLC separation using iso-
cratic elution with water-acetonitrile-methanol could be applied with good results
even in these cases.

For separation on a preparative scale, i.e., from about 100 uCi to a few mCi
radioactivity, a reasonably low methanol content, i.e., 30-35%, is suggested in order
to achieve a baseline separation of each labelled component even at a relatively high
fraction volume e.g., 1 ml.

Data summarized in Table I indicate that the recovery of radioactivity is prac-
tically quantitative on a preparative scale.

For routine monitoring of the iodination reaction, an higher methanol content
is preferred. Perfect separation of labelled components can be achieved with as high
a methanol content as 50% and thus the analysis time can be decreased to about
10-15 min (Fig. 2). This is a valuable benefit as compared, e.g., to the very long
separation times for RP-HPLC separation of prostaglandins!®.

During radioiodination the starting material is added to radio-labelled iodine
in high molar excess in order that the production of the diiodo derivative is sup-
pressed. Considering this reagent ratio and the separation techniques employed to
prepare the monoiodine-labelled derivative for use in RIA, the main point is that the
labelled target compound has been separated efficiently from the inactive parent com-
pound. In the case of inefficient separation, a considerable decrease in specific activity
is expected which results in a decrease in RIA sensitivity.

However, as illustrated on Fig. 2, with the application of the present RP-HPLC
procedure, the difference between the retention time of PGE,-TME as determined
by simultaneous monitoring and measurement of the 3H-radioactivity of

TABLE I
RECOVERY OF RADIOACTIVITY

A labelling reaction mixture (200 uCi) was separated by RP-HPLC with 40% methanol. Flow-rate: |
ml/min. Fraction size: 1 ml. For peak numbers see Fig. 1.

Fraction
1 m v |4 Remainder Total
Radioactivity (uCi) 15.8 41.4 71.7 25.6 18.1 178.6

% of total activity 8.8 23.2 43.5 14.3 10.1 100.0
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Fig. 2. Separation by RP-HPLC of ['?°I]PGE,-TME from PGE,-TME. Isocratic elution was performed
with 50% methanol. (A) *H-radioactivity of [P H]JPGE,-TME (2 uCi, 20 ul injected); (B) UV absorbance
of PHJPGE,-TME (2 ug, 20 ul injected); (C) ['2S1]PGE,-TME isolated by RP-HPLC from a prepara-
tive-scale experiment (0.5 uCi, 10 ul injected). For other parameters see Fig. 1.

[*H]PGE,-TME and that of ['?SI]PGE,-TME confirmed a perfect separation even
at an high methanol concentration. Under these conditions, [*H]TME, had a reten-
tion time of 6 min, while different prostaglandins were eluted at about 5 min. On a
preparative scale, i.e., with a lower methanol concentration, the separation is of
course much more effective as a consequence of the increase in retention time of each
component.

The adsorption—elution patterns of the individual labelled components are es-
sentially similar in RP-HPLC to that reported previously for Sephadex LH-20 ad-
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sorption chromatography?, i.e., free iodine is eluted with the dead volume, while
organic labelled products are eluted in the same sequence as from Sephadex LH-20
gel. This was verified by determining the HPLC retention times of the individual
fractions separated on Sephadex LH-20 (not shown). However, contrary to the Se-
phadex LH-20 technique which differentiates mainly according to the number of
iodine atom(s) per molecule!!-'2, this RP-HPLC method is also selective according
to the structural differences of prostaglandin molecules. It is worth mentioning that
data are also available which support an elution pattern of various iodothyronines
according to the number of iodine atoms also in RP-HPLC with binary eluents!3.
Contrary to RP-HPLC procedures used for the separation of prostanoids as free
acids, with the eluent we applied to the iodinated derivatives the presence of an
organic acid in the medium is not required. This lack of acid does not affect the
separation efficiency or reproducibility, but eliminates either the pronounced ten-
dency of the radioiodine labelled product to decompose in acidic media or the pos-
sibility of conversion PGE, into PGA,.

We also checked the RIA quality of [!?°I]PGE,-TME prepared by RP-HPLC
separation. As is seen in Fig. 3, the standard dose-response curves obtained with an
HPLC tracer and with a tracer separated on Sephadex LH-20 gel, respectively, were
essentially identical and there were no significant differences in the typical RIA
parameters.
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Fig. 3. PGE, radioimmunoassay with different ['2°I][PGE,-TME tracers. ['2’I]PGE,-TME was separated
either by RP-HPLC (A) or by Sephadex LH-20 column chromatography (B). Values of the specific binding
of tracer in the absence of PGE; standard material were 40.4 (A) and 34.7% (B), the non-specific binding
expressed as per cent of the total radioactivity was 2.8 (A) and 2.2% (B), while the amounts of PGE,
necessary to cause 50% inhibition of tracer, i.e., IC-50 values, were 20.1 (A) and 20.8 pg (B) respectively.
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While retaining the advantages over thin-layer chromatography of the Sepha-
dex LH-20 column chromatography separation method, i.e., most efficient peak reso-
lution, suitability for use in RIA, effective protection during handling radioactive
materials on a preparative scale, etc., this simple RP-HPLC method also makes it
possible to save solvent and to decrease the separation time considerably. In addition,
it ensures a radioactive concentration high enough for use in RIA even under con-
ventional laboratory conditions, when the total radioactivity used in a single labelling
reaction usually does not exceed 100 uCi, a value which is too low to achieve a
suitable RIA concentration by the use of column chromatography.
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Separation of '?%]-labelled prostanoid derivatives by reversed-phase
high-performance liquid chromatography

I. MUCHA* and G. TOTH
Institute of Isotopes of the Hungarian Academy of Sciences, P.O. Box 77, H-1525 Budapest ( Hungary)
(First received February 28th, 1989; revised manuscript received July 10th, 1989)

Prostaglandin molecules labelled with 2°I through their histamine and tyra-
mine! or tyrosine methyl ester!'? derivatives are widely used in radioimmunoassay
(RIA). Sephadex LH-20 column chromatography used to separate '2°I-labelled pros-
taglandin E, monoiodotyrosine methyl ester from the non-radioactive parent com-
pound? enabled the high specific activity required for RIA to be achieved. Recently
we have shown that reversed-phase high-performance liquid chromatography (RP-
HPLC) can be used as an efﬁcient alternative to Sephadex LH-20 column chromato-
graphy for the same purpose®.

In this study, we extended the RP-HPLC method to the analytlcal separation of
1251.1abelled monoiodotyrosine methyl ester (TME) derivatives of various prosta-
noids, including thromboxane B,, from each other and from their non-radioactive
parent compounds used as target materials for the preparation of labelled derivatives.
We report here the separation of TME and [*?*IJmonoiodo-TME derivatives of 6-
ketoprostaglandin F,, (6KPGF), prostaglandin F,, (PGF,,), prostaglandin E,
(PGE,), thromboxane B, (TXB,), 13,14-dihydro-15-keto-PGF,, (DHKPGF) and
11-deoxy-13,14-dihydro-15-keto-11B,16E-cyclo-PGE, (bicyclo-PGE,) (Fig. 1).

For this purpose, a water—acetonitrile-methanol ternary eluent was used and
the retention values of [*2°I)monoiodo-TME derivatives as a function of the metha-
nol concentration in the solvent mixture were determined. Isocratic elution proved to
be suitable for the separation of the compounds in the polarity range from the
6KPGF to the DHKPGF derivatives. To cover a wider range of polarity, i.e., to
include more hydrophobic derivatives in a single run, a linear gradient of methanol
was applied. We found that either isocratic or gradient elution RP-HPLC ensured the
separation of [*25IJmonoiodo-TME from unlabelled TME derivatives.

We also studied the effect of low pH on the separation process and found that it
decreased the retention time of 6KPGF derivatives (both TME and [*2°I]monoiodo-
TME derivatives), but had only a moderate effect on the retention time of other PG
derivatives.

EXPERIMENTAL

Prostanoids were coupled to TME according to general procedure® as modified
previously for PGE, and PGF,,2. Bicyclo-PGE, was prepared from 13,14-dihy-
dro-15-keto-PGE, according to the method of Granstrém and KindahlS.

0021-9673/89/$03.50 © 1989 Elsevier Science Publishers B.V.
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Thromboxane B2

6-keto-PGF 14

Prostaglandin E2
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COOH Bicyclo-Prostaglandin E2
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Fig. 1. Structures of prostanoids.
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Fig. 2. Reaction scheme for the preparation of ['?*IJmonoiodo-TME derivatives of prostanoids. For
RCOOH, see Fig. 1.

TME derivatives were labelled with Na'?>[ by the use of the chloramine-T
method and separated for RP-HPLC analysis on Sephadex LH-20 gel by slight mod-
ifications of the separation procedure elaborated for TME derivatives of PGE, and
PGF,,>. b

For RP-HPLC separation, a two-pump (LKB Type 2150) gradient system con-
trolled by an HPLC controller (LKB Type 2152) was used. An Aquapore Cartridge
column, RP-18 (Spheri-5), 100 x 4.6 mm [.D. (Pierce) equipped with a guard car-
tridge was attached on-line to a variable-wavelength monitor (LKB Type 2151) and
to a sodium iodide (thallium) scintillation crystal. Non-radioactive samples dissolved
in the HPLC solvent and labelled materials dissolved in 30-50% ethanol were in-
jected through a Rheodyne sample injector equipped with a 200-ul sample loop. The
solvent system was water—acetonitrile (2:1, v/v) mixed with methanol in various ra-
tios.

UV absorbance was monitored at 280 nm and the gamma radioactivity counted
by a ratemeter attached to the scintillation crystal. The two signals were registered
with a dual-channel potentiometric recorder (LKB Type 2210).

RESULTS AND DISCUSSION

We determined the elution times of individual '?°I-labelled derivatives in the
polarity range from the appropriate 6K PGF derivatives to DHKPGF derivatives as a
function of methanol concentration in solvent mixtures using isocratic elution. Table
I demonstrates that when the solvent contained 45% methanol the separation time
was reasonably short (less than 20 min) and the resolution of various derivatives was
efficient enough for analytical purposes.

S,
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TABLE |
RETENTION VOLUMES (ml) OF VARIOUS PROSTANOID DERIVATIVES

Each derivative was run separately. Solvent A, water-acetonitrile (2:1, v/v); solvent B, methanol. Dead
volume, 1.0 ml; flow-rate, 1.0 ml/min.

Prostanoid B(%)

40 45 50

TME  [“*IJTME TME  [‘®[JTME TME  ['*IJTME

6KPGF 2.5 5.6 1.9 4.5 1.7 38
TXB, 38 7.0 29 5.4 2.5 4.2
PGE, 4.6 8.6 3.5 6.4 3.1 49
PGF,, 48 9.3 3.6 7.0 34 5.4
DHKPGF 6.2 12.0 417 9.0 4.1 6.3
Bicyclo-PGE, 9.8 229 1.5 16.2 5.2 10.7

The capacity factors calculated from the retention volumes of individual peaks
and from the dead volume (1 ml) were at least 1, except for 6KPGF derivatives with
eluents containing more than 40% of methanol. The resolution determined by calcu-
lating the separation factor according to Meyer’ was found to be the smallest for
PGE, and PGF,,, but even in this instance an average resolution of about 1, which
led to overlap of neighbouring peaks of only a few per cent’, could be achieved. This
was demonstrated by separation experiments performed with a two-component mix-
ture containing identical amounts of PGE, and PGF,, derivatives.

As shown previously* for [!2°TJPGE,-TME, an RP-HPLC method using iso-
cratic solution with a water—acetonitrile-methanol ternary eluent could be used for
the efficient separation of the !25I-labelled monoiodo derivative from the non-radio-
active PGE,-TME. The present observations show that this also holds for all other
[*2°TJmonoiodo-TME derivatives and their non-radioactive parent compounds.
Moreover, the TME derivatives can be separated not only from !2°I-labelled com-
pounds, but also from each other, as demonstrated in Fig. 3 (in order to improve the
separation factor for non-radioactive TME compounds, we used 40% methanol in
the eluent in these experiments).

It can be seen from Fig. 3 that certain less polar TME derivatives co-migrate
with certain more polar [!2°’I]TME derivatives, e.g., PGE,-TME and PGF,,-TME
with [*23])6KPGF-TME and DHKPGF-TME with [!2°T]TXB,-TME. This overlap,
however, cannot be regarded as a substantial drawback to the utility of this sep-
aration system, as in laboratory practice the labelled derivatives are not usually ana-
lysed together with the non-radioactive parent compounds. In a normal labelling
procedure, the reaction mixture to be analysed contains one unlabelled prostanoid
species as a target compound and the labelled derivative(s) produced. In this respect,
the separation system is efficient, i.e., there is a baseline separation for each pair of
unlabelled—labelled derivatives.

This efficiency allowed us to employ the method for the separation of individual
monoiodo derivatives of various prostanoids from their non-radioactive parent com-

pounds also on a peparative scale in a similar manner to that reported previously for
PGE,*.
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Fig. 3. Separation by RP-HPLC of (A)TME and (B)[*?*IJmonoiodo-TME TME derivatives of prostanoids.
[*231]Monoiodo-TME (injected amount 10-20 ul, 0.5-1 uCi) and TME derivatives (injected amount 1-2
ug, 5-10 pul) of 6KPGF (I), TXB, (II), PGE, (III), PGF,, (IV) and DHKPGF (V) were eluted isocratically

with water—acetonitrile (2:1, v/v) containing 40% (v/v) methanol at a flow-rate of | ml/min. Free radioio-
dine elutes with the dead volume at 1.0 min.
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Normally during the labelling of a particular TME derivative, one would not
expect the conversion of the original prostanoid structure into another type to occur,
and therefore the reaction mixture usually cannot contain the [*?*IJmonoiodo-TME
derivatives of other types of prostanoids. However, the fact that ['?3]Jmonoiodo-
TME derivatives of various prostanoids that have only slight structural differences
can be separated so efficiently makes it likely that the RP-HPLC method reported
here will work even more efficiently in typical real applications, i.e., when the sep-
aration from labelled by-products and parent material of only a particular mono-
iodinated derivative is required.

It can also be seen from Fig. 3 that the band spreads for the radioiodinated
compounds are larger than those for the unlabelled compounds. This peak broad-
ening, however, in contrast to that caused by low pH as discussed below, originates
from the relatively high volume (50 ul) of the flow cell of the scintillation detector.
However, to achieve an appropriate sensitivity at the flow-rate (I ml/min) involved
for as low as 0.5-1 uCi of radioactivity injected, this high volume is necessary. Higher
resolution for labelled compounds can be achieved by decreasing the volume of the
flow cell and increasing the amount of radioactivity injected.

To decrease the separation time while retaining an acceptable resolution, a
linear methanol gradient in the same solvent system can be applied. Gradient elution
is also useful with respect to the polarity range of derivatives to be separated. Fig. 4

i 5
I1I
II
v
1 VI
A 1 A A 1 1 L 1 1 1 1 ¥ - 1 'l L mln
* 5 10 15

Fig. 4. Separation by RP-HPLC of ['?°Ilmonoiodo-TME derivatives using a linear gradient. Elution was
started with 45% methanol in water-acetonitrile (2:1, v/v), increasing to 80% from 8 to 13 min. Flow-rate,
I ml/min. VI = bicyclo-PGE,; other compounds as in Fig. 3.
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demonstrates that the hydrophobic ['2°IJmonoiodo-TME derivative of bicyclo-
PGE,, which would require an inconveniently long separation time in isocratic elu-
tion (Table I), can be eluted in less than 15 min in a single run with the more polar
[*2°I)monoiodo-TME derivatives of 6KPGF, TXB,, PGE,, and DHKPGF. Under
these conditions, the elution volumes of the non-radioactive TME derivatives are
unchanged (Table I), and therefore the good separation from target compounds of
[*25TJmonoiodo derivatives is subsequently guaranteed. In addition to its use reported
here, gradient elution is used routinely in our laboratory for the follow-up of labelling
procedures for various protanoid derivatives, so that the retention volumes of the
hydrophobic diiodo derivatives produced during the iodination process are de-
creased.

In contrast to the RP-HPLC separation of free prostanoids, which is generally
performed in acidic eluents, with the TME and ['2°IJmonoiodo-TME derivatives of
PGE, we found it disadvantageous to acidify the ternary eluent*. In this work, the
effect of pH on the separation time and efficiency was studied further by using the
same isocratic solvent system. For this purpose, the solvent was acidified to pH 3.0
with acetic acid. The retention times obtained with 40% and 50% methanol concen-
trations are summarized in Table II. Comparing these values with those obtained
with an unacidified solvent mixture (apparent pH 6.0) (Table I), it can be seen that
with a decrease in pH the retention times of both the TME and [!25IJmonoiodo-TME
derivatives of 6KPGF doubled, but only a 10-20% increase was observed with the
other prostanoid derivatives. The large increase in retention times of 6KPGF deriv-
atives was accompanied by a simultaneous very strong peak broadening. A pro-
nounced tendency for peak broadening was also observed with other TME and
[125I)monoiodo-TME derivatives, although to a much smaller extent than that ob-
served with 6KPGF derivatives. Still, this peak broadening results in an undesirable
decrease in the separation factors, and makes it disadvantageous to apply an acidified
solvent mixture for analytical purposes.

To explain the significant change in the retention volumes of 6KPGF deriv-
atives, it is worth mentioning that 6K PGF itself is known to isomerize to a hemiketal

TABLE 11
RETENTION VOLUMES (ml) IN AN ELUENT MIXTURE OF pH 3.0 |

Each derivative was run separately. Solvent A, water—acetonitrile (2:1, v/v) containing 0.1% (v/v) of acetic
acid; solvent B, methanol. Dead volume, 1.0 ml; flow-rate, 1.0 ml/min.

Prostanoid B (%)

40 50

TME  ['IJTME TME  [‘*IJTME

6KPGF 43 1.9 3.1 5.3
TXB, 4.2 7.9 2.7 45
PGE, 5.1 9.9 26 4.1
PGF,, 5.6 10.7 3.2 5.2
DHKPGF 7.3 14.2 4.1 6.3

Bicyclo-PGE, 9.3 275 5.2 12.2
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form, which results in a peak broadening on silica gel thin layers®. It is also interesting
that the [*2>I]histamine derivative of 6KPGF could be isolated in two interconvert-
ible forms, that had the same immunoactivity®.

These observations raise the possibility that a changed equilibrium at pH 3
between the ketone and hemiketal forms of 6KPGF may account for the significant
increase in the retention volume of 6KPGF-[!25I)monoiodo-TME that we observed.
This phenomenon suggests that the structure of an eicosanoid may play a determin-
ing role in the chromatographic properties of [*2°IJmonoiodo-TME derivatives of
prostanoids. If so, the contribution to the elution pattern of the TME and [' 2’ ][TME
derivatives of the parent prostanoid structure may have a beneficial effect with regard
to RP-HPLC selectivity. Considering the relatively high pX value of the phenolic OH
group in ortho-monoiodo derivatives (pK = 8.0), the decrease in pH from 6.0 to 3.0
cannot be considered to affect the ionization pattern of the tyrosine function, but only
that of prostanoid skeleton. 1t can be concluded that it is the definitive role of the
prostanoid structure that underlies the good selectivity, which is superior to those of
other separation methods, in this RP-HPLC system. Accordingly, we always ob-
tained a better resolution for various derivatives with the RP-HPLC system-than with
the use of either Sephadex LH-20 adsorption chromatography or silica gel thin-layer
chromatography.
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ABSTRACT Arterial levels of 13,14-dihydro-15—keto-PGE2 (PGEZ—M), a
stable metabolite of prostaglandin E, (PGE,) were compared between un-
anesthetized pregnant (n=12) and nonpregnant (n=8) rabbits with the aim
of elucidating the role PGE, in the development of physiological hypo-
tension associated with pregnancy. On the 20th and 22nd days of the 30
day gestation period the mean arterial concentrations of PGE,-M were
about 10-times higher (p< 0.05) and largely variable as compared to that
of nonpregnant rabbits. Mean arterial pressure was not lower on either
the 20th (69+4 mmHg, meantSD) or the 22nd (70+3 mmHg) days of gestatlon
(dg) than in nonpregnant rabbits (69+4 and 73+6 mmHg, respectively).

the 23rd dg hypotension was invariably present (61+5 mmHg vs 72+4 in
nonpregnants, p< 0.001), but arterial levels of PGEZ-M (31. 0+31 6 ng/ml)
did not overcome those measured on earlier, normotensive days of gesta-
tion. Hypotension was also evident in a subgroup of pregnant rabbits
(n=4) with low PGE,-M concentrations in the nonpregnant range (3.2+l1.5
ng/ml vs 1.9+1.2 in nonpregnant rabbits, ns). Since the arterial level
of PGEZ-M proved to correlate (p< 0.001) with both the uteroplacental
venous and renal venous PGE, concentrations, we suggest that a key role
of uteroplacental and renal PGE, played in the development of gestatio-
nal hypotension is not probable in rabbits.

INTRODUCTION Gestation in humans (1), rabbits (2), rats (3) and dogs
(4) is associated with arterial hypotension. Blood pressure decreases
during pregnancy in spite of a marked increase of cardiac output (5).
Accordingly, the development of gestational hypotension may be ascribed

AUGUST 1990 VOL.. 40 NO. 2 143
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to the reduction of peripheral vascular resistance. Blood (6-9) and
urine (10-15) contain increased amounts of prostaglandin E, (PGE,), a
vasodilator autacoid, during gestation. The combination of high PGE
production and low blood pressure may support the concept of PGE, cont-
ributing to the gestational decrease of vascular resistance. In order
to study the involvement of PGE, in the development of pregnancy indu-
ced arterial hypotension we measured blood pressure and the arterial
concentration of PGE, and 13,l4-dihydro-15-keto-PGE, (PGE,-M), a stable
metabolite of PGE, in conscious, unstressed pregnant rabbits. Blood
pressure and prostaglandin levels were studied on the 20th, 22nd and
23rd days of the 30-32 day gestation, respectively. A similar experi-
mental protocol was followed in a control group of nonpregnant rabbits.

METHODS Pregnant and nonpregnant New Zealand white rabbits weighing
3.5-4.0 kg were used. The animals had free access to synthetic food
(Labor-K rabbit chow, containing 17 NaCl, LATI Hungary) and tap water
and were housed in individual cages. The gestation of the rabbit is 30-
32 days; studies were performed at the beginning of the 3rd trimester
between the 20th and 23rd gestational days. This period of gestatiomn
was chosen, because in earlier studies (2) we have found that the onset
of the physiological, pregnancy induced hypotension did not occur
before the 20th but was invariably present on the 23rd day of pregnancy.
Mean arterial pressure (MAP) was measured directly in the central
ear artery (2). In order to induce vasodilation of the ear artery and
thereby level the local intraarterial pressure with the pressure in
the carotid artery rabbits were kept warm (37—38°C) for 30 min before
MAP measurements. In preliminary studies using 7 rabbits instrumented
by an indwelling microprobe thermocouple (Columbus Instruments,Colum-
bus Ohio) in the carotid artery we compared blood temperature before
and after the 30 min warming period using Cardiomax II (Columbus Inst-
ruments, Columbus Ohio). Blood temperature was increased by 0.7010.32°C
(meantSD). Local anesthesia was induced by lidocain (2%) applied sub-
cutaneously at the root of the ear. Then, rabbits were placed in a
restraining cage and after the elapse of 8-10 minutes following arteri-
al puncture by a 22-G needle catheter, three subsequent MAP (diastolic
pressure plus one third of pulse pressure) recordings were taken 5 min
apart (2). The average of these values was taken as representative.
MAP of our nonpregnant rabbits corresponded to previous reported values
detected either in the catheterized abdominal aorta (16,17) or the
central ear artery (18-20) of nonpregnant rabbits. In a preliminary
study using 8 nonpregnant and 4 pregnant unanesthetized rabbits inst-
rumented with a chronic indwelling catheter in the right carotid arte-
ry, carotid and contralateral ear artery MAP-s were recorded simultane-
ously. MAP in the carotid artery of these 12 animals ranged from 59 mmHg
to 115 mmHg (a range corresponding to previous reported data, refs. 17,
21). The linear regression analysis indicated strong correlation between
ear and carotid arterial pressures: MAP (carotid, mmHg) = 1.04xMAP (ear,
mmHg) + 3.43 mmHg, n=96, r=0.962, p<0.0001).
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After MAP recordings 4 ml arterial blood was collected in chilled
plastic tubes containing 250 units of heparin (Gedeon-Richter Buda-
pest) and 20 ug indomethacin (Sigma) each. Samples were promptly cent-
rifuged (2000g, 15 min, 4°C) and plasma was stored at -20 C until as-
say for PGE, and 13,14-dihydro-15-keto-PGE (PGEZ-M) concentrations.
PGE Plasma prostaglandins were extractea according to Powell et al
(22% with slight modification. Acidified plasma samples (1 ml) were
slowly pushed through ethanol and water (20 ml each) pretreated Sep-
Pak C18 cartsidges (Waters Associates,Milford, Maryland) after the
addition of "H-PGE, to assess recovery. Inactive prostaglandins were
purchased from Upjohn Co. (Kalamazoo, MI). Cartridges were washed with
10 ml water, 10 ml 10 Z ethanol and 10 ml n-hexane. Prostaglandins
were eluted with 10 ml ethyl-acetate. This fraction was washed with
2 x 1 ml water, then evaporated under vacuum at 40°C and dissolved
in 1 ml isotonic saline. Phosphate buffer subjected to similar proce-
dure served as reagent blank. Average recovery of radioactive tracer
was 60.6+11.7 Z (SD)(n=7), and an average vreagent blank (n=14) of
4.1+1.2 pg was observed. Immunoreactivity TESplasma samples was cor:-
rected by the value of the reagent blank. I-PGE,~-tyrosine-methyl-
ester served as tracer. Antiserum was raised against PGE,-bovine
serum albumin conjugate in rabbits. Cross-reactivity of the antiserum
was as follows: PGE,:100%, PGF, :2%, 6-keto-PGE,:1.6%, PGF«:1.4%,
PGA,:0.35%, PGD :0.15%, 13,14—aihydro—15—keto-P&F «:0.05%2,713,14-di-
hydro—lS-keto-P&E :0.05%, 6-keto-PGF,., TxB,, ll-dehydro-TxB,, 13,14-
dihydro-6,15-dike%o—PGFr*, 9«,118-PGF,, and arachidonic acid Iess than
0.017%. Measuring range of the assay: %.4-300.0 pg/tube; detection li-
mit: 2-3 pg/tube; the amount of cold PGE, sufficient to displace 507
of bound ligand (IC50): 12-20 pg/tube. To 100 ul saline containing
plasma prostaglandins, 100 ul radioactive tracer (20,000-40,000 cpm)
and 100 ul antiserum (diluted to 1:10,000) was added. The above mix-
ture was adjusted to 400 ul with phosphate buffer (50 mM pH 7.3) con-
taining gelatine (0.17)(Sigma) and the tubes were incubated overnight
at 4°C. The unbound tracer was adsorbed using 0.57 dextrane (Dextrane
F-70 Serva) and 17 charcoal (Norit A Serva) suspended in phosphate
buffer (10 mM pH 7.3). After centrifugation, the radioactivity of the
bound fraction in the supernatant was counted. The intra- and inter-
assay coefficient of variation was below 10 and 20 Z, respectively.
Validation of PGE, radioimmunoassay (RIA) by immuno-thin-liayer-chroma-
tography. Extracted plasma samples were chromatographed on Kieselgel
60 plates (Serva) in water-saturated ethyl-acetate as developing sol-
vent. After development 0.5 lanes were scraped and eluted with ethanol.
Aliquots of ethanolic solutions were evaporated, the residue dissolved
in assay buffer and measured by PGE,-RIA. As it can be seen on Figure
1A, 100%Z of PGE-like immunoactivity of plasma extracts co-migrated
with authentic PGE,. This proved that the solid phase extraction app-
lied could efficiently remove cross-reacting immunoreactive materials
from plasma.
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Fig 1. Immuno-thin-layer-chromatography of plasma e:ftract':s gcoloumns)
and authentic prostanoids (arrows). Numbers on abscissa indicate cen-
timeters. Abbreviations: 6k - 6-keto-PGF,,, F, - PGF,, Tx - TxB,, E, -
1X é 2 % 2
PGE,, D, - PGD,, EM - 13,l4-dihydro-15-keto-P E,, AM - 13,14-dihydro-
lS—ﬁeto—PGAz, %A - arachidonic acid.
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PGE,-M  13,l4-dihydro-15-keto-PGE, (PGE,-M) concentration was measu-
red after converting PGE,-M to the stable derivative, ll-deoxy-13,14-
dihydro~15-keto-11B,16E-cycloprostaglandin E2 (bicyclo—PGEZ, Ref. 23).
For the measurement of bicyclfigGE we developed a sensitive and spe-
cific radioimmunoassay using I-Iabelled bicyclo-PGE,-tyrosine-me-
thylester as a radioligand. Antiserum was raised in ra%bits against
bicyclo-PGE, conjugated to bovine serum albumin (BSA). Bicyclo-PGE,~
BSA (1 mg/0.5 ml saline) was mixed 1:1 with complete Freund adjuvart
and injected intradermally at 50~70 sites on the back. Boosters (half
of the initial amount) were similarly administered 3 months later and
monthly thereafter. Antibody production was first detected following
the 2nd and an appropriate antiserum could be harvested following the
7th booster. Antiserum selectivity was as follows: 13,l4-dihydro-
15—keto-PGE2:0.ISZ, PGA,: 0.02%, and less than 0.001 Z for PGD,,
PGEZ, PGE. , PGde, PGF 4 » 6~keto~PGF o TxB,, ll-dehydro-TxB,, 9«,11g8-
PGF,,, 13,}4—dihydro-6,}S-diketo—PGF « and arachidonic acid. Detection
limit: 1 pg/tube; average dose corresponding to IC50 from 16 indepen-
dent calibrations: 7.39+1.29 pg/tube. Intra- and interassay coeffici-
ents of variation using 5.6 pg pure substance were 7 and 8 7 (16 de~
terminations), and for plasma samples in the range of IC50+20 con-
centrations were under 10 and 20 7, respectively.

Plasma samples were extracted as described above for PGE, extrac-
tion. Extraction recovery was assessed by the addition of 3ﬁ—PGE -M
(68.3+11.3 Z n=7). Reagent blank was always under detection limit.

One ml saline containing the crude plasma extract was diluted 1:5 with
saline and alkalinized by the addition of 40 ul 1 M Na,CO, (17). Fol-
lowing a 16-20 hour incubation period at 36°C, 60 ul KﬁzP was added.
Standard 13,14-dihydro-15-keto-PGE, solution was similarly treated.

To 100 ul samples of plasma extracts or standards, 100 ul tracer
(20,000-40,000cpm), 100 ul diluted (1:60,000) antiserum and 100 ul
phosphate buffer ( 50 mM, pH 7.30) containing 0.1 7 gelatine was ad-
ded. Incubation lasted overnight at 4°C. Bound and unbound tracer were
separated as described under PGE, assay.

Validation of bicyclo-PGE, RIA by immuno-thin-layer-chromatography.
Chromatographic procedure was the same as that described for PGE,.
Aliquots of ethanolic eluates of individual lanes were evaporatea to
dryness, then redissolved in saline and treated according to RIA pro-
cedure. The PGE,-M immunoactivity of plasma extracts co-migrated with
standard PGE,-M (Fig 1B). Only a few per cent of immunoactivity was
detected in the zone corresponding to 13,14-dihydro-15-keto-PGA,, a
dehydrated product of PGE_-M, which also forms bicyclo-PGE, after al-
¥? ine treatment. This observation provides evidence that %he new

I-bicyclo-PGE, RIA described here is suitable for the measurement
of PGE,-M in rab%it plasma after solid-phase extraction without fur-
ther purification of crude extract.

Experimental protocol Arterial blood pressure measurements and col-
lection of arterial blood were carried out on the 20th, 22nd and 23rd
day of gestation in 12 pregnant rabbits. In a total of 22 pregnant rab-
bits, on the 23rd day of gestation, median laparotomy was performed
under pentobarbital anesthesia and blood was collected from a large
uterine and the left renal vein for PGE2 assay. Nonpregnant rabbits
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(n=8) served as controls.

Statistical analysis Levels of significance were calculated by the
Wilcoxon-test (24). Linear regression was employed for the analysis
of correlation. A "p'" value less than 0.05 was used as the level of
significance. Data are presented as means + standard deviation.

RESULTS As compared to the nonpregnant levels the arterial concent-
ration of 13,l4—dihydro—15-keto-PGE2 (PGE,-M) was higher in pregnant
rabbits on each of the 20th, 22nd and 23rd days of gestation (dg)
(Table 1). In pregnant rabbits the arterial PGE.-M concentration ranged
from 0.5 to 92.7 ng/ml. In contrast to PGE,-M, the difference in the
arterial concentration of PGE, between nonpregnant and pregnant rabbits
did not reach statistical significance.

On the 20th and 22nd dg mean arterial pressure (MAP) in pregnant
rabbits did not differ from values measured in nonpregnant controls
(Table 1). Gestational hypotension, however, appeared in each of the
pregnant rabbits by the 23rd dg with MAP values lower by about 1l mmHg
(p€0.001) in average than in nonpregnant animals. On the 20th and 22nd
dg unchanged MAP was asscciated with highly variable but in average a
markedly elevated arterial PGE,-M level (Table 1). On the 23rd dg, when
hypotension was present in eacﬁ pregnant rabbit, the arterial PGE,-M
(and PGE,) concentrations were not higher than those measured on the
20th and 22nd dg. At the same time hypotension was fully manifested
in some pregnant rabbits with arterial PGE,-M concentrations not signi-
ficantly differing from the nonpregnant va%ues (Table 1). The mean
PGE,-M concentration in these pregnant rabbits (# 1-4) was 3.2+1.5 ng/
ml. '

On the 23rd dg the uterine venous blood contained largely variable
but in average higher amounts of PGE2 than in nonpregnant rabbits
(352.0+356.2 ng/ml vs 1.4+0.6 ng/ml, p€0.001). The uterine venous PGE,
concentration varied from 0.9 ng/ml to 995.0 ng/ml and there was a po-
sitive correlation (r=0.909, p{0.001) between the uterine venous PGE
and the arterial PGE,-M levels. The renal venous PGE, concentration
was also higher in pFegnant than in nonpregnant rabbits (7.8+7.8 ng/

ml vs 1.140.7 ng/ml, p{0.001). In pregnant rabbits, a positive corre-
lation (r=0.893, p{0.001) could be revealed between the remal venous
PGE and the arterial PGE,-M concentrations, too.

%hese findings indicate” that during rabbit gestation the markedly
increased uteroplacental and renal PGE, release may not necessarily be
associated with arterial hypotension, and additionally, that arterial
hypotension may develop in the absence of increased PGE2 formation.

DISCUSSION According to a popular but unproven hypothesis vasodila-
tor prostaglandins - PGE, and prostacyclin - may be responsible for

the dilated vascular spaCe and lower arterial pressure characterizing
normal pregnancy (7,25). The urinary excretion of PGE, (10) and prosta-
cyclin metabolites (11) were demonstrated to be higher in pregnant than
in nonpregnant women. Venuto and Donker (12) and Paller (13).have re-
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Table 1. Prostaglandin E, and gestational hypotension in rabbits

2

gestational day

20. 22, 23,
arterial arterial arterial
PGE2 PGE,-M pressurea PGE PGE.-M pressure PGE PGE,-M pressure
ng/ml ng/ml mmHg ng/ml ng/ml  mmHg ng/ml ng/ml mmHg

rabbit #

1 0.49 0.50 68 0.59 2.70 70 0.10 0.70 61

2 1.17 0.70 72 - 2,81 71 0.34 3.81 63

3 2.05 6.42 75 - 2,91 72 0.13 3.89 62

4 1.94 9.50 70 0.23 4.80 72 0.39 4.65 65

5 2,71 20.90 67 1.56 5.60 70 1.34 7.50 59

6 0.82 25.00 64 0.53 15.50 66 2.12 31.61 60

7 2.12 25.70 67 1.99 21.50 68 3.19 21.60 57

8 3.16 30.80 75 2,22 22.50 70 1.62 22.00 48

9 0.22 38.30 65 2.45 36.10 70 1.98 41.60 58

10 0.57 39.80 70 0.48 69.80 73 - 68.40 68

11 - 57.50 62 1.02 76.20 71 1.07 74.50 64

12 0.72 69.40 73 2.12 90.50 68 2.32 92.70 66
pregnant
meant 1,45 27.00 69 1.32 29.20 70 1.33 31.00 61

SD 0.99 21.70 4 0.84 31.90 3 1.02 31.61 5
nonpregnant
meant 0.56 2.75 69 0.68 2.34 73 0.60 1.91 72

SD (n=8) 0.27 1.70 4 0.29 1.01 6 0.30 1.29 4
level of ns £0.02 ns ns {0.05 ns ns {0.05 {0.001
significance

a .
mean arterial pressure
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ported increases of urinary PGE, excretion in pregnant rabbits and rats,
respectively. Some investigators have reported circulating levels of
these prostaglandins during pregnancy (7,9,12,25) which perhaps origina-
ted from the fetoplacental unit (7,9). In in vitro studies the kidney
(26) and especially the placental tissue (27) of pregnant rabbits were
found to be rich sources of PGE,. Our present data further substantiate
the elevation of uterine (uteroplacental and fetal) and renal release
of PGE2 during rabbit gestation reported earlier (2,6,8,9,12,14,15),
Despite the dramatic rise in venous influx, the arterial levels of this
primary prostaglandin did not become significantly higher, than in non-
pregnant rabbits. In contrast, the arterial concentration of 13,1l4-di-
hydro—lS—keto—PGE2 (PGEZ—M), a stable metabolite of PGE,, was higher in
pregnant than in nonpregnant rabbits, which'provided the opportunity of
studying the possible relationship between changing PGE, release and
blood pressure in conscious noninstrumented rabbits, during gestation.
In this study, positive correlations were demonstrated between venous
(uterine/renal) PGE, and arterial PGE,-M concentrations. Since we could
also find a significant positive correlation between the uterine venous
and renal venous PGE, concentrations (r=0.92 p{0.001), we speculate that
high/low uteroplacental PGE, excretion may be coupled with proportio-
nately high/low PGE, release at other sites of production like the kid-
neys or the arteriai vasculature, both participating in blood pressure
regulation. If so, based on the arterial PGE,-M concentration one can
evaluate systemic PGE, production in pregnant rabbits repeatedly at any
given time of gestation. If the pregnancy induced elevation of PGE, re-
lease has a role in the development of pregnancy induced hypotension,
highly elevated arterial PGE.-M concentrations should be associated with
lower blood pressure, and no hypotension should develop in the absence
of PGE, overproduction. We could not identify a clear relationship bet-
ween arterial PGE_-M levels and arterial pressure during the 20-~23xd
days of the 30 day gestation of rabbits. On the 20th and 22nd days as
high as 20-30 times of the nonpregnant mean PGE,-M concentrations were
evidenced in several pregnant animals without tﬁe presence of lower
blood pressure. During the same gestational days, other pregnant rabbits
had much lower arterial PGE,-M (and uterine as well as renal venous
PGE,) concentrations, close to or within the nonpregnant range. These
large differences in PGE, release were not reflected in the level of
arterial pressure, "low EGE excretor" pregnant rabbits (#1,2,3,4, see
Table 1) did not have higher arterial pressures than the rest of the
pregnant animals with much higher PGE,-M values. Another finding not
supporting a primary role of PGE2 in pregnancy induced hypotension in
rabbits was that hypotension characterizing the 23rd day of gestation
was equally present in those four pregnant rabbits which had PGEZ—M le-
vels as low as the nonpregnant values.

The large variation of uterine venous PGE., concentration is in good
agreement with data published earlier (8). In the latter study, uterine
venous PGE, concentrations as determined by gas chromatography combined
with mass-spectrometry were found to vary over the range of 0.2-600.0
ng/ml in rabbits on the 19th - 29th days of gestation. Venuto et al (9)
have determined uterine venous FGE, in pregnant rabbits and the pub-
lished values were also high and largely variable (41.1 -~ 500.0 ng/ml)..
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We have no clear explanation for the great scatter of uterine and re-
nal venous PGE, concentrations. All our pregnant rabbits had live feti
as evidenced at ceasarean section. The number and body weight of feti
in "high and low PGE, excretor" rabbits was similar. The site of blood
sampling was identical in each rabbit used in this experiment. Bzsed
on the significant correlations between the uterine ard renal venous
PGE,, as well as between venous PGE, and arterial PGE,-M concentratiomns,
metﬁodological errors in sample processing or radioimmunoassay do not
seem probable.

When the participation of prostaglandins is studied in physiological
phenomena, drugs inhibiting their biosynthesis are frequently used.
Prostaglandin synthesis inhibition is generally not more efficient than
50-807 decrease of blood and urinary levels (28). In addition, indome-
thacin and other non-steroidal antiinflammatory drugs have several ef-
fects besides the prostaglandin synthesis inhibitory one (28,29) making
drug induced pkysiological effects difficult to evaluate. We think our
data are of interest because they describe that particular period of
rabbit gestation, in which endogenous PGE, release is highly variable
and gestational hypotension is just under development. The differences
in PGE, anéd PGE,-M concentrations between individual pregnant rabbits
were larger than that can be induced by prostaglandin synthesis inhibi-
tors. This variability in PGE, release was not at all associated with
a similar variability in bloaa pressure. On the contrary, in each of the
12 pregnant rabbits arterial pressure has been maintained on the normal
nonpregnant level until the 22nd day of gestation. One day later, on the
23rd day of gestation, all pregnant rabbits evidenced a significant fall
of blood pressure. This sudden and uniform change in blood pressure was
not associated with a further elevation of arterial PGE,-M concentration
and was fully manifested in pregnant rabbits with PGEZ-ﬁ levels not dif-
fering from that of nonpregnant rabbits.

Conrad and Colpoys (30) administered cyclooxygenase inhibitors to
conscious pregnant rats. Indomethacin failed to decrease renal hemodyns-
mics. Neither indomethacin, nor meclophenamate affected the blunted vas-
cular pressor response to intravencus administration of norepinephrine
and angiotensin II. In agreement with these, Baylis (3) could neither
demonstrate inhibitory effects of indomethacin on renal blood flow and
glomerular filtration rate in pregnant rats. Using pregnant sheep Naden
et al (31) have found that indomethacin produced uteroplacental vasocons-
triction for about 20 min after administration during which period no
appreciable inhibition of prostaglandin production could be verified.
Prostaglandin synthesis inhibition became apparent only 2-4 hours later
when, however, no vasospasm was present. Lately, we administered two sub-
sequent indomethacin suppositories (15 mg/kg each, 32) to preg-
nant rabbits, one on the 22nd and one on the 23rd day of gestation. Indo-
methacin treatment decreased the 24 hour urinary excretion of PGE, to
30% (p<0.05) of pretreatment value. Mean arterial pressure was measured
before the first (22nd day) and two hours after the second dose (23rd
day). As compared to pretreatment values, arterial pressure was decrea-
sed by day 23 in all pregnant rabbits receiving indomethacin, in average
by 5+7 mmHg (p<0.001, n=10). On this day, arterial pressure of indometha-
cin treated pregnant rabbits (61+9 mmHg) did not differ from that of con-
trol pregnant rabbits (5848 mmHg n=12) receiving the vehicle (butyrum ca-
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cao).

Thus it appears that a key role of the vasorelaxant prostaglandins
played in the mechanism of uteroplacental, renal and systemic arterial
vasodilation in pregnancy is doubtful.
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Abstract. The determination of 11-dehydrothromboxane
B, (11-dehydro-TXB,) from unextracted human urine was
studied by means of a specific radioimmunoassay based
on the use of the '»I-labelled tyrosine methyl ester
derivative of 11-dehydro-TXB; as radioligand. The assay
was evaluated in various incubation media by either
dextran-coated charcoal (DCC) or polyethylene glycol
(PEG) separation. Both the non-specific and the specific
binding showed high variation in different assay media
with DCC separation but with the use of PEG separation,
however, the non-specific binding was constant. The
verification tests carried out in both separation systems
revealed a high variation of equilibrium with the individu-
al samples. The albumin content of urine is proposed to be
one important factor underlying poor reliability of direct
radioimmunoassay. Both the immunoreactivity profiles
observed after HPLC separation and the apparent 11-
dehydro-TXB,-like immunoreactivity values determined
by direct radioimmunoassay demonstrated that the unex-
tracted urine contained a high ratio of interfering mate-
rials. It is concluded that efficient purification of human
urine before determination is essential when this type of
125-]abelled radioligand is employed in radicimmunoas-
say. _

Key words: Radioimmunoassay - 11-dehydrothrombox-
ane B; ~ Urine - Albumin - Immunochromatogram

Thromboxane A,, a potent platelet-aggregating and vaso-
constrictor agent [8] is of functional importance in various
physiological and pathophysiological processes in man.
Measurement of thromboxane B, (TXB,), a stable hy--
dration product of thromboxane A, in plasma as well as in
urine is often used as an indicator of thromboxane
biosynthesis in vivo. However, artefactual formation of
TXB, during sampling [5-7] gives high concentrations in
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plasma, while urinary TXB, derives largely from the
kidneys [15].

Two major pathways of TXB, metabolism have been
described [16]: one involves beta-oxidation which results
in 2,3-dinor-TXB; and the other involves dehydrogena-
tion of the hemiacetal group at C-11 to produce a series of
metabolites (e.g. 11-dehydro-TXB,) with a delta-lactone
ring structure. 11-dehydro-TXB, is now established as an
abundant break-down product in plasma and in urine
which reflects endogenous TXB, production [2, 4, 20].

Analytical procedures based on radioimmunoassay
(RIA) or GC-MS have been reported [1-4, 10-13, 17, 20]
for the measurement of 11-dehydro-TXB, in biological
fluids. Since 11-dehydro-TXB, can occur in an acyclic
(open) and a closed (lactone) form and the equilibrium
between the two forms is pH-dependent [10], it is necess-
ary to ensure complete equilibration in measurement by
RIA. Tritiated 11-dehydro-TXB, has been used as tracer
for RIA in the overwhelming majority of cases [1, 3, 10,
20], but as an alternative, Lecompte et al. [12] reported the
use of a 125]-labelled histamine derivative of 11-dehydro-
TXB, for the measurements in human fluids. Recently
another radioiodinated tracer, 12I-tyrosine methy] ester
(TME) derivative of 11-dehydro-TXB,, has been applied
in commercial assay systems, but no data on its use in
measurements in biological fluid exist.

Since the direct RIA is preferred in clinical studies, the °
aim of the present work was to study the applications of
125..TME tracer for the direct radioimmunological deter-
mination of 11-dehydro-TXB; concentration from unex-
tracted human urine.

Materials and methods
Unlabelled material

Unlabelled 11-dehydro-TXB; used for the coupling procedure was
from Ultrafine Chemicals (Manchester, England). 11-Dehydro-
TXB; used in RIA standard, 2,3-dinor-thromboxane B, and 2,3-
dinor-6-keto-prostagiandin F,, were from the Cayman Chemical
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Co. (Ann Arbor, Michigan USA). Other prostanoids were from
Upjohn Co. (Kalamazoo, Michigan, USA).

Bovine serum albumin (fatty acid free), human serum albumin
and bovine gamma globulin were from the Sigma Chemical Co. (St.
Louis, Missouri, USA). Tyrosine-methyl ester, 1-ethyl-3(3-dime-
thyl-amino)-propylcarbodiimide (EDCI) and Norit-A activated
charcoal were from Serva (Heidelberg, FRG). Dextran T-70 was
from Pharmacia Fine Chemicals (Uppsala, Sweden).

Labelled materials

Carrier-free Na'2%I (74 TBq/mmol) (Institute of Isotopes, Budapest,
Hungary) was used for labelling pocedures. 3H-11-Dehydro-TXB,
(6.47 TBq/mmol) was from Amersham International (Amersham,
Buckingshamshire, England).

Production of specific antiplasma

For the production of immunogenic conjugate, 11-dehydro-TXB,
was coupled to bovine serum albumin according to the method of
Kirton et al. [9], with i-butyl-chloroformate as coupling recagent.
Three male New Zealand rabbits were immunized according to the
method of Vaitukaitis et al. [19]. Two weeks after the administration
of 2,000 1.U. killed Bordetella pertussis (i.m.) the animals were
inoculated with 1 mg immunogen at multiple sites in the interscapu-
lar region. Prior to injection the immunogen (in 0.5 ml saline) was
emulsified with an equal volume of complete Freund’s adjuvant.
Injections were boosted every four weeks thereafter with a half of
this quantity, and incomplete Freund’s adjuvant. Plasma samples
were collected 10 days after booster injections and tested for binding
properties.

Preparation of '¥I.labelled radioligand

11-Dehydro-TXB, was coupled to tyrosine-methyl ester (TME) with
the water-soluble EDCI as coupling reagent and purified by thin-
layer chromatography on silica gel. Pure 11-dehydro-TXB,-TME
was labelled with Na!?5[ by the chloramine-T method, and radio-
iodinated monoiodo-derivative was separated on a Sephadex LH-20
column as described for the labelling and separation of the
analogous derivatives of prostaglandin E, [14, 18]. Labelled material
used as tracer in RIA was stored in 50% ethanol at —20°C,

Radioimmunoassay procedure

Prior to performing the assay, the tracer and 11-dehydro-TXB,
standards (19 - 56 - 167 - 500 - 1,500 pg/ml) were prediluted with
buffer and allowed to incubate overnight at room temperature to
convert 11-dehydro-TXB,; into an open form [10].

RIA was carried out in polystyrene test tubes in 50 mM Tris/HCl
buffer, pH 8.3, containing 0.1% gelatin. The assay mixture con-
tained 0.1 ml antiplasma, 0.1 ml tracer and 0.1 ml of either 11-
dehydro-TXB, standards or the unknown samples. The final assay
volume was adjusted to 0.4 ml by the addition of buffer. This assay
composition is referred to as the “buffer-only” throughout the text.
Determinations were performed in triplicate. The mixture was
allowed to incubate overnight at 4°C, then 0.5 ml of dextran-coated
charcoal (DCC) suspension (1% Norit-A and 0.5% Dextran T-70 in
10 mM phosphate buffer, pH 7.4) under continuous stirring was
added to each assay tube except for the total count tubes. The tubes
were vortexed and incubated (10 min, 4°C), then centrifuged
(2,000 X g, 10 min, 4°C). Radioactivity was measured from super-
natant aliquots of 0.6 ml in a Clinigamma counter (LKB/Wallac,
Turku, Finland).

For RIA by polyethylene glycol (PEG) separation the assay
buffer consisted of 50 mM Tris/HCl, pH 8.3, 0.3% bovine gamma-
globulin and 0.005% Triton X-100. To separate bound from free
fraction, 1 ml PEG solution (16% w/v PEG in 50 mM phosphate
buffer, pH 6.8) was added to each tube (except for the total count
tubes), the mixture incubated (20-min, 4°C) and centrifuged
(3,000 X g, 20 min, 4°C). The supernatants were removed by suction
and the precipitates measured as in the DCC assay.

Characteristics of radioimmunoassay

An antiplasma at a final dilution of 1/8,000 which bound about 30%
of the tracer was used in both separation systems. The cross-
reactivity values at both 50% and 80% binding of tracer were: PGD,
0.5%, 2,3-dinor-TXB, 0.04%, other prostanoids and o-hydroxy-
hippuric acid (salicyluric acid; the main urinary metabolite of ASA)
all less than 0.01 %. Doses of unlabelled 11-dehydro-TXB; necessary
to displace 50% of bound tracer (IDsy value) were 20 pg/tube and
15 pg/tube in DCC and in the PEG separation system, respectively.

Direct radioimmunoassay of urine samples

Twentyfour-hour urine samples were collected, before and after
three days of acetylsalicylic acid (ASA) treatment (0.5 g/day), from
healthy volunteers. After measurement of urine volumes, the pH of a
20 ml aliquot was adjusted to 8.3 by SM sodium hydroxide, then
incubated at room temperature for 24 h. Samples were distributed
and single-use aliquots stored at —20°C until RIA measurements.
Prostaglandin-free (PG-free) urine was prepared by the addition of
5% (w/v) Norit-A to normal pooled urine, the suspension shaken
{60 min) and centrifuged (5,000 X g, 15 min). The supernatant was
filtered and the pH adjusted to 8.3 as above.

In the direct assay of urine samples, PG-free urine in the same
dilution as that used for unknown samples was added to each tube of
the standard curve, while in the PEG separation system the total
count tubes contained 0.1 ml tracer solution only.

Immunochromatography and high-performance
liguid chromatography

Urine samples (0.15-0.20 ml) acidified to pH 3.0 by 50% trifluoroa-
cetic acid were injected through a Rheodyne sample injector
equipped with a 200 ul loop into a Hamilton PRP-1 (4.1 X 150 mm,
particle size 5 um) column. Isocratic separation was achieved in a
water/acetonitrile (75:25, v/v) mixture with an LKB 2150 solvent
delivery system at a flow rate of 0.7 ml/min. One-minute fractions
were collected, the solvent evaporated under nitrogen and lyophil-
ized. Dry residues were redissolved in assay buffer and incubated at
room temperature for 24 h before RIA determinations performed in
the buffer-only system.

Retention volumes of the two chemical forms of 11-dehydro-
TXB; were determined by running 1,000-ng of reference materials
monitored by their UV absorbance at 196 nm in the same HPLC
system. For the preparation of open form, 11-dehydro-TXB, was
treated with 0.063 M ammonium bicarbonate overnight [10].

Results
Influence of PG-free urine on the standard curve
In the presence of PG-free urine the shape of the dose-

response curve remained unchanged as compared to the
buffer-only in both separations (Fig. 1). In spite of the
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Fig.1. Influence of PG-free urine on the standard curve. Standard
curve set-ups containing buffer only or PG-free urine of 2-fold
dilution were compared in a dextran-coated charcoal separation
system. Non-specific (N) and specific (By) binding are expressed as
per cent of total count. B/By is per cent of specific reference binding

Table 1. Effect of the variation of non-specific binding (NSB) on the
calculated concentrations of 11-dehydrothromboxane B, in direct
assay with dextran-coated charcoal separation

Samples NSB Calculated amount pg/tube
cpm
A B C

PG free 320

ASA 852 217 13.5 0
Normal (1) 1,369 38.2 15.3 12.8
Normal (2) 2,015 51.5 16.5 20.5
Normal (3) 1,560 65.0 19.5 30.5

For the calculations, different standard curves were prepared in the
presence of either PG-free or ASA urine. The amounts of 11-
dehydro-TXB, were calculated from PG-free standard curve with
individual NSBs (A), from PG-free standard curve with PG-free
NSB (B) and from ASA urine standard curve with individual NSBs
(C). Normal (3) is normal pooled urine, Normal (2) and Normal (3)
are urine samples collected from the healthy volunteers

Table 2. Parallelism upon dilution and the recovery of authentic 11-
dehydrothromboxane B, in normal pooled urine as measured by
direct assay with dextran-coated charcoal separation

added (pg) Reciprocal dilution
2 5 10
Measured (pg)
0 92.5 66.0 42.5
5 82.5 73.0 50.0
20 90.5 93.0 67.0
50 75.0 114.0 97.0

3

apparent identity of standard curve parameters, the
specific reference binding was considerably increased in
the presence of the PG-free urine, indicating that the
omission of this matrix would result in a considerable
underestimation of the real concentration.

The influence of non-specific binding (NSB)
in direct radioimmunoassay

NSB values were determined for several samples of
identical dilutions. The influence of individual variation
of NSB values on-the calculated apparent 11-dehydro-
TXB; concentrations is illustrated in Table 1. Two types of
standard curves were prepared for the calculation of
unknown concentrations, one containing PG-free and
another ASA urine. The calculated apparent concentra-
tions were much lower when the NSB of PG-free urine was
taken as valid for unknown concentrations (Table 1). The
NSB showed a high variation not only between different
samples, but also for the same sample tested in various
dilutions. When a single urine sample was assayed in a
dilution range from 2- up to 50-fold, the NSB (per cent of
total count) varied from 10.6 to 2.0.

When DCC separation was substituted for PEG
separation, a low and constant NSB was found in each
type of incubation medium tested and no variation of
individual NSBs was observed. These data were in accord-
ance with the assumption that the tracer was bound to
certain urinary components of non-globulin nature that
would not co-precipitate with the tracer bound to anti-
body.

Parallelism tests

Parallelism was checked by a combination of dilution with
the recovery for known amounts of 11-dehydro-TXB,.
Three different dilutions of a normal urine sample were
spiked with three different amounts of 11-dehydro-TXB,.
The binding value of each unknown was corrected for
individual NSB, each determined at the appropriate
dilution (DCC separation). No parallelism was found for
unspiked samples (Table 2), therefore the apparent initial
concentration of 11-dehydro-TXB, was 1.95 ng/ml from
2-fold and 4.25 ng/ml from 10-fold dilution. Recovery was
improved by dilution of the sample. 4

To study parallelism in the PEG separation system,
two dilutions of a normal urine sample were spiked with
five different amounts of 11-dehydro-TXB,. Measured
values were evaluated by fitting regression lines for
measured (y) versus added (x) amounts (pg/tube). The
equations were y=0.952x £80.3 and y=0.949x £ 3.62
for 5-and 20-fold dilutions, respectively. The respective
values of the correlation coefficients were 0.9106 and
0.9931, and the measured amounts from unspiked sam-
ples 72.5 and 32.7. These data reflect the same trend as
that observed with DCC separation. However, the paral-
lelism upon dilution of unspiked samples does not meet
the criteria. Accordingly, when samples were assayed
directly from a 10-fold dilution with PEG separation, the
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Fig. 2. Change in RIA equilibrium with the dilutions of urine using
dextran-coated charcoal separation. The non-specific and specific
binding values, expressed as per cent of total count, were 1.0-29.4,
10.6-13.2 and 5.8-13.4 for curve-/, curve-2 and curve-3, respectively

Table 3. Effects of human serum albumin (HSA) on the specific (B)
and non-specific (NSB) binding in normal urine with dextran-coated
charcoal separation

Medium HA B NSB
mg/ml % %
buffer 0 28.2 1.5
normal urine 0 8.7 6.8
(4-fold dilution) 0.1 2.8 144
1 0 38.9
5 0 58.2

Binding values are expressed as per cent of total count

11-dehydro-TXB, excretion rate (ng/24h, mean £S.D.)
was 5,410%+1,371 (n=7) for normal and 4,671 =845
(n=135) for ASA urine. These values far exceeded those
obtained with DCC separation from 2-fold dilutions
(3.17 £ 184 for normal and 190 =87 for ASA urine).

The lack of parallelism observed in both separations
can be explained by the sample-to-sample variation of
equilibrium constants. In Fig.2 the standard curves for
PG-free and a single normal urine sample of different
dilutions, are compared in the DCC separation system. As
reflected by the slope of the standard curves, the equilib-
rium constants were different for PG-free and normal
urine, and for the same normal urine of different dilutions.
Since B/B, values (about 45%) of both normal urine
samples were within the most sensitive range of PG-free
standard curve, the failure of either superimposability or
parallelism of dose - response curves could not be
attributed to the high difference between endogenous 11-
dehydrothromboxane B, content of normal urine samples
and the amount of 11-dehydrothromboxane B, added.

Table 4. Effect of human serum albumin (HSA4) on the specific (B)
and non-specific (VSB) binding in different incubation media with
polyethylene glycol separation

HSA buffer PG-free urine
mg/ml
B NSB B NSB

0 28.4 3.3 29.5 3.0
0.1 16.5 3.0 16.8 2.4
0.5 6.4 3.1 7.9 2.4
1.0 4.4 32 45 25
2.0 2.0 3.2 1.4 29

Binding values are expressed as per cent of total count

The discrepancy for 11-dehydro-TXB, concentrations
measured by direct RIA was due to different reasons,
including the variation of both NSB values and binding
equilibrium and the particular dilution employed. All
these factors were assumed to originate from the presence
of urinary components which counteracted the specific
binding of tracer to antibody.

Effect of albumin on direct radioimmunoassay

The effects of albumin on the main parameters of direct
RIA were studied in different incubation media which
contained buffer only, PG-free or normal urine. Table 3
shows the data (DCC separation) in urine which con-
tained various amounts of human serum albumin (HSA).
With the effect of a moderately high (0.1 mg/ml) concen-
tration of HSA a dramatic decrease in specific binding
with a simultaneous increase in NSB was observed, and no
specific binding could be achieved at a highly elevated
(1 mg/ml) concentration.

When the urine sample of a patient with renal insuf-
ficiency, containing 2 mg/ml albumin, was ultrafiltrated,
the NSB values in 5-fold dilutions were 18% before and
7% after ultrafiltration. In spite of the removal of 80 % of
urinary albumin the NSB remained higher than the value
for either buffer-only or for PG-free urine.

Decreased absorption efficacy of charcoal because of
albumin might account for both the decrease in specific
binding and the increase in NSB. Therefore the effect of
albumin was also studied in the PEG separation (Table 4).
The specific binding changed, dose-dependently, with the
albumin concentration, indicating that albumin did
counteract the specific binding to the antibody.

Immuno-HPLC validation of direct radioimmunoassay

Pooled normal untreated urine was separated by reversed-
phase HPLC, and the 11l-dehydro-TXB,-like immuno-
reactivity of the fractions measured. Two immunoreactive
peaks were detected (Fig. 3), one co-migrating with the
lactone and the other with the open form of 11-dehydro-
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Fig. 3. Immunochromatography of untreated urine. Pooled normal
urine was separated by reversed-phase HPLC and the 11-dehydro-
thromboxane B,-like immunoreactivity of each fraction determined
by RIA. Arrows indicate the retention times of open and lactone
form of authentic 11-dehydrothromboxane B, and the horizontal
lines represent the respective volumes of fractions containing
reference material. Ratios of immunoreactivity for the fractions co-
migrating with standard material were calculated as per cent of the
total 11-dehydrothromboxane B,-like immunoreactivity
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Fig.4. Immunochromatography of urine after acidic treatment.
Pooled normal urine had been incubated at pH 3.0 for 48 h before
separation by reversed-phase HPLC. Arrows indicate the retention
times of open and lactone form of authentic 11-dehydrothrombox-
ane B; and the horizontal lines represent the respective volumes of
fractions containing reference material. Ratios of immunoreactivity
for the fractions co-migrating with standard material were calculat-
ed as per cent of the total 11-dehydrothromboxane B,-like immuno-
reactivity
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Fig. 5. Immunochromatograms obtained by two-step HPLC separ-
ation of normal urine. Pooled normal urine containing tritiated 11-
dehydrothromboxane B, was preincubated for 24h at pH 8.3 and
separated by reversed-phase HPLC. The fractions containing tritia-
tated material were combined, then incubated for 48 h at pH 3.0 and
subjected to a second HPLC separation. Arrows indicate the
retention times of open and lactone form of authentic 11-dehydro-
thromboxane B, and the horizontal lines represent the respective
volumes of fractions containing tritiated marker. Ratios of immuno-
reactivity obtained after the first (upper panel) and the second (lower
panel) separation were calculated as per cent of the total 11-
dehydrothromboxane B,-like immunoreactivity

TXB,. These two peaks contained about 70% of the total
11-dehydro-TXB,-like immunoreactivity recovered.

Immunochromatographic analysis was also carried
out with the same pooled normal urine preincubated at
pH 3.0 for 48 h to convert the open 11-dehydro-TXB, into
the lactone form [10]. There was about a 10% increase in
the ratio of immunoreactivity co-migrating with the
lactone form, with a concomitant decrease in immuno-
reactivity measured in open form fractions (Fig. 4).

A two-step reversed-phase HPLC separation of nor-
mal urine containing 10 nCi of tritiated 11-dehydro-TXB,
after incubation (pH 8.3, room temperature, 24 h) was
performed to find out the contribution of interfering
substances co-migrating with the open form of 11-
dehydro-TXB,. The immunoreactivity profiles from the
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aliquots of HPLC fractions (Fig. 5, upper panel) showed
29% of total 11-dehydro-TXB,-like immunoreactivity in
the fractions containing 95% of tritiated marker. In
contrast to the profile for untreated urine (Fig.3), no
immunoreactivity co-migrating with the lactone form was
detected. Fractions of open form from the first separation
were combined, allowed to incubate (pH 3.0, room tem-
perature, 48 h), and separated by HPLC for a second time.
Ninety per cent of *H-radioactivity was detected in the
fractions corresponding to the lactone form, but they
contained only 37% of total immunoreactivity (Fig. S,
lower panel).

Discussion

Urinary 11-dehydro-TXB; is the metabolite which most
closely reflects the systemic production of thromboxane in
man [2, 4, 20]; therefore a reliable assay is important in the
study of changes in thromboxane synthesis. In addition to
mass-spectrometric determination, the specific RIA with
tritiated 11-dehydro-TXB, as tracer has been developed
and applied to the measurement of 11-dehydro-TXB, in
human urine with (1, 3] or without [20] the extraction of
urine. As an alternative to tritiated tracer, Lecompte et al.
[12] reported on preliminary applications to direct RIA
from human fluids including urine, the '?I-labelled
histamine derivative 11-dehydro-TXB,. To date, no data
on applications of another type of specific RIA tracer, the
1251_tyrosine methyl ester derivative of 11-dehydro-TXB,,
have been reported.

We developed a specific RIA of this type and studied its
application to direct assay on unextracted human urine. A
standard curve set-up in the presence of PG-free urine as
matrix gave. positive results. The direct assay, however,
was found unreliable when PG-free urine was substituted
for normal urine as matrix. The non-specific binding
values showed individual variation in DCC separation
system, but were constant in PEG separation system.
Furthermore, the correction of binding values with indi-
vidual nonspecific binding was without benefit, since the
different samples had individual binding equilibria result-
ing in the lack of fundamental RIA criteria. The parallel-
ism tests carried out in the both separation systems
revealed that the apparent 11-dehydro-TXB,-like immu-
noreactive concentration was either underestimated or
overestimated, depending on the given dilution of sam-
ples. .
Inanattempt to identify the urinary factors underlying
the poor reliability of direct RIA we found that urinary
albumin may have a basic role in the unreliability of direct
assay. Considering the high variation of its concentration
in urine especially in pathological conditions, the albumin
content may lead to various degrees of error in direct
assay. It should be stressed, however, that albumin seems
to be only one of the urinary factors accounting for the
discrepancy observed. Another important factor respons-
ible for the unreliability of direct assay is the heterogeneity
of 11-dehydro-TXB,-like immunoreactivity, as proved by
immunochromatograms after separation by HPLC. The
immunoreactivity profile of untreated normal urine after

one-step HPLC-separation showed 70% of total immuno-
reactivity co-migrating with the two chemical forms of 11-
dehydro-TXB,. With further analysis, however, the open
form fraction turned out to contain a high ratio of
interfering substance(s), as demonstrated by immuno-
chromatograms obtained for samples after acidic treat-
ment or two-step HPLC separation. The heterogeneity of
11-dehydro-TXB, immunoreactivity was also supported
by the apparent lack of inhibitory effect of ASA treatment
on the measured 11-dehydro-TXB; concentration, a trend
that was unchanged with either low or high apparent 11-
dehydro-TXB,-like concentration. Lecompte et al. [12]
reported the same observation with urine samples assayed
directly or after extraction.

In summary, direct radioimmunoassay proved an
unsuitable method for the determination of urinary 11-
dehydro-TXB, concentration in unextracted human
urine, when a !2I-labelled tyrosine-methyl ester derivative
of 11-dehydro-TXB, was used as tracer in two different
separation systems. An efficient purification step prior to
radioimmunoassay is essential for the reliable quantifi-
cation of urinary 11-dehydro-TXB, concentration.
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ABSTRACT

Monoiodinated tyrosine methyl ester, a derivative of 5-hydroxy-6,8,11,14-eicosatetraenoic acid con-
taining 1251 in the phenolic ortho position was prepared with high specific radioactivity and separated by
column chromatography on a Sephadex LH-20 gel. The adsorption behaviour of the labelled product was
studied both by adsorption chromatography using a Sephadex LH-20 adsorbent with ethanol-water as a
binary eluent and by reversed-phase high-performance liquid chromatography using C, ¢-silica as a sta-
tionary phase with aqueous binary eluents containing ethanol, methanol or acetonitrile. In both separation
systems, a linear relationship was found between the logarithmic capacity factor or distribution coefficient
and the logarithmic concentration of the organic solvent.

INTRODUCTION

Various prostanoids can be labelled with 251 through their histamine and
tyramine [1] or tyrosine methyl ester (TME) [1,2] and these derivatives have
widespread use in radioimmunoassay (RIA). 5-Hydroxy-6,8,11,14-eicosatetraenoic
acid [S-HETE] is a key intermediate produced in the lipoxygenase pathway of
arachidonic acid, and therefore the !2°I-labelled derivative of this compound may be
useful in specific RIA, although no such RIA has previously been reported.

In the course of labelling through TME derivatives radioiodine may be
incorporated via electrophilic substitution into the aromatic ring in the 3'- and/or
5'-positions, but only the monosubstituted derivatives are suitable as tracers for RIA.
As we have shown previously, adsorption chromatography on Sephadex LH-20 is an

efficient method for the isolation, with high specific activity, of the monoiodinated

derivatives of prostanoids [3], steroids [4-8] and other bioactive compounds [9-11].

In this paper we report on the adsorption chromatographic separation: of
1251.labelled 5-HETE-TME from the inactive parent compound using Sephadex LH-
20 as adsorbent, a method that permits a high specific activity suitable for RIA to be
achieved. '

According to a widely accepted model of adsorption, the displacement of solute
molecules from a sorbent involves the participation of a stoichiometric number of
solvent molecules used as organic modifier. Solutes that behave according to this
stoichiometric displacement model are expected to give linear plots of log (distribution

0021-9673/91/$03.50 © 1991 Elsevier Science Publishers B.V.
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coefficient) or log (capacity factor) vs. log (concentration of organic solvent), with
a slope that reflects the stoichiometric number of solvent molecules participating in
displacement. '

The adsorption behaviour of various iodinated compounds has been studied
previously on Sephadex LH-20 adsorbent and a linear log k vs. log X relationship was
found with an ethanol-water binary eluent [3-11], where k and X are the distribution
coefficient and the molar fraction of ethanol, respectively. On the other hand,
numerous investigations related to the mechanism of adsorption in high-performance
liquid chromatography have also demonstrated a linear relationship between log &’
and log X, where k' is the capacity factor. This relationship, originally verified for
normal-phase high-performance liquid chromatography (HPLC) using silica as
stationary phase, was extended also to reversed-phase (RP) systems using binary
mobile phases consisting of water and an organic solvent modifier [12-16].

In previous work, RP-HPLC was found to be an efficient alternative to
Sephadex LH-20 adsorption chromatography for the separation of various !25I-
labelled prostanoid derivatives and a similar chromatographic behaviour of these
derivatives was observed in RP-HPLC and in Sephadex LH-20 chromatography
(17,18].

In this work, the chromatographic behaviour of '2°I-labelled 5-HETE-TME
was studied using both adsorption chromatography with Sephadex LH-20 as
adsorbent and ethanol-water as eluent and RP-HPLC using C,g-bonded silica as
stationary phase with aqueous binary eluents containing ethanol, methanol or
acetonitrile as organic modifier. Highly significant linear relationships for log & vs.
log X (Sephadex LH-20) and log k' vs. log X (RP-HPLC) were obtained. To our
knowledge, this paper is the first to report on the linearity of log k' vs. log (molar
fraction of organic modifier) in RP-HPLC for a representative of an important family
of small molecules containing the monoiodo-TME functional group.

EXPERIMENTAL

5-(+)-HETE was synthesized from arachidonic acid according to the method of
Corey et al. [19] (since the racemic form was used throughout this study, the chirality
will not be indicated any further). In order to study the chromatographic behaviour of
S-HETE-TME used for the radioiodination, this compound was synthesized using
tritium-labelled TME. [H]JTME prepared as described [20] was diluted with
non-radioactive TME to a specific activity of about 100 uCi/mg and coupled to
5-HETE using the carbodiimide method.

S-HETE-TME was labelled with 1231 by the use of the chloramine-T method. To
2-3 ug (3—4.5 nmol) of S-HETE-TME in 50 ul of buffer, 1-2 mCi (0.5-1 nmol) of
carrier-free Na'23I (Institute of Isotopes, Budapest, Hungary) was added, followed by
the addition of 50 ul of 0.5% chloramine-T solution. After 60 s, the reaction was
quenched with 100 ul of 0.7% sodium metabisulphite solution. All reagents were
dissolved in 50 mAM phosphate buffer (pH 7.4).

Monoiodinated ['251]5S-HETE-TME was isolated from the labelling reaction
mixture by column chromatography on a preparative scale. Sephadex LH-20 dextran
gel (Pharmacia, Uppsala, Sweden) swollen in distilled water was packed in a column
(130 x 10 mm I.D.) to a height of 100 mm. The reaction mixture was administered on

—



SEPARATION OF '25I-.LABELLED DERIVATIVES OF 5-HETE 309

the top of gel and allowed to soak in. After equilibration for 10 min, the elution was
started with 150 ml of water, followed by 80-100 ml of 20% ethanol, and the
monoiodinated product eluted with 30-35 ml of 30% ethanol. The flow-rate was 45—
50 ml/h. In order to suppress the dissociation of the phenolic OH group, which would
lead to a decrease in adsorption on dextran gel, the pH was adjusted to 4.0 with 0.1 M
citrate buffer.

The effluent was passed over an Nal(T]) scintillation crystal and its radioactivity
was counted by a ratemeter and recorded by an X-Y plotter.

In order to measure the elution volume of [*H]5-HETE-TME, the effluent was
collected with a fraction collector and the *H radioactivity determined by liquid
scintillation counting.

For RP-HPLC separation, a two-pump (LKB, Type 2150) gradient system
controlled by an HPLC controller (LKB, Type 2152) was used. An RP-18 (Spheri-5)
Aquapore Cartridge column (100 x 4.6 mm L.D.) (Pierce) equipped with a guard
cartridge was attached to an Nal(T1) scintillation crystal. Radioactive samples (0.5-
1.0 uCi) dissolved in 5-10 ul of mobile phase were injected through a Rheodyne sample
injector equipped with a 200-ul sample loop. The 12°1 radioactivity of the effluent was
counted by a ratemeter attached to the scintillation crystal and registered with
a potentiometric recorder (LKB, Type 2210).

The elution volumes in various binary eluents were determined in duplicate. The
dead volume (1 ml) was determined using Na'2°I as the non-retained compound. In
preliminary experiments the effect of pH on the retention time was studied in
acetonitrile—10 mM citrate buffer (60:40, v/v) mobile phase in the pH range 4.0-9.0. As
the retention volume remained unchanged throughout this range, the pH was
unadjusted for the experiments with different binary eluents of various composition.

RESULTS AND DISCUSSION

Isolation of radioiodinated [*?°1]5-HETE-TME by Sephadex LH-20 column chroma-
tography

Labelling of S-HETE-TME with 125 led to the production of a complex
reaction mixture. As illustrated in Fig. 1, several labelled products could be detected in
the effluent collected from the Sephadex LH-20 column. Omitting the free 1251~
eluting at the dead volume, of the three elution peaks peak 2 was assigned to an
unidentified labelled by-product. Peak 3 was attributed on the basis of the immuno-
reactivity to the monoiodinated [*23I]5-HETE-TME. On the basis of the decrease or
lack of peak 4, when a large molar excess of target material was employed (i.e., 40—
100 nmol of S-HETE-TME to 1 nmol of Na!25]), this peak can be attributed to the
disubstituted derivative, [2°1]5-HETE-TME.

In order to achieve high specific activity, when a '2°I-labelled derivative is
intended for use as a tracer in radioimmunoassay, perfect separations from the parent
compound is of the utmost importance. When run in the same separation system as
that used for the isolation of the labelled compound, tritiated S-HETE-TME, the
parent compound of monoiodinated [!251]5S-HETE-TME was found to elute with
water near the dead volume. This experiment demonstrated that the monoiodinated
product eluted with ethanol would not contain any of the unreacted parent compound.
At the same time, however, when water was replaced immediately for the final eluent of
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Fig. 1. Separation of '*I-labelled 5S-HETE-TME by column chromatography. Sorbent: Sephadex LH-20.
Eluent: (A) water; (B) ethanol-water (20:80); (C) ethanol-water (30:70). Peaks: 1 = free 251"
2 = unidentified labelled product; 3 = [*?°I]5S-HETE-TME; 4 = ['25],]-5-HETE-TME.

30% ethanol, the monoiodinated product to be isolated was usually contaminated
with labelled by-products. So as to ensure the removal of these radioactive impurities,
the final elution with 30% ethanol was preceded with an intermediate elution using
a lower concentration of ethanol. This elution pattern, illustrated in Fig. 1, led to the
isolation of monoiodinated [*?°1]5-HETE-TME free from both the unreacted parent
compound and labelled by-products. The efficacy of this separation procedure and the
structure of the labelled product were further supported by the specific binding of the
separated material to an antibody raised against S-HETE-bovine serum albumin
conjugate.

The monoiodinated ['?°1]5-HETE-TME thus purified was used for studying its -
chromatographic properties in both column chromatography on Sephadex LH-20 and
RP-HPLC on alkylated silica as the stationary phase.

Chromatographic behaviour on Sephadex LH-20
The chromatographic behaviour of monoiodinated [*?°1]5-HETE-TME on
Sephadex LH-20 was studied using aqueous ethanol eluents. As can be seen from

TABLE 1

DEPENDENCE OF ELUTION VOLUME OF !?*I-LABELLED 5-HETE-TME ON THE COMPOSI-
TION OF ELUENT

Sorbent: Sephadex LH-20. Eluent: aqueous ethanol-water.

Ethanol concentration  Elution Distribution
volume, ml  coefficient

% (v/v) Molar

fraction, X
35 0.144 126.7 83.05
40 0.172 60.2 37.51
45 0.203 358 20.79
50 0.238 21.8 11.20

55 0.276 17.3 8.12




SEPARATION OF !?I-LABELLED DERIVATIVES OF 5-HETE 311

Table I, the elution volume decreased with increasing ethanol concentration. The
distribution coefficient (k) was calculated according to the equation

Ve— Vo  Ve— 344

T Ay DG 0

where v., vo and w are the elution volume, the dead volume and the weight of the
adsorbent, respectively.

In the range 30-55% (v/v) ethanol, the distribution coefficient as a function of
ethanol concentration was calculated according to the equation

log k = log kg — nlog X 2)

where X is the molar fraction of ethanol, k, is the distribution coefficient extrapolated
to 100% ethanol and » is a constant.

Asillustrated in Fig. 2, a highly significant (correlation coefficient 0.9945) linear
relationship was found, with the regression line

logk = —1.167 — 3.610 log X (3)

Chromatographic behaviour in RP-HPLC

In RP-HPLC using C,g-bonded silica as the stationary phase, the chromato-
graphic behaviour of the pure monoiodinated [*?°1]5-HETE-TME was identical with
that observed with Sephadex LH-20 separation, i.e., the retention time decreased with
increasing proportion of organic solvent (ethanol, methanol or acetonitrile) in the
aqueous binary eluent (Table II). In order to obtain a parameter suitable for direct
comparison of RP-HPLC data with those determined for Sephadex LH-20, the

60~

40
30

20

10+ &

1 1 =
02 03 04 X

Fig. 2. Distribution coefficient of [*2°I]5-HETE-TME as a function of ethanol concentration (x) in
adsorption column chromatography. Sorbent: Sephadex LH-20. Eluent: ethanol-water. Scale: log-log.
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TABLE 1I
CAPACITY FACTOR OF '**I-LABELLED S5-HETE-TME IN RP-HPLC WITH BINARY ELUENTS

Stationary phase: C,g-bonded silica. Mobile phase: aqueous mixtures of organic modifiers.

Concentration Capacity factor, k'

% (v/v) Molar fraction, X Methanol Ethanol Acetonitrile

Methanol Ethanol Acetonitrile

50 0.238 325

55 0.276 0.296 8.2 17.7
58 0.322 12.7
60 0.319 0.340 5.5 9.7
63 0.369 7.4
65 0.367 0.390 3.0 5.8
68 0.422 4.8
70 0.421 0.445 1.9 3.7
75 0.546 0.508 16.2 2.4
78 0.587 9.4

80 0.615 0.579 6.7 17,
82 0.646 4.8

84 0.677 3.4

85 0.694 0.661 2.9 1.2

capacity factor, which is directly proportional to the distribution coefficient, was
calculated according to the equation

Ve — Vo ve — 1.0
k' = — 4
Vo 1.0 ( )

where k', v, and v, are the capacity factor, the elution volume and the dead volume,
respectively.

k

k

20

1 1 1

03 04 05 06 07 X

Fig. 3. Capacity factor of ['2*1)5-HETE-TME as a function of the concentration of organic modifiers (x) in
RP-HPLC. Sorbent: C, g-bonded silica. Mobile phase: binary mixtures of water and organic solvents (A =
methanol; [] = ethanol; O = acetonitrile). Scale: log-log.
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Within the approximate capacity factor range 2-10, a linear relationship was
found according to the equation

logk' =logky — mlog X &)
where X is the molar fraction of organic solvent, kg is the capacity factor extrapolated

to 100% organic solvent and m is constant. The regression lines fitted for different
binary eluents (Fig. 3) gave the following equations:

log ¥ = —1.052 — 3.55 log X (ethanol) 6)
log k' = —0.715 — 3.68 log X (acetonitrile) @)
log K = —0.674 — 7.13 log X (methanol) ®)

The linearity was highly significant, with correlation coefficients of 0.9966,
0.9980 and 0.9999, respectively.

The widely accepted displacement model of adsorption predicts that solute
molecules that behave according to this model will give linear plots of log
(concentration) vs. log (distribution coefficient) and log (capacity factor). Although it
cannot be regarded as direct evidence of a displacement mechanism of solute retention,
the linear relationship between the concentration of organic solvents and the capacity
factor (eqns. 6-8) observed in our experiments is not inconsistent with this model.

The slope of log &k’ vs. log X curve is said to be an indicator of the strength of
a pure solvent used as the mobile phase. The larger slope found with methanol, which
leads to a faster decrease in k’ with increase in methanol concentration, may underly
the good resolution obtained in RP-HPLC of the analogous monoiodo-TME
derivatives of various prostanoids using a ternary eluent containing water, acetonitrile
and methanol [18]. Further studies could be useful to check how the differences in
elution strength could be utilized to optimize the selectivity of the separation of this
family of compounds.

Comparing the slopes of fitted lines obtained from the elution on Sephadex LH-
20 and RP-HPLC, the ratio was 3.61 (eqn. 3):3.55 (eqn. 6):3.68 (eqn. 7):7.13 (eqn. 8) =
1:1:1:2. The solute showed similar behaviour in terms of the retention dependence on
the concentration of ethanol, as indicated by the identical slope of the plots obtained
on Sephadex LH-20 (eqn. 3) and C,s-bonded silica (eqn. 6). Although the agreement
occurred in a different range of composition for the two systems, the results are not
inconsistent with the displacement model.

Linearity is normally obtained with capacity factors in the range 0.5-10. Outside
this range, at extremes of k', non-linearity is frequently observed and different
theoretical approaches were considered to account for this phenomenon [15,16], but
none of these interpretations affected the validity of displacement mechanism. The
non-linearity was observed in our experiments also in ethanol and acetonitrile below
55 and 60%, respectively, but this phenomenon was not studied in more detail.
However, the divergence from linearity observed at extremes of capacity factor is not
expected to affect the predictive value of solute retention based on the equations
presented, as the linearity was found to be valid in the capacity factor range 2-10,
a range that meets the practical requirements for applications of RP-HPLC.
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A taldlmdny tdrgya eljdrds biolGgiai mintdk 5-(S)-hid-
roxi-6(transz),8(cisz),11(cisz),14(cisz)-ejkozatetraéns
av [tovdbbiakban 5-(S)-HETE] tartalmanak radioim-
munolégiai meghatdrozasara, melynek sordn megmér-
jiik 'BI-izotéppal jelzett nagy fajlagos aktivitasi S-HE-
TE szdrmazék mint nyomjelzG anyag (tovdbbiakban
radioligandum vagy tracer) specifikus antitesthez valé
kotGdést ismert mennyiségd, kiilsnbbz6 koncentracidji
standard oldatok €s a meghatdrozandé mintdk jelenlé-
tében, majd a standardokhoz tartozé két6désvéltozdsok
ismeretében a mintdkhoz tartozé kot6désvaltozdsokbol
kiszdmitjuk azok hat6anyagtartalmat.

A taldlmany szerint ebben az immunokémiai reak-
ciéban tracerként 4j tipusi, (I) képletd, 'ZI-izotéppal
jelzett, nagy fajlagos aktivitdsi 5-(+)-HETE-monojéd-
tirozin-metilészter szdrmazékot (tovabbiakban 'ZI-5-
HETE-TME) alkalmazunk.

Ismert, hogy az arachidonsavbél az tin. 5-lipoxige-
ndz kaszkadban kiilonbozG szerkezetd, nagyhatdsi bio-
aktiv anyagok keletkeznek. Ezek kozos intermedierje
az 5-hidroperoxi-6,8,11,14-ejkozatetraénsav, melynek
egyik stabilis szdrmazéka az 5-(S)-HETE. Mennyisé-
gének ismerete a kiilonboz6 szervek, szévetek 5-lipo-
xiger4z aktivitdsdnak meghatdrozdsdban fontos. Az 5-
(S)-HETE a biolégiai rendszerekben — m4s arachidon-
sav-metabolitokhoz hasonléan — igen kis koncentricié-
ban (kisebb mint 102 mol/1) fordul el6, {gy mérésére
csak a legérzékenyebb eljdrasok alkalmasak.

Kis koncentriciéji bioaktiv anyagok gyors, olcsd,
kell§ érzékenységi és megfelelS pontoss4gi meghatd-
rozésira legalkalmasabb az antigén—antitest kotédésen
alapulé radioimmunoassay (RIA) eljards. A médszer-
hez a mérendé molekula kellGen magas fajlagos aktivi-
tasd, radioizotéppal jelzett formdja sziikséges. Ilyen
célra a kiilénboz6 szakirodalmi forrdsokban (pl.: Pros-
taglandins 29: 481, 1985; Prostaglandins, Leukotrienes
and Medicine /8: 272, 1985; J. Immunology /36:
3455, 1986; Prostaglandins 32: 857, 1986; J. Inmuno-
logy 144: 2696, 1990) eddig kizdrélag olyan kereske-
delmi RIA készletet alkalmaztak (Advanced Magne-
tics, Inc., USA), amely triciummal jelzett 5-(S)-HETE-t
alkalmaz tracerként. A triciummal jelzett tracer alapve-
tGen megfelel a meghatdrozds fenti kovetelményeinek,
alkalmazisénél elGnyt jelent, hogy az izotép viszony-
lag hosszii (mintegy 12 év) felezési ideje miatt a tracer
stabilnak tekinthets, és az ilyen traceren alapulS RIA-k
pontossdga, reprodukélhatsdga ennek eredményekép-
pen 4ltaldban igen j6. Hétrdnya azonban, hogy a tracer
elgillitisa egyedi, tSbblépéses kémiai-radiokémiai
szintézist igényel, amelyben az elérhet§ fajlagos aktivi-
tés a beépithet§ tricium-atomok szdma alapjén elméle-
tileg maximdlisan 220 Ci/mmol, de a gyakorlatban a
150 Ci/mmol-t meghaladé fajlagos aktivitds mér ki-
emelked6nek szdmit. Tovdbbi hdtrdny, hogy a tricium
mérése koltséges és munkaigényes. A taldlmény célja
olyan RIA eljards kidolgozdsa, mellyel az 5-HETE
koncentrici6ja egyszeriien, pontosan és érzékenyen
meghatdrozhat6, gy, hogy triciummal jelzett 5-(S)-
HETE helyett az 5-(+)-HETE-nek dj tipusd, 'Bl-izo-
toppal jelzett, nagy fajlagos aktivitdst szdrmazékat al-

10

15

20

25

30

35

40

45

50

55

60

kalmazzuk tracerként. Triciummal jelzett tracer helyett
szdmos kismolekuldji bioaktiv anyag esetében ered-
ményesen alkalmaznak 'ZI-izot6ppal jelzett tracereket
is. Ezeket olymédon nyerik, hogy az alapmolekuldbél
el6zetesen olyan — rendszerint aromds csoportot tartal-
maz6 - szarmazékot 4llitanak €1, amelyekre a !3I-izo-
6p irdnyitottan épithetd be. Ilyen tipusd vegyiilet az
5-(+)-HETE-tirozin-metilészter is, melybsl a '*-jel-
zett nagy fajlagos aktivitdsi monojéd szdrmazék el6-
dllitdsat ismertettitk (J. Chromatography 543: 307,
1991).

A 'BL.izotéppal jelzett tracer alkalmazdsdnak igen
nagy elénye, hogy a jel6lendS alapmolekula tricium-
mal jelzett formdjdnak bonyolult, koltséges elGalli-
tdsira nincs sziikség. A 'Pl-izotép alkalmazdsdval -
olyan laboratériumokban is lehetGvé vélik a mérés,
ahol a tricium-izotép méréséhez sziikséges draga be-
rendezés nem dll rendelkezésre.

A taldlmiény alapja az a felismerés, hogy az 5-HE-
TE koncentriciéjdnak meghatdrozasa antigén — antitest
kétdésen alapulé radioimmun mddszerrel dgy is le-
hetséges, ha az immunokémiai reakcidban (I) képletd,
151.izotppal jelzett, nagy fajlagos aktivitdsy, dj tipust
5-HETE szdrmazékot alkalmazunk. Ez a felismerés
nem magdt6| értet6dG, ugyanis mig a triciummal jelzett
tracer kémiai szerkezete azonos az inakt{v ligandumé-
val, addig a 'Sl-radioligand el§allitisa az alapmoleku-
la kémiai 4talakuldsdval jir, tehdt a radioligandum és
az inaktiv ligandum kémiailag kiilnboz6k. Ennek
alapjdn nem sziikségszerd, hogy a 'Z-I-izot6ppal jel-
zett szdrmazékot a specifikus antitest antigénként felis-
meri.

Felismerésiink szerint az 5-HETE-monojéd-tirozin-
metilészter szdrmazék specifikus tracerként valé alkal-
mazdsa a szerkezeti eltérés ellenére lehetséges, €s ezil-
tal a 'ZLjzotép alkalmazdsdbél ad6d6 mir emlitett
elénydk kedvezdtlen kiakndzhaték az 5-HETE radio-
immun meghatarozdséban is.

Tovébbi lényegi felismerés, hogy nemcsak a szér-
mazékképzésbSl ad6d6 szerkezeti véltozds, de magé-
nak az alapmolekuldnak a Cg szénatom szerinti kirali-
tdsa sem befoly4solja a jéddal jelzett szirmazék immu-
nokémiai reaktivitdsit. Ilymédon el6nydsen olyan ra-
dioligandum alkalmas a meghatdrozdsra, amelynek
szintézise az 5-(S)-HETE helyett a lényegesen egysze-
riibben elGillithatd, és igy olcs6bb racém 5-(+)-HETE-
re mint szintézis-alapanyagra épiilhet.

A taldlmdny térgya teh4t eljards biolégiai minta 5-(S)-
hidroxi-6(transz),8(cisz), 1 1(cisz), 14(cisz)-ejkozatetraén-
sav [5-(S)-HETE] tartalm4nak antigén—antitest reakci6s
meghatdrozdsra ismert mennyiségd, higitdsi sorozat
szerint kiilonbdz6 koncentriciéjd standard 5S-HETE és a
meghatdrozandé bioldgiai mintdk jelenlétében, melynek
sordn megmérjiik tracernek specifikus antitesttel valé ké-
t6dését, és az ismert mennyiségi standard 5-(S)-HETE,
illetve a taldlmény szerint elénydsen 5-(+)-HETE, higité-
si sorozat dltal okozott kétSdésvaltozasbél szdmitjuk a
minta hatéanyagtartalmdt, olyan médon, hogy tracerként
155].izotéppal jelzett, nagy fajlagos aktivitdsd, (I) képletd
5-()-HETE szdrmazékot haszndlunk.
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A taldlmany szerint Gigy jarunk el, hogy higitdsi
sorozat szerint kiilonb6z6, ismert mennyiségd inaktiv
5-HETE standard oldatokat, valamint az ismeretlen
mintdkat specifikus antitesttel és '2I-5-HETE-TME
tracerrel inkubdljuk, majd az antitesthez kotott, illetve
nem kotott frakcidkat elvilasztjuk, és mérjiik a kotott
frakcié radioaktivitdsdt. A kapott radioaktivitds érté-
kekbdl az ismeretlen mintdk 4ltal okozott k6t§désval-
tozdsokhoz tartoz6 koncentriciékat kiszamitjuk.

A radioimmun meghatirozdsok el6tt a kiilonboz6
tipusi mérendd biol6giai mintdkbél a hat6anyagot
megfeleld médszerrel kivonjuk, és a méréshez sziiksé-
ges mértékig tisztitjuk.

Altaldban 10 000 és 60 000, elnydsen 20 000 és
40 000 cpm kozotti beiitésszamii tracert alkalmazunk,
melyet célszerien pufferben oldunk.

A puffer-oldat el6nyosen 0,1% zselatint tartalmazé,
0,01-0,2 mélos, célszerden 0,05 mélos, 7,4 pH-ji vi-
zes foszfat-puffer.

Az oldat konkrét Osszetételét6l fiigglen az inkub4-
ciés hémérséklet 0 és 40 *C kozétti, elGnydsen 0 °C
koriili, az inkubilas ideje az adott h6mérséklettdl fiig-
gben 0,5 és 24 6ra kozotti, el6nyodsen 15-25 6ra kozott
viéltozik.

A médszerhez sziikséges specifikus antitestet el6-
nydsen nydlban termelhetjiik. Ehhez 5-HETE-t, el6-
nyosen 5-(+)-HETE-t, alkalmas hordozéfehérjéhez —
elGnydsen pl. szarvasmarha szérum albuminhoz - ko-
tiink, és a nyulakat ezzel ismételten beoltjuk. Az immu-
niz4lt nyulakbdl kapott anti-5-HETE antiszérum kon-
centrici6jat dgy vilasztjuk meg, hogy az adott elva-
laszté reagens €s inkubiciés id6 mellett a standard
S-HETE-t nem tartalmazé mintdkban a tracer 10-80,
elonydsen 30-60%-a kot6djon az antitesthez.

A médszerhez sziikséges standard anyag 5-(S)-HE-
TE vagy 5-()-HETE lehet, elGny6sen az ut6bbit alkal-
mazzuk. A kétféle kiralitdsi anyag egyenértéki alkal-
mazésdt az teszi lehet§vé, hogy a taldlmédny szerinti
tracert mindkét forma azonosan szoritja le a specifikus
antitest kotShelyeirsl. Igy bar a biolégiai mintdban
mindig 5-(S)-HETE tal4dlhat6, standardként a lényege-
sen olcs6bb 5-(%)-HETE is elGnyosen felhasznélhatd.

A radioligand kététt és szabad frakci6inak elvélasz-
tdsdra eldnydsen 0,5% dextrant és 1% csontszenet tar-
talmazé 0,01 mélos foszfat-puffert (pH 7,4) alkalma-
zunk, amely a szabad radioligandumot megkéti, és a
centrifugdldssal kapott feliilisz6 tartalmazza az anti-
testhez kotote tracert, amelynek radioaktivitdsat szcin-
tilldciés médszerrel mérjiik.

A taldlmdny szerinti eljards elGnyeit a kdvetkezok-
ben foglaljuk ossze:

Az eljards az 5-HETE tartalom meghatirozisdra
olyan radioimmun médszert alkalmaz, amely racém
5-HETE 'Bl-tel jelzett monoj6d-tirozin-metilészter
szdrmazékdn mint nyomjelz6 anyagon alapul. Ezdltal
egyrészt sziikségtelenné vélik a triciummal jelzett 5-
(S)-HETE elGillitdsdhoz sziikséges soklépéses, koltsé-
ges és munkaigényes szintézisiit alkalmazdsa, masrészt
a '»[-izot6p alkalmazédsibol ad6dé 4ltaldnos elGnydk —
azaz a magas érzékenység, egyszerd, gyors és olcsé
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méréstechnika - az 5-HETE radioimmun meghatdroza-
sdban is kiakndzhatévé vilnak.

ElSny tovabb4 az is, hogy a taldlmdny szerinti eljd-
rasban alkalmazott radioliganddal az 5-(*)-HETE
ugyanigy reagdl, mint a mintdkban 1évG 5-(S)-HETE,
igy standardként nem sziikséges a dragdbb 5-(S)-HETE
alkalmazésa.

A taldlményt részletesebben konkrét példdk alapjan
ismertetjiik, amelyre a talilmédny oltalmi kére termé-
szetesen nem korlitozédik.

1. példa

Humén vérplazma 5-(S)-HETE tartalmédnak meg-

hatdrozdsa ionofor ingerlés utdn

Az el6z6leg kalcium-ionoférral (pl. az A-23 187
maérkanevi, Sigma, USA készitménnyel, pl. a Prostag-
landins 42: 279, 1991. szakirodalmi forrds szerinti
médszerrel) stimuldlt vérbgl kapott plazma-mintdkat a
meghatdrozis el6tt szilird fizisd extrakcidnak vetjik
ald a kdvetkez6 médon: 1 ml plazméhoz hozzdadunk
100 pl 2 mélos citromsav-oldatot, majd az elegyet in-
jekeios fecskenddbe pipettdzzuk, és dtnyomjuk a fecs-
kendére helyezett, un. ,forditott fazisu” szilikagélt tar-
talmazé mdanyag patronon, vagy miniatdr oszlopon
(Sep-Pak C,3, Waters Ass., USA, illetve Bond-Elut Cy3,
Varian, USA gydrtmdny), amelyet el6z6leg a gyart6
cég haszndlati utasitdsa szerint el6készitettiink. A tdlte-
ten ezutdn ugyanazon fecskendével dtnyomunk 10 ml
desztilldlt vizet és 10 ml 5%-os vizes etilalkoholt. Eze-
ket a folyadékokat elontjiik, majd a patronon 10 ml
etil-acetdtot nyomunk 4t, amelyet midanyag kémcsGbe
gydjtiink, hozzdadunk 1 ml desztill4lt vizet, kémcsdke-
verdvel néhdny mésodpercig kevertetjiik, majd a vizes
fazist pipettdval alulrél kiszivjuk, és elontjik. Ezt a
miveletet még egyszer megismételjilk, majd az etil-
acetdtos oldatot Rotavapor tipusi forgébepirl6 készii-
léken (Biichi, Svéjc) 30-35 “C hémérsékleten vdkuum-
ban szérazra paroljuk és RIA pufferben (6sszetételét 1d.
késébb) oldjuk. Az ismeretlen mintdkkal parhuzamo-
san, a fentiekkel teljesen azonosan olyan plazmamintét
is feldolgozunk, amely nem-stimulélt vérb6l szdrmazik
(..blank™). A fentiek szerint elkészitett mintdkbdl koz-
vetleniill a RIA-mérés eltt szdzszoros higitdst készi-
tiink, szintén RIA-pufferrel.

A RIA-méréshez 10 ng/ml koncentréciji standard
5-()-HETE térzsoldatb6l pufferes higftdst készitiink
tigy, hogy 1-1 ml térfogati mintdkat kapjunk, amelyek
hatéanyagkoncentréci6ja 0,12-0,37-1,11-3,33—-
10 ng/ml. A standard oldatokbél és a meghatdrozandé
mintdkb6l 100~100 pl-t sorszdmozott manyag kémcso-
vekbe automata pipettival bemériink, majd hozzdadunk
100 ul antiszérumot olyan higitdsban, amely a tracermek
30-40%-4t képes megkdtni. Ezutdn valamennyi csGbe
bepipettdzunk 100 pi (I) képletd tracert, amelynek radio-
aktivitdsa 30 000-40 000 cpm/100 pl. A nem-specifikus
k6t6dés (NSB) meghatdrozisdra tovabbi kémcsovekbe
az antiszérum helyett 100 pl tiszta puffer oldatot tesziink,
mig a specifikus kot6dés (B/T) és a teljes radioaktivitis
(TC) meghatirozéséra a standard oldatok helyett is tiszta
pufferoldatot adunk az antitesthez.
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Minden egyes mérési ponthoz hdrom parhuzamost
(hdrom azonos reagenstsszetételd kémcsovet) haszni-
lunk, €s valamennyi kémcsGben a reakcidelegy térfogatdt
a sziikséges térfogati puffer hozzdaddsdval 400 pl-re
egészitjiik ki. Valamennyi reagens (tracer, antitest, stan-
dardok és mintdk) oldds4hoz és a térfogatkiegészitéséhez
0,05 mélos, 7,4 pH-ji, 0,1% zselatint tartalmazé vizes
foszfat-puffert (RIA-puffert) haszn4lunk.

A reagensek Gsszemérése utdn a kémcesdvek tartalmat
kémcsSkevergvel néhdny masodpercig kevertetjitk, majd
lezérjuk, és hiitGszekrényben 0—4 *C kdzotti hmérsékle-
ten éjszakdn 4t dllni hagyjuk. Ezutdn a TC csévekhez
hozzdadunk 500 yl hideg RIA-puffert, a tobbi cs6hdz pe-
dig 500 pl csontszén-szuszpenzi6t, amelyet a hozz4adas
kozben jeges-vizes fiirdGn mégneses kever§+el erfsen
kevertetiink. A szén-szuszpenzi6 Gsszetétele: 0,01 mélos
foszfit-puffer (pH 7,4) 0,5% Dextran T-70 (Pharmacia,
Finnorszdg) és 1% Norit-A (Serva, NSZK). A kémcsdve-
ket 10 percig 0 °C-on centrifugsljuk. Ezutdn a feliil-
tisz6kbd! alkalmas mérbcstvekbe 0,5 ml-t pipettdzunk,
€s ezek radioaktivitasat Nal(TI) szcintilldciés kristéllyal
elldtott automatikus mintavélté, pl. Minigamma (LKB,
Svédorsz4g) berendezések megmeérjiik. A szdmitdst a ra-
dioimmun meghatérozasokndl szokdsos médon elvégez-
ve, a higitdsi faktorral korrigdlva, és a blankre kapott ér-
téket az ismeretlen mintdkra kapott értékekbdél levonva,
megkapjuk a plazmamintdk 5-HETE koncentricidjat,
amely méréseink szerint 100~300 ng/mg kozott véltozik.

2. példa

[zoldlt sejtek 5-HETE bioszintézisének meghatdro-

zdsa

Mindenben az 1. példa szerint jérunk el, azzal az
eltéréssel, hogy mintaként izolélt sejtek, vagy sejtte-
nyészetek vizes, pufferolt tipfolyadékait alkalmazzuk,
wblank” mintaként pedig a sejtmentes tdpfolyadék szol-
gél. Ezzel a mddszerrel elsGsorban kisérleti 4llatok,
vagy ember kiilonboz6 fehérvérsejt-tipusainak (neutro-
fil és eozinofil granulocitdk, monocitdk, immunocitsk)
S-HETE bioszintetizdlé képessége hatdrozhaté meg. A
vért koncentracidk a vizsgdlt sejttipus, a kisérleti koriil-
mények, €s az alkalmazott kezelések szerint tdg hats-
rok kézt véltozhatnak, a méréshez sziikséges mintahi-
gitdst ennek megfelelGen elGkisérletekben 4llitjuk be,
gy, hogy a mért értékek a kalibriciés gorbére essenek.
A pontos koncentricié szdmitdsdhoz a RIA mérések-
ben kapott adatokat ebben az esetben is korrigélni kell
a higitasi faktorral, valamint a ,,blank” értékével.

Sajédt vizsgilatainkban emberi neutrofil granuloci-
tdkon, 10 perces kalcium-inofér (Ionophore-Aj; g7,
Sigma, USA gyédrtmdény) kezelés utdn az 5-HETE bio-
szintézis értéke 10-30 ng/107 sejt, ennek megfelelSen
az extrakci6 utdn kapott pufferes oldat célszeriien 10—
50-szeres higitdsban mérhetd.

3. példa

Tiiddszivet 5-HETE tartalmdnak meghatdrozdsa

I g tiidGszbvetet S ml metil-alkoholban homogeni-
zdlunk, majd ennek 1 ml-éhez 5 ml 0,1 mélos (pH 7,4)
ndtrium-foszfitpuffer és 10 000 cpm radioaktivitdsi
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triciummal  jelzett S-HETE-t [(*H)-5-(S)-HETE,
Amersham International plc, Anglia terméke] adunk.
Az oldatb6l 0,5 mi-t félretesziink az extrakciés hatds-
fok mérésére (,.A minta”), tovdbbi 1 ml-t pedig az 1.
példa szerinti szildrd fazisd extrakcidval tisztitunk. Az
extrakcié utdni 1 ml RIA-pufferes mintdb6l 0,1 ml-t
félretesziink (,,B minta™), a t&bbibdl — elGkisérletek
alapjan optimalizdlt higitisban — RIA meghatdrozast
végziink. A pontos szdveti koncentriciékat a higitdsi
faktor és a feldolgozisi veszteség figyelembevételével
szdmitjuk ki. Utébbit olymédon hatdrozzuk meg, hogy
az ,,A” és a ,,B" mintik radioaktivitdsat folyadékszcin-
tilldciés mddszerrel megmérjiik, és a B/A hinyadost
képezziik. Ennek éntiéke a példa szerinti feldolgozasi
médszerre 4ltaldban nagyobb, mint 0,8, vagyis a fel-
dolgozdsi veszteség kisebb, mint 20%.

A fenti médszer kiilonféle kisérleti dllatok (pl. pat-
kiny, egér, nyil) tiidG6sz6veti S-HETE tartalmdnak
meghatdrozasdra 4ltaldnosan alkalmazhat6. A szbveti
koncentrécié 4dllatfajonként és a kezeléstdl fliggben tdg
hatdrok kézott vdltozik, igy a feldolgozandd szdvet
célszerii témegét, €s az optimdlis higitdsokat el6-
kisérletekben meg kell hatdrozni. Sajit méréseink sze-
rint patkdnyban, 1 g nedves tiid§szovetben, endotoxin-
kezelés (Escherichia coli endotoxin, Sigma, USA
gyértmany) utdn 6-12 ng 5-HETE mérhet5, amelyhez
a példa szerint 1 g szévet elegendS, és az extrakcié
utdni mintdk tizszeres higitdsabdl tortént a RIA-meg-
hatédrozds.

4. példa

Specifikus 5-HETE antiszérum elédllitdsa nyilban

Az eljdrashoz 5 mg szintetikus 5-(+)-HETE-t (Cay-
man Company, USA gyirtmdany) alkalmazunk, amelyet
20 mg szarvasmarha-szérumalbuminhoz (BSA, lyophi-
lized and crystallized powder, Sigma, USA gyadrtmény)
kémiailag kétiink, az Eicosanoids 4, 1, 1991. iroda-
lommal megegyez§ eljirds szerint. Az igy nyert immu-
nogén fehérjével 3 db him, Gj-zélandi fehér nyulat ke-
zeliink az aldbbiak szerint:

I mg fehérét 0,5 ml fiziol6gids sGoldatban (0,9%-
os vizes NaCl-oldat) oldva, 0,5 ml komplett Freund-
adjuvanssal (Sigma, USA) intenziven osszekeveriink,
majd a kapott emulziét a kisérleti 4llat hétbSrébe oltjuk
40-60 oltdsi ponton egyenletesen elosztva. 1 hénapos
id6kozonként a fenti kezelést megismételjiik olyan mé-
don, hogy 1 mg helyett 0,5 mg fehérjét alkalmazunk,
és a komplett Freund-adjuvinst inkomplett Freund-ad-
juvénssal (Humdn Oltéanyagtermel Villalat, G8dol-
16) helyettesitjiik. Ezt a kezelést havonta megismétel-
jiik, és a kezelések utdn 10 nappal az dllatok fiil vén4js-
b6l 1/2 ml vérmintdt vesziink, amelyeket a vérvétel
utdn 1000 fordulat/perc sebességgel centrifugélunk, és
a vérsavet elvdlasztjuk. Az igy kapott vérsavékat az
dltaldnos RIA-eljirdsoknak megfelelGen az aldbbiak
szerint minGsitjiik:

- Megmérjilkk a minta kotGképességét (,titerét”)
nagy fajlagos aktivitisé [°H])-5-(S)-HETE
(Amersham International plc., Anglia) és a taldl-
many szerinti 'Zl-jelzett tracerrel.
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— Ugyanezen tracerekkel a fentiek szerint megha-
tarozott antiszérum-higitisban standard gorbéket
készitlink, vgy, hogy standard anyagként 5-(S)-
HETE-t és 5-(+)-HETE-t (mindketté a Cayman
Chemical Co., USA gyédrtméanya) alkalmaztunk.

A mérési adatok alapjan az oltdsokat mindaddig

folytatjuk a fent leirtak szerint, amig olyan antiszéru-
mot nem nyeriink, amely mindkét tracert képes meg-
kotni, ugyanakkor a !®[-jelzett tracer kotGdése S-HE-
TE-vel gitolhat6, és a gdtléképesség azonos az 5-(S)-
HETE-re és 5-(+)-HETE-re vonatkozdan.

SZABADALMI IGENYPONTOK

1. Eljards  biolégiai minta  5-(S)-hidroxi-
6(transz),8(cisz),11(cisz), 14(cisz)-ejkozatetraénsav  [5-
(S)-HETE] tartalmdnak antigén-antitest reakciés megha-
tdrozasdra ismert mennyiségd, higitdsi sorozat szerint kii-
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16nb&2z6 koncentracijd standard S-HETE és a meghatd- 20

rozandé biolégiai mintdk jelenlétében, melynek sordn
megmérjiik a tracernek a specifikus antitesttel valé kétd-

dését, és az ismert mennyiségd standard 5-(S)-HETE, il-
letve 5-(+)-HETE, higitdsi sorozat 4ltal okozott kétodés-

-elvdltoz4sbél szdmitjuk a minta hatéanyagtartalmat, az-

zal jellemezve, hogy tracerként 'ZI-izotéppal jelzett,
nagy fajlagos aktivitdsu, (I) képletd 5-(+)-HETE-mono-
j6d-tirozin-metilészter szdrmazékot alkalmazunk.

2. Az 1. igénypont szerinti eljdrds, azzal jellemez-
ve, hogy 3000 és 100 000, el6nyosen 10 000 és
60 000 cpm kozdui beiitésszimd, nagyobb, mint
40 TBq/mmol, elénydsen 74 TBg/mmol fajlagos akti-
vitdsd, (I) dltaldnos képletd tracert alkalmazunk.

3. Az 1. vagy 2. igénypont szerinti eljirds, az-
zal jellemezve, hogy antitestként nyilban — elénydsen
szarvasmarha szérum albuminhoz kotott 5-(+)-HETE
mint immunogén anyag ellen — keletkezett specifikus
anti-5-HETE immunplazmdt vagy immunsavét alkal-
mazunk, az inaktiv 5-HETE-t nem tartalmazé minti-
ban a tracer 10-80, el6nydsen 30-60%-at megkdtni
képes koncentraciéban.

4. Az 1-3. igénypontok barmelyike szerinti eljdras,
azzal jellemezve, hogy standard -anyagként az 5-(S)-
HETE-t vagy el6ny6sen az 5-(+)-HETE-t alkalmazzuk.
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Mucha I: Eljaras 9alfa,11béta-PGF2 tartalom radioimmunol6giai
meghatarozasara és az ehhez alkalmazott j6d-125 izot6ppal
jelzett radioligandum el6éllitasara. Hung. Pat. 208747, 1994
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(54)  Eljaras 9«, 11p - PGF2 tartalom radioimmunolégiai meghatarozasara
és az ehhez alkalmazott jod-125 izotéppal jelzett radioligandum eldallitasara

(57) KIVONAT

A talalmany megjavitja a kdzegmintdk 9a, 11B-PGF,
tartalmanak antigén—antitest reakciés meghatdrozisat
annak révén, hogy a taldlmany szerint kedvezg feltéte-
lek kozott elGallithatd j szerkezeti radioligandot, (I)
altalanos képletd, jod—125 izotdppal jelzett 9, 11B-
PGF,-jédtirozin-metilésztert alkalmazunk, amelynek

(D
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A leirds terjedelme: 8 oldal (ezen beliil I lap abra)

fajlagos aktivitisa kiemelkedGen magas, és eziltal a
meghatarozds érzékenysége néhany pikogram/millili-
ter. A taldlméany szerint az (I) képleti radioligandot
gy allitjuk eld, hogy a (II) képletii 9ct, 11B-PGF,-tiro-
zin-metilésztert nagy fajlagos aktivitdsi NA'?3I-dal
reagaltatjuk.
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A talilmany targya eljards bioldgiai mintdk 9c,11f-
PGF, koncentrici6jinak radioimmunolégiai meghati-
rozdséra, melynek sordn megmérjiik j6d-125 izotéppal
jelzett, nagy fajlagos aktivitisi 9a,113—PGF, szirma-
zék mint nyomjelz6 anyag (tovibbiakban: radioligan-
dum vagy tracer) specifikus antitesthez valé kotGdését
ismert mennyiség, kiilonb6z6 koncentricidji standard
9a,118—PGF,; oldatok és a meghatirozandé mintak je-
lenlétében, majd a standardokhoz tartozé kétésvaltoza-
sok ismeretében a mintdkhoz tartozé kotésvaltozasok-
bol kiszimitjuk azok hatdanyagtartalmat.

A taldlmany szerint ebben az immunokémiai reak-
ciéban tracerként olyan, egyes prosztaglandin tipusok-
ra mir koribban sikerrel alkalmazott radioligandokkal
analég szerkezetli szirmazékot hasznilunk, amely a
taldlméany targyat képezé prosztaglandin tipusra még
nem ismert.

A taldlmény tirgya tovabba ezen Uj szerkezetit ra-
dioligand elGallitasira szolgélod eljaras.

Ismert, hogy a prosztaglandin D, (PGD,) enzimati-
kus atalakuldsa sordn — mas prosztaglandinokté! eltérs-
en ~ nemcsak bioldgiailag hatastalan, hanem az anya-
vegyiilctt6l eltérd bioldgiai aktivitissal rendelkcz6
szirmazékok is keletkeznek. Ezek egyik fontos képvi-
sclgje a néhany éve felfedezett 9a,113-PGF,, vagy
11-epi-PGF,,, amely a régéta ismert, legdltalanosab-
ban elterjedt prosztaglandin tipusnak, a PGF,4-nak
szerkezeti izomerje. Bioldgiai aktivitisa mint a PGD,-
t6l, mind a PGF,,-t6l.eltér. Az els6dlegesen keletkezo
prosztanoidoktdl (pl. PGE;, PGF,,, TXB)) eltérden a
kiilonbozé szdvetekben nem éltalanosan elterjedt, en-
nck megfelelden koncentriciéja még ezen prosztanoi-
dok igen alacsony koncentricidjanil is kisebb. Emiatt
megfeleld érzékenységi mérdmédszer kidolgozisa
még a tobbi prosztanoidéndl is Iényegesebb.
kell6 érzékenységl és megfelel pontossigh meghata-
rozisira legalkalmasabb az antigén-—antitest kotésen
alapulé radioimmunoassay (RIA) eljards. A médszer
olyan radioizotépos nyomjclzés, amelynck kulcsrea-
gense a mérendd molckula kellGen magas fajlagos akti-
vitdsi radioizotdppal jelzett formaja (tracer).

Hyen célra eddig kizirélag triciummal jelzett
9a,11B-PGF,-t alkalmaztak. A kutatisi alkalmazasrél
csak kevés szakirodalmi forrds ismert (pl. Prostaglan-
dins 33:517, 1987, Brain Res. 385:321, 1986; Anal.
Biochem. 182:1, 1990), és minddssze egy gyirt6, az
Amcrsham International plc. (Anglia) gyart kereske-
dclmi forgalomban kaphaté mérékészletet.

A triciummal jelzett tracer clonye, hogy az izotép
viszonylag hosszit felezési idejc alapjan (12 év) a tra-
cer gyakorlatilag stabilnak tckinthetd, és az ezen alapu-
16 RIA-k pontossiga, reprodukilhatésiga &ltaliban
igen jo. Az clérhetd fajlagos aktivitis (kb.
200 Ci/mmot) altaliban megfelcl érzékenységet biz-
tosit. Hatrinya azonban, hogy a tracer elGillitisa egyc-
di, soklépéses kémiai-radiokémiai szintézist igényel,
és a tricium mérésc koltséges és munkaigényes.

Szimos kismolckulaja bioaktiv anyag, igy a prosz-
taglandinok esctében is a triciummal jelzett tracer he-
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lyett sikerrel alkalmaznak olyan radioligandumokat,
amelyek az alapmolekulihoz kotott funkcids csoporton
j6d=125 izotépot tartalmaznak. (Eur. J. Clin. Invest.
5:311, 1975; Biochim. Biophys. Acta 431:139, 1976,
Anal. Biochem. 87:343, 1978; Prosta. Med. 4:399,
1980; Prostaglandins 16:277, 1978; Adv. Prosta.
Thromb. Res. 6:167, 1980; Izotdptechnika 22:190,
1979; J. Chromatography 189:433, 1980; Mucha Ist-
vin: Kandiditusi értekezés 1985.)

A jod-125-tel jelzett tracer alkalmazasinak nagy
¢lénye, hogy ncm magat az alapmolekulét kell jelzett
forméaban elGallitani, hanem egy minddssze kétlépéses
egyszerii szintézissel jutunk a tracerhez. Tovabbi Ié-
nyeges elony, hogy az igy nyert tracer fajlagos aktivita-
sa a triciummal jelzett tracerének akir tizszerese is
lehet, és eziltal a meghatirozas érzékenysége jelents-
sen ndvelhetd. A jod—125 izotép alkalmazisa ugyanak-
kor gazdasigos is, mivel méréstechnikaja gyorsabb,
egyszeribb, és olcsobb, és a radioimmun meghatiro-
zdshoz sziikséges specifikus antitest igénye is Iényege-
sen keveschbb.

A j6d—125 izotdppal jelzett tracer felhasznaldsdnak
gyakorlati hitrinya, hogy az izotop felezési ideje ro-
vid, és a vele valé miiveletck sugdrveszélye nagyobb a
triciuménal.

A talilmdny célja olyan RIA eljards kidolgozisa,
mellyel a 9a,l11B-PGF, koncentricidja - egyszeriien,
pontosan és az ismert eljardsndl nagyobb érzékenység-
gel hatirozhaté meg tricium helyett jod—125 izotdppal
jelzett tracer felhaszndldsdval. A taldlmany tovibbi cél-
ja az ehhez szilkkséges 10j tipusi, a szakirodalomban
nem ismert, jod—125 izotdppal jelzett, nagy fajlagos
aktivitdsi  9a,11p—PGF,-monojéd-tirozin-metilészter
szdrmazék cléallitisira szolgalo eljaras kidolgozasa.

A talilminy alapja az a felismerés, hogy egyéb
kismolekuldju anyagokkal — igy kiilonboz6 proszta-
glandinokkal is — analég moddon, a altaldnos képleti
vegyiilet radioimmun meghatirozasa is lehetséges jod—
125 izotép felhasznildsdval, ha az alapmolekulihoz
tirozin-metilésztcr csoportot kapcsolunk és ezt mint
prosztetikus csoportot jod-125 izotoppal szclektiven
jeloljiik.

A taldlminy targya tchit biolégiai mintdk 9a,11B-
mely az ismert eljirisoktSl abban kiilonbdzik, hogy
triciummal jelzctt tracer hclyett jod—125-tel jelzett,
nagy fajlagos aktivitisi 9a,11B-PGF,-monojéd-tiro-
zin-metilésztert alkalmazunk radioaktiv nyomjelzé
anyagkeént.

Ennck soran ugy jarunk el, hogy megmérjiik a tra-
cemnek specifikus antitesttcl valo kotodését ismert
tok, valamint a mérendé mintik jclenlétében. Az igy
kapott értékekbdl az ismerctlen mintdk altal okozott
kétésviltozisokhoz tartozé 9, 118-PGF, koncentrici-
o6kat kiszamitjuk.

A taldlminy szcrint a mérést ugy végezziik el, hogy
a mérends bioldgiai mintakbol a hatéanyagot megfele-
16 médszerrel kivonjuk, majd a tracert, a higitasi soro-
zat szerint kiilonbdz6 mennyiségii standard 9at,11B-
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PGF,-t, illetve a mérendd mintakat specifikus antitest-

tel reagéltatjuk, majd az antitesthez kotott, ill. nem .

kotott frakciokat elvalasztjuk, és mérjiik a kotott frak-
ci6 radioaktivitasat. Az igy kapott értékekbél az isme-
retlen mintak 4ltal okozott kdtésvaltozasokhoz tartozé
hatéanyag-koncentriciékat kiszamitjuk.

Altaldban 10 000 és 60 000, elénydsen 20 000 és
40 000 cpm kozotti beiitésszdma tracert alkalmazunk,
amelyet célszeriien pufferben oldunk. .

A puffer elonyGsen 0,1% zselatint tartaltmazé 0,01-
0,2 mélos, 7,4 pH-ji foszfat-puffer.

Az oldat konkrét dsszetételétl fiiggden az inkubi-
ci6s homérséklet 0 és 40 *C kozotti, az inkubicio id6-
tartama 1 és 40, elGnydsen 3 és 20 ra kozott valtozik.

A specifikus antitest célszeriien magas titerii, meg-
felelen magas (10°-101° M) affinitisi egyiitthatéval
rendetkezd anti-9a,113-PGF, anti-plazma. Ezt olyan
higitisban alkalmazzuk, amely a standard 9a,11B-
PGF,-t nem tartalmazé mintiban a tracer 20-80, el5-
nydsen kb. 40-50%-4t képes megkotni.

A tracer kotott és szabad frakcidinak elvalasztisira
elénydsen 1% csontszén szuszpenziét hasznilunk, me-
lyet elonydsen 0,5% dextrant tartalmazé 0,01 molos
foszfit-pufferrel (pH 7,4) készitlink. A csontszén a sza-
bad radioligandumot megkéti, és a centrifugilassal ka-
pott feliiliisz6 tartalmazza az antitesthez kotott tracert,
melynek radioaktivitdsit szcintillicios médszerrel mér-
jiik.

A talilminy szerinti eljirds igen lényeges elonye,
hogy alkalmazasaval nagyon alacsony kimutatasi hatar
¢rheto el; 23 fiiggetien mérésbol kapott statisztikai ada-
tok alapjan a legkisebb kimutathaté dézis 0,855 pg (a
relativ szoras 42%), mig az 50%-os tracer-kiszoritas-
hoz tartozé koncentréici6é ~ az IDs, érték — 6,45 pg (a
relativ széras 22,5%). Ezzel szemben a kereskedelmi
forgalomban kaphaté RIA-készlet ugyanezen paramé-
terci 4, illctve 20 pg, a kordbban emlitett szakirodalmi
forrdsokban pedig — ha az érzékenységi adatokat egyal-
taln kozlik — még kedvezétlencbb értékeket taldlunk,
igy pl. a Prostaglandins 33, 517, 1987 kdzleményben a
kozolt kimutatdsi hatir 20 pg, az IDsy érték pedig
150 pg.

A minél nagyobb cxzékenyseg clérése clméleti és
gyakorlati szempontbél egyarint kulcsfontossagd, mert
az érzékenység ndvekedésénck arinydban csokkenthe-
t6 a meghatdrozishoz sziikséges mintatérfogat is. Ez a
9a,118-PGF, esetében azért kiilondsen is fontos, mi-
vel annak természctes szbveti koncentricidja olyan
alacsony, hogy kevésbé érzékeny modszer. alkalmazai-
sakor tilsdgosan nagy térfogati biol6giai mintira van
sziikség elegend6 hatbanyag kinyeréséhez. Ez nemesak
a meghatirozis koltségeit noveli jclentGsen, hanem

korlatozza szdmos olyan szivettipus kisérleti felhasz--

nilisit, amelyek a kivant térfogatban nem is gyiijthc-
t6k dssze (pl. kistestd Jaboratériumi Allatok vérmintai
sth.). A nagy mintatérfogat alapvetd elvi hitrinya,
hogy a nagyobb térfogattal egyiitt nemcsak a mérendd
hatéanyag, hanem a szennyezG anyagok menayisége is
ardnyosan novekszik, &s cziltal romlik a meghatarozis
specificitisa. Ennck kikiiszobolése tovabbi tisztitdsi
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miiveletek alkalmazisat igényelheti, és ez ujabb jelen-
tGs tobbletkdltséggel és munka-riforditdssal jarhat. A
talalmény szerinti eljirds alkalmazisidval mindezen
hdtrinyok a lehetséges minimumra csdkkenthetdk.

A taldlmany tirgya tovabbd eljirds a radioimmun
meghatirozédshoz sziikséges (I) képletii, nagy fajlagos
aktivitisd, jod—125 izotéppal jelzett 9a,113—PGF,-mo-
nojodtirozin-metilészter  (9ot,11B—PGF,~TME-12°])
eléallitdsara.

A taldlmany szerint az (I) képletii radioligandot
ugy allitjuk eld, hogy a (II) képletl 9c,11B—PGF,—~
TME szarmazékot elénydsen nagy fajlagos aktivita-
s, (kb. 2000 Ci/mmol; 74 TBq/mmol) Na'?’I-dal re-
agiltatjuk célszerien kléramin-T (para-toluol-szul-
fokldramin-nitriumso) reagens jelenlétében pufferolt
kozegben (elonyosen 7 folotti pH értéken) révid (10—
200 maésodperc), eldnydsen 30~60 misodperc reak-
ciéidovel, gy, hogy a (II) képleti 9a,118-PGFy—
TME szirmazékot a Na'?5]-hoz képest 20-200, el5-
nydsen 30-50-szeres mélarinyban alkalmazzuk, és a
reakcididGt gy szabilyozzuk, hogy megfeleld ido-
pontban a rendszerben kldramin-T hatdsdra képz6d6
reakcidképes oxidilt jodot ndtrium-metabiszulfit
hozziadisival jodid ionnd redukéljuk. Az (I) képleti
célvegyiilet szintézis¢hez célszeriien foszfat puffert
alkalmazunk, a (IT) képletii anyagot célszeriien etilal-
koholos oldatban adjuk a rcakciéelegyhez oly médon,
hogy az etanol végkoncentracidja a 20%-ot ne halad-
ja meg. Az (I) képleti célvegyiilet eléillitasdnak leg-
fontosabb 1épésc az cldallitani kivint monojéd-szér-
mazék elvilasztisa az egyéb jodjelzett szirmazékok-
t6l, valamint a reakcid befejezddése utdn a nagy kiin-
dulasi moélfelesleg miatt még mindig nagy feles-
legben 1évé (II) képleti kiinduldsi anyagtél. Erre cél-
szenlien adszorbcids oszlop-kromatografiat alkalma-
zunk, melyet ugy végziink, hogy a reakcidelegyet
Sephadex LH-20 oszlopra fclvissziikk, és névekvd
etanol koncentrici6ji etanol : nitrium-citrit (pH 4,0)
ketkomponcnsu oldészercleggyel eludljuk a kiilénbd-
z6 jodjelzett szarmazékokat, mikdzben az effluens
radioaktivitisat folyamatosan mérjiik, és az ezzel aré-
nyos jelet regisztralo késziilékkel rogzitjiik.

A taldimany szerint célszericn a kovetkezs oldé-
szereket alkalmazzuk:. tiszta citrat puffcr (0,2 mélos,
pH 4 0), majd. 1 molos citrat (pH 4,0) és etariol 4:1
ardnyu elegyc, ahol a“tiszta _végterméket_az .utobbi
frakciéban kapjuk meg. Az oldészerek sziikséges térfo-
gata az aktuahs, ¢s az elvalasztas kdzben folyamatosan
regisztralt cliciés profil &s a kcpzodott _]clzett vcgyule-
tek Bsszetételénck (ardnyénak) ﬁxggvcnye, altalnban a
tiszta citrat puﬂ'crbol 40-70 ml-t,a4:1 aranyu citrdt :
etanol elegybol pedig 3060 ml-t alkalmazunk.”

Kiiln clényc a talalmany szerinti eljarasnak, hogy
az alkalmazott apolaros dextran gélen a jodjelzett szér-
mazékok adszorbcids készsége jclentSsen meghaladja
a kiindutasi (IT) képletit inaktiv anyagét, ily médon az
(1) képletii célvegyiilet — amelyct még hatisos jédbe-
épiilés mellett is jelentds mennyiségd (1) képletii kiin-
dulisi anyag szennycz — teljcs biztonsiggal valaszthato
¢l, és ezzcl a talilminy szerinti radioimmun meghata-
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rozishoz sziikséges magas fajlagos aktivitds bizto-
sithato.

A (II) képletd vegyiiletet a (III) képletd 9a,11p-
PGF, és tirozin-metilészter reakci6jival llitjuk el6 oly
mddon, hogy a 9a,l1B~PGF,-t 1-5 elénydsen 2-3
mélardnyli tirozin-metil-észterrel reagiltatjuk, 1-5,
clonyosen 2-3 mélardnya 1-etil-e-(3' dimetil-amino-
propil)-karbodiimid-hidroklorid reagens jelenlétében,
célszerlien vizes tetrahidrofurianban, 0-50 “C-on, elG-
nydsen szobahSmérsékleten, 3-40, elénydsen 20-24
6ra idGtartamig. Az oldészert vikuum-desztilliciéval
eltivolitjuk, a maradékot célszeriien etil-acetitban old-
juk, majd az etil-acetitos oldatbél hig savas extrakci6-
val, célszerien 0,1 n s6savval kimossuk a viltozatlan
tirozin-metilésztert, hig lagos, célszeriien 0,1 n NaOH-
os extrakcibval pedig az el nem reagalt (II) képletii
vegyiiletet.

A terméket célszerlien vékonyréteg-kromatogrifias
uton tisztitjuk, célszerlien olyan szilikagél rétegen,
amely fluoreszcens indikétort tartalmaz, a kifejlesztd
oldészerelegy pedig célszerien kloroform : metanol :
viz 90:10:1 térfogatarinyli clegye. A terméket
254 nm-es UV-fénnyel megvilagitva mutatjuk ki.

A taldlmanyt a tovabbiakban részletesebben példik
kerctében magyarazzuk, amelyekre a taldlméiny termé-
szetesen nem korlatozodik.

1. példa

A jodjelzéshez hasznalt (I1) képleti koztitermék eld-

éllitasa

1 mg (2,74 mikromal) (III) képletii 9c,113-PGF,-t,
1,5 mg (8,4 mikromdl) 1-etil-3-(3'-dimetil-aminopro-
pil)-karbodiimid-hidroklorid-ot és 2 mg (10,5 mikro-
mol) tirozin-metilésztert egyszerre bemériink, hozzi-
adunk 100 mikroliter desztillalt tetrahidrofurant és 20
mikroliter desztillalt vizet. Az elegyet szobahGfokon 24
6rdn 4t kevertetjiik, majd az olddszert csdkkentett nyo-
mdson ledesztillaljuk, a maradékot 30 ml etil-acetitban
feloldjuk, és razétdlcsérbe dntjiik. Ezt az oldatot sor-
rendben 3x2 ml 0,1 n sbsavval, 3x2 ml vizzel, 3x2 ml
0,1 n nétrium-hidroxiddal és 3x3 ml vizzel Gsszeriz-
zuk. Mindcn Gsszerdzas utan a vizes fizist elvilasztjuk
¢s elontjiik. Az utolsé mosis utin az etil-acetitos olda-
tot forgobeparld késziiléken (Biichi, Svajci gydrtmény)
vikuumban bepiroljuk. A maradék fehér, kristilyos
anyagot 100 mikroliter etil-alkoholban oldjuk, majd
0,25%200x 100 mm méretii Kieselgel 60 F 254 (Merck,
NSZK gyartmény) szilikagél rétegre 3 cm-es sivban
felvissziik, és kloroform : metanol : viz 90:10: 1 tér-
fogatarinyu elegybe helyezve a kromatogrammot ki-
fejlesztjiik. Kifejlesztés utin a réteget hideg leveg6vel
széritjuk, majd 254 nm hulldmhosszu ultraibolya
fénnycl megvilagitva a foltokat lathatévd tessziik. A
0,255 Rf értékii folt helyén a réteget lekaparjuk, 10 ml
clil-alkoholt tesziink ra, és 1 6ra virakozds utin iiveg-
sziirdn sziirjiik. A sziiron 1évo gélt 2x5 m etil-alkohol-
lal mossuk, az alkoholos oldatokat egyesitjiik, forgébe-
pirlon szirazra péaroljuk, és mérjitk a termék sulyat,
majd etil-alkohollal torzsoldatot készitiink beléle.

A kapott (IT) képletii termék tomege a kromatogra-
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fids tisztitas utin 212 mikrogram, ami 14,6% kiterme-
lésnek felel meg.

2. példa

Az (1) képlett céltermék elGallitasa

Az 1, példa szerint kapott 9a,118-PGF,~TME
szirmazék 100 mikro-gramm/ml koncentrici6ji etano-
los oldatébél 30 mikrolitert (6,5 nmol) 1 ml-es talpas
Eppendorf csdbe pipettizunk, hozzdadunk 100 mikro-
liter 50 mM foszfat puffert, (pH 7,4) és 57 MBq radio-
aktivitisi hordozémentes Na'23] oldatot (MTA Izotép-
kutaté Intézete terméke). Az elegyet Gsszerdzzuk, majd
szulfit oldatot el6re felszivunk a reakcié leallitisahoz.
Az clegyhez ezutin hozzipipettizunk 25 mikroliter
az elegyet Osszerizzuk, és pontosan 60 maisodperc
mualva az elre clkészitett nitrium-metabiszulfit oldat
hozziadaséval a reakciét befagyasztjuk. ‘

Az elegyet ezutin oszlopkromatografids médszer-
rel vilasztjuk el, a kdvetkezGképpen:

Scphadex LH-20 (Pharmacia, Svéd gyirtmany)
gélt desztillalt vizben 24 6rat duzzasztunk, majd
20x1 cm méretd, alul elvezetd, feliil bevezetd csGvel
ellatott fGivegesGbe toltjiik, alkalmas oldészeradagolé
perisztaltikus pumpival (LKB, Svéd gyirtmény) Gsz-
szekapcsoljuk, mintegy 10 percig egyensiilyba hozzuk
0,2 mdlos citromsavval (pH 4,0) mintegy 0,5 ml/perc
dramlasi scbességgel. Az igy elGkészitett hordozora a
reakcidelegyet felvissziik, és az elicidt az el6z6 oldo-
szerrel folytatjuk. Az eluens radioaktivitdsit folyama-
tosan detektiljuk oly médon, hogy az oszlop elvezetd
csovét Slommal drnyékolt NaI(T1) szcintilliciés kris-
tily (Gamma gyirtmainy) el6tt vezetjiik el, a kristalyt
pedig szdmlal6 berendezéssel (Gamma gyartminy) és
vonalirbval (Gamma gyartmény) kotjiik dssze. Az
effluenst mérShengerbe gyiijtjiik, az el6z6 eluensbdl
50-100 mi-t alkalmazunk, majd 1 mélos citromsav
(pH 4) és etil-alkohol 4 : 1 ardnyu elegyével gytijtjik a
Kivint terméket a dctektdlé késziilékben megjelend
cstics szerint. A radioimmun meghatirozishoz a csiics
kozcpének megfclelé mintegy 5 ml-es frakciot valaszt-
juk kiilon. Ennek radioaktivitasa 13,8 MBq, ami 24,2%
radioaktiv hozamnak fclel meg. A hozam termé-
szetesen az elérhetdnél lényegesen alacsonyabb, mivel
a terméknck csak cgy rész keriil gydjtésre.

3. példa

dioimmun meghatérozésdra nyil vénds vérébol

A meghatirozishoz elGbb plazmamintikat gyij-
tiink gy, hogy a kisérlcti allatokbél a vért miianyag
kémcsovekbe, 0,1 térfogatrész — 2% etilén-diamin- tct-
raecetsav-dindtriumsdt é&s 1 mmol indomcthacint tartal-
mazé - izoténids sdoldatra vessziik, majd azonnal
4 *C-on, 10 pereig, kb. 1000 xg gyorsulissal centrifu-
giljuk, és a tiszta plazmat kiilénvalasztjuk. A centrifu-
galds és a mintavétel kdzotti idSben a vért jeges flird6-
ben tartjuk.

A plazmamintikat czutin olddszeres extrakcionak
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vetjiik ala, a kdvetkezé modon, 1 ml plazméhoz hozzi-
adunk 100 mikroliter 2 mélos citromsav oldatot, majd
az elegyet injekciés fecskendGbe pipettizzuk, és at-
nyomjuk a fecskenddre helyezett tn. , forditott fazisi”
szilikagélt tartalmazd mlanyag patronon (Amprep C,,
Amersham, Anglia gyirtmany), amelyet el6zdleg a
gyarté cég haszndlati utasitdsa szerint elGkészitettiink.
A tolteten ezutén dtnyomunk 5 ml desztillalt vizet, 5 ml
10%-os etilalkoholt és S ml n-hex4nt. Ezeket a folyadé-
kokat eléntjiik, majd a patronon 5 ml etil-acetétot nyo-
munk &t, amelyet mianyag kémcsébe gyiijtiink. Az
oldészert nitrogén gaziramban szobahémérsékleten
bepéroljuk, a maradékot pedig RIA pufferben oldjuk.

7,5 ng/m! koncentriciéji 9a,11p—PGF, térzsoldat-
bol higitasi sorozatot készitiink ugy, hogy 1-1 ml térfo-
gatd mintikat kapjunk, melyek hatéanyag-koncentrici-
Gja 6-19-56-167-500 pg/ml. Sorszdmozott miianyag
kémcsdvekbe automata pipettaval a standard €s a minta
oldatokbél 100-100 mikrolitert bemériink, majd hoz-
ziadunk 100 mikroliter 1261-9a,11p—PGF,~TME tra-
cert, amelynek radioaktivitasa 30 000-40 000 cpm/100
mikroliter, és 100 mikroliter specifikus antiszérumot
olyan higitasban, amely a tracer 30-60%-4t képes meg-
kotni. A nem-specifikus kdtédés (NSB) meghataroza-
sira tovabbi kémcsdvekbe a tracerhez csak tiszta
pufferoldatot tesziink, mig a specifikus kotés (B,/T) és
a teljes radioaktivitids meghatirozasara a standard olda-
tok helyett is tiszta pufferoldatot adunk az antitesthez.
A térfogat valamennyi kémcsGben a mivelet végén
0,4 ml lesz. A tracer és az antitest oldisidhoz, valamint
a térfogatkiegészitéshez sziikséges pufferként 50 mM
koncentraciéji, 7,4 pH-ju, 0,1% zselatint tartalmazé
foszfat puffert hasznilunk.

A kémcsovek tartalmat néhiany masodpercig kever-
tetjiilk, majd lezarjuk, és hitGszckrényben 4 *C koriili
hémérsékleten egy éjszakan 4t allni hagyjuk. Ezutin a
TC csdvek kivételével minden kémcsGbe folyamatos
keverés kézben 2-3 perc alatt bepipettazunk 0,5 ml —
0,5% Dextran T~70-et (Pharmacia, Svédorszig) és 1%
csontszenet (Norit-A, Serva, NSZK) tartalmazé - 0,01
mélos, 7,4 pH-ju foszfat puffer szuszpenziot, a TC cso-
vekbe pedig azonos térfogatit RIA puffert. A csoveket
az elGbbiek szerint kevertetjiik, majd 0 "C-on, 10 per-
cig, 2000 xg gyorsulassal centrifugiljuk, és a feliil-
uszokbol alkalmas mérdesévekbe 0,5-0,5 ml-t pipetta-
zunk, majd mérjiik ezek radioaktivitasat Nal(T1) szcin-
tillaciés kristallyal ellitott automatikus mintaviltd be-
rendezésben (pl.: Minigamma, LKB, Svédorszig
gyartmény). A szimitast a radioimmun meghatirozi-
sokban szokdsos médon végezziik.

A fentickbSl a szakember felmérheti a taldlmany
clénycit a technika allisihoz képest. Az elGnyokbd!
kiemeljiik:

A talilmany szerinti eljirds segitségével elkeriilhe-
16 a triciummal jelzett 9a,113-PGF, elGallitisdéhoz
sziikséges soklépéscs szintézissor alkalmazdsa, che-
lyett kedvezd feltételek kozitt eldallithatunk olyan ra-
dioligandumot, nevezctesen az (I) képletd 1%~
9a, 1 13-PGF,~TME sziarmazc¢kot, amelynck cgy mola-
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nak az eddig hasznailt triciummal jelzett tracerhez keé-
pest mintegy tizszer érzékenyebb radioimmunoldgiai
meghatirozasat.

A nagyobb érzékenység eredménycképpen kisebb
térfogati biolgiai minta elegend6 a meghatarozishoz,
és ez nemcsak gazdasagos, de clvileg is elGnyds a
minél jobb specificitds elérése szempontjabol.

Az alkalmazolt adszorpcids oszlopkromatografias
elvilasztistechnika biztositja a jodjelzett célterméknek
a kiindulasi anyagtél vald tokéletes elvalasztasat, és
eziltal a céltermck fajlagos aktivitisa nem csokken a

" tisztitis sordn.

Az alkalmazott elvalasztistechnika fontos gyakor-
lati elonye, hogy a radiojodos jelzés sordn nagyobb
aktivitds-mennyiségeknél is biztositja a nyitott radio-
izotopokkal végzett miiveletekre elirt sugirvédelmet
¢és minimalisra csokkcenti a radioaktiv inkorporacié ve-
szélyét.

Mindezek alapjan a talilmény szerinti 4j, jod—125
izotdppal jelzett radioligand alkalmazisa olyan uj
9a,11B~PGF, radioimmunoassay megvaldsitisat teszi
lehet6vé, amely mikdzben megdrzi a triciummal jelzett
tracert alkalmaz6 assay specificitasat, egyuttal jelentG-
sen ndveli annak érzékenységét is. A taldlmany gyor-
sabbd és olcsobba vilik, és jelentsen csokkenthetd a
méréshez szilkséges antiszérum mennyisége is.

SZABADALMI IGENYPONTOK

1. Eljards bioldgiai szévetminta 9o, 1 13—-PGF, tar-
talmanak radioimmunoldgiai reakcion alapulé megha-. -
tdrozdsira ismert mennyiségl, higitdsi sorozat szerint
kiilénbdz6 koncentriciéju 9a,11B-PGF, és a biologiai
szdvetminta jelenlétében, amelynek soran megmérjik
nagy fajlagos aktivitdsi radioaktiv nyomjelzd vegyii-
letnek (tovabbiakban tracer) specifikus antitesttel vald
kotodését, és az ismert mennyiségi 9o, 11p-PGF, higi-
tdsi sorozat iltal okozott k6tésvaltozis alapjan szamit-
juk a mindenkori szévetminta hatéanyagtartalmit, az-
zal jellemezve, hogy tracerként 4j tipust, (I) képletd
1351_9q1, 1 IB-PGF,-monojédtirozin-metilészter  szdr-
mazékot alkalmazunk.

2. Az . igénypont szerinti eljiras, azzal jellemez-
ve, hogy hiromezer és szazezer, elénybsen harminc-
ezer és Stvenezer cpm beiitésszdmu tracert alkalma-
zunk.

3. Az |. vagy 2. igénypont szerinti eljirds, az-
zal jellemezve, hogy antitestként nyiilban, el6nydsen
szarvasmarha-szérumalbuminhoz kététt 9a.,118-PGF,
mint immunogén anyag ellen keletkezett, anti-9ct, 118~
PGF, antiplazmait haszndfunk, olyan higitisban, amely
a standard 9a.,11B-PGF,-t ncm tartalmazé mintiban a
tracer 25-70, elénydsen 40-60%-it képes megkdtni.

4. Az 1-3. igénypont birmclyike szerinti ¢ljaras,

=zal jellemezve, hogy puffcroldatként elényésen zse-
latint tartalmazé foszfat puffert alkalmazunk, melynek
pH-ja 6-9, clénydsen 7,0-7,5; koncentricidja 0,01-0,2
mol/l, cldnydscn 0,05-0,1 moél1 kozotti.

5. Az 1-4. igénypontok barmclyike szerinti eljards,
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azzal jellemezve, hogy reakciéidének egy és Gtven,
¢lonydsen tizendt és huszonnégy 6ra kozotti idGtarta-
mot, reakcidhmérsékletnek pedig nulla és negyven
Celsius-fok kdzotti homérsékletet alkalmazunk.

6. Eljérs (T) képletii ¥1-9a,118-PGF,~-TME el6-
allitdsédra, azzal jellemezve, hogy (II) képletd 9c,118—
PGFz-TME-t pufferolt kozegben jodid ionokbél elekt-
rofil jédot képezG reagens, elGnydsen para-toluol-szul-
fokléramin-nitriumsé jelenlétében Na'®[-dal reagil-
tatjuk.

5

7. A6. igénypont szerinti eljaras, azzal jellemezve,
hogy az (1) képletii terméket a (II) képletd 9oc,11p—
PGF,~TME-61 a fajlagos aktivitds csGkkenése nélkiil,
kromatografiis mddszerrel vélasztjuk el.

8. A6.vagy 7. igénypont szerinti eljaras, azzal jel-
lemezve, hogy az (I) képletii célvegyiilet elGallitasdhoz
9a.,11B—PGF,, tirozin-metilészter és 1-etil-3-(3'-dime-
til-aminopropil)-karbodiimid-hidroklorid vizes tetra-
hidrofurdnban t5rténé reagiltatisival elGallitott (II)

10 képletii reakcidtermékb6l indulunk ki.
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F-9 Figgelék

Mucha I: Eljaras 9-deoxi-89,12-13,14-dihidro-prosztaglandin D2
(Deltal2-PGJ2) tartalom radioimmunolégiai meghatarozéaséra és
az ehhez alkalmazott j6d-125 izot6ppal jelzett radioligandum
elgallitdsara. Hung. Pat. 208746, 1994 janius 14, bejelentés 1991
szeptember 18.
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A talilminy tirgya eljérds bioldgiai mintik §'2-PGJ,
koncentrici6janak radioimmunolégiai meghatirozasé-
ra, melynek sordn megmérjiik jéd-125 izotéppal jel-
zett, nagy fajlagos aktivitdst §'2-PGJ, szirmazék, mint
nyomjelzd anyag (tovibbiakban: radioligandum vagy
tracer) specifikus antitesthez valé kotGdését ismert
mennyiségfl, kiilonbozd koncentriciéji standard 5'>-
PGJ, oldatok és a meghatirozandé mintak jelenlété-
ben, majd a standardokhoz tartozé kétésvéltozasok is-
meretében a mintikhoz tartozd kotésvaltozasokbé! ki-
szimitjuk azok hatéanyagtartalmat.

A taldlminy szerint ebben az immunokémiai reak-
cidban tracerként olyan, egyes prosztaglandin tipusok-
ra mér korabban sikerrel alkalmazott radioligandokkal
analég szerkezeti szarmazékot hasznilunk, amely a
taldlmény targyit képez6 prosztaglandin tipusra még
nem ismert. '

A talilmany targya tovabba ezen ij szerkezetii ra-
dioligand el6allitasara szolgald eljaras.

Ismert, hogy a prosztaglandin D, (PGD,) részben
kémiai, részben enzimatikus dton vizvesziéssel olyan
ciklopentenon szerkezetli szirmazékokki alakul &t,
amelyek kozds tulajdonsiga, hogy a daganatos sejtek

ndvekedését erdsen gatoljak, azaz citosztatikus hatasa-

ak (Cancer Research 46:3538, 1986; Cancer Chemo-
therapy: Challenges for the Future. Vol. 2, Excerpta
Medica, Tokyo, 1987, 91-98. oldal). Ezen vegyiilet-
csoport egyik fontos képviselGje a 9-deoxi-5*12-13,14-
dihidro-PGD,, mis néven 5'>~PGJ,, amely a PGD,-bd!
keletkezik szérumfehérjék hatasira (J. Biol. Chem.
258:11713, 1983; Proc. Natl. Acad. Sci. USA 81:1317,
1984). Szdveti koncentricidja igen alacsony, egyrészt
azért, mert az endogén PGD,-nek csak igen kis hanya-
da alakul 4t §'2-PGIJ,-vé (J. Biol. Chem. 263:16619,
1988), masrészt azért is, mert a keletkezett 5!%~PGJ,-t
a sejtmag megkoti, igy a testfolyadékokba csak kis
hinyada keriil (Adv. Prosta. Thromb. Leuk. Res.
Vol. 17, Raven Press, New York, 1987, 972-975. ol-
dal). Mindezek miatt megfelelé pontossdglt mérése
csak igen érzékeny modszer alkalmazisival lehetsé-
ges.

Kis koncentricidju bioaktiv anyagok gyors, olcs6,
kell6 érzékenységii és megfeleld pontossigh meghata-
rozasara leggyakrabban antigén—antitest kotésen alapu-
16 immunokémiai médszereket hasznilnak, amelyek-
nek leginkabb elterjedt valtozata a radioimmunoassay
(RIA). Az eljards lényegében radioizotépos nyomjel-
zés, amelynek kulcsreagense a mérendd molekula kel-
16en magas fajlagos aktivitdsi radioizotdppal jelzett
forméja (tracer). Valamennyi gyakorlati kovetelményt
figyelembe véve a radioimmun meghatdrozésokhoz két
radioizotép jon szdmitisba, az egyik a hidrogén béta-
sugirz6 izotdpja, a tricium, a masik a 125-0s tomegsza-
mu, gamma-sugarzé jédizotop.

A §-PGJ, radioimmun meghatirozasira alkalmas
RIA-készlet kereskedelmi forgalomban nem kaphato,
és a szakirodalombél is csupin egy olyan kdzlemény
ismeretes, amelyben tracerként triciummal jelzett §'>-
PGJ,-t alkalmaztak (Eicosanoids 1:111, 1988).

A triciummal jelzett tracer clonye, hogy az izotdp
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viszonylag hosszi felezési ideje alapjdn (12 év) a tra-
cer gyakorlatilag stabilnak tekinthetd, igy az ezen ala-
puld RIA-k pontossiga, reprodukalhatosaga altalaban
igen jo. Az elérhet fajlagos aktivitds (prosztanoidok
esetében elméletileg nagyobb mint 200 Ci/mmol) 4lta-
ldban megfeleld érzékenységet biztosit. Hatranya azon-
ban, hogy a tracer el6allitisa egyedi, soklépéses kémiai
— radiokémiai szintézist igényel, €s a tricium mérése
koltséges és munkaigényes.

Szdmos kismolekuliji bioaktiv anyag, igy a prosz-
taglandinok esetében is, a triciummal jelzett tracer he-
lyett sikerrel alkalmaznak olyan radioligandumokat,
amelyek az alapmolekulahoz kétott funkciés csoporton
j6d-125 izotdpot tartalmaznak. (Eur. J. Clin. Invest.
5:311, 1975; Biochim. Biophys. Acta 431:139, 1976;
Anal. Biochem. 87:343, 1978; Prosta. Med. 4:399,
1980; Prostaglandins 16:277, 1978; Adv. Prsota.
Thromb. Res. 6:167, 1980; Izotdptechnika 22:190,
1979; J. Chromatography 189:433, 1980; Mucha Ist-
van: Kandidatusi értekezés 1985.)

A jod-125-tel jelzett tracer alkalmazisinak nagy
elénye, hogy nem magit az alapmolekulat kell jelzett
forméban el6éllitani, hanem egy mindossze kétlépéses
egyszerii szintézissel jutunk a tracerhez. Tovabbi 1¢-
nyeges elony, hogy az igy nyert tracer fajlagos aktivita-
sa a triciummal jelzelt tracerének akir tizszerese is
lehet, és eziltal a meghatirozis érzékenysége jelents-
sen ndvelhetd. A jod—125 izotdp alkalmazasa ugyanak-
kor gazdasigos is, mivel méréstechnikdja gyorsabb,
egyszerlibb, és olcsobb, és a radioimmun’ meghatéro-
zishoz sziikséges specifikus antitest igénye is 1ényege-
sen kevesebb. z

A jod-125 izotoppal jclzett tracer felhasznalasinak
gyakorlati hitrdnya, hogy az izotép felezési ideje r3-
vid, és a vele vald miiveletek sugirveszélye nagyobb a
triciuménal.

A teljesség kedvécrt meg keli emliteni, hogy a radio-
izotopokra épiild RIA mddszer szimos esetben eredmé-
nyesen helyettesithetd nem-radioizotopos eljérassal is.
Ennek egyik véltozatiban, az enzim-immunoassay-ben,
a radioaktiv tracer helyctt enzimekkel jeld1t molekulikat
alkalmaznak. A §'%-PGJ, esetében ugyanaz a munkacso-
port, amely a triciummal jelzett traceren alapulé RIA-t
kidolgozta, ilyen, cnzim-immuno-assay-t is kifejlesztett
(J. Biol. Chem. 263:16619, 1988). Ennek segitségével a
triciumos médszerhez képest jelentds érzékenységnove-
kedést értek el; igy pl. az 50%-o0s kotés-gatlishoz tartozd
koncentrici6, az in. ICs érték a triciumos RIA esetében
150 pikogram, mig az enzimes médszernél 20 pikogram
volt.

A taldlmdny szerinti eljrds kidolgozisihoz fontos
kiinduldpont volt, hogy az enzimes médszerrel kapott
fenti érzékenység tapasztalatunk szerint — mint azt sza-
mos, eddig kidolgozott RIA médszeriink bizonyitja —~a
j6d—125 izotdp alkalmazésaval is tobbnyire nehézség
nélkiil elérhetd, s6t megfeleld feltételek mellett jelents-
sen novelhet is.

Mindezekre figyelemmel a talilmany célja olyan
RIA eljérds kidolgozisa, mellyel a §'>-PGJ, koncent-
riciéja egyszerlicn, pontosan és az ismert cljarasnal
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nagyobb érzékenységgel hatirozhaté meg hagyomd-
nyos radioimmun médszerrel, de tricium helyett jod—
125 izotdppal jelzett tracer felhasznildsival. A taldl-
many tovéibbi célja az ehhez sziikséges 1j tipusi, a
szakirodalomban nem ismert, j6d-125 izotoppal jel-
zett, nagy fajlagos aktivitisi 5!>-PGJ,-monoj6d-tiro-

zin-metijlészter szarmazék elGallitdsira szolgild eljaras -

kidolgozasa.

A taldlminy alapja az a felismerés, hogy egyéb
kismolekul&ji anyagokkal - igy kiilonb6z6 proszta-
glandinokkal is — analég médon, a §'2-PGJ, radioim-
mun meghatirozisa is lehetséges j6d-125 izotép fel-
hasznalasaval, ha az alapmolekulahoz tirozin-metilész-
ter csoportot kapcsolunk és ezt mint prosztetikus cso-
portot jod—125 izotoppal szelektiven jeldljiik. Az elja-
ras feltétele, hogy rendelkezziink a médszerhez sziiksé-
ges alkalmas titerdi, a §!'>-PGJ,-re és annak jod—125
izotoppal jelzett szirmazékara egyardnt megfelel6 affi-
nitasn specifikus antitesttel, valamint elegendGen nagy
fajlagos aktivitast jéd—125-tel jelzett tracerrel.

A'taldlmany targya tehat biologiai mintak §'2-PGJ,
koncentracidjanak radio-immunoldgiai meghatirozisa,
mely az ismert eljirastél abban kiilonbozik, hogy trici-
ummal jelzett tracer helyett j6d-125-tel jelzett, nagy
fajlagos aktivitdsii 5 2-PGJ,-monojéd-tirozin-metilész-
tert alkalmazunk radioaktiv nyomjelz anyagként.

Ennek soran ugy jarunk el, hogy megmérjiik a tra-
cernek specifikus antitesttel valé kot5dését ismert meny-
nyiségi, kiilsnbdz6 koncentricidji standard oldatok,
valamint a mérendd mintik jelenlétében. Az igy kapott
értékekbol az ismeretlen mintak Altal okozott kotésval-
tozdsokhoz tartozé 5'>-PGJ, koncentriciokat kiszamit-
juk.

A talalminy szerint a mérést gy végezzik, hogy a
mérendd biol6giai mintakb6! a hatdanyagot megfeleld
modszerrel kivonjuk, majd a tracert, a higitasi sorozat
szerint kiilonb5z5 mennyiségii standard §'2-PGJ,-t, il-
letve a mérend6 mintékat specifikus antitesttel reagél-
tatjuk, majd az antitesthez kotott, ill. nem kotott frakci-
okat elvilasztjuk, és mérjiik a kotott tracer radioaktivi-
tisit. Az igy kapott értékekbdl az ismeretlen mintdk
éltal okozott kétésvéiltozasokhoz tartozé hatdanyag-
koncentraciokat kiszimitjuk.

Altalaban 10 000 és 60 000, eldnydsen 20 000 és
40 000 cpm kozotti beiitésszami tracert alkalmazunk,
amelyet célszeriien pufferben oldunk.

A puffer elonydsen 0,1% zselatint tartalmazé 0,01-
0,2 mélos, 7,4 pH-ja foszfat-puffer.

Az oldat konkrét dsszetételétl fiiggen az inkuba-
cios hémérséklet 0 és 40 *C kdzdtti, az inkubicid id6-
tartama 1 és 40, elonydsen 3 és 20 6ra kozott viltozik.

A specifikus antitest célszeriien magas titerii, meg-
felelden magas (10°-101° M) affinitasi egyiitthatval
rendelkez3 anti-5'2-PGJ, anti-plazma. Az antiplazmat
hordoz6-fehérjéhez koétott immunogén ellen nyulakban
termeltetjiltk. Immunogén anyagként nemcsak magit a
5'2-PGJ,-t alkalmazhatjuk, hanem célszerien PGD,-t
is. Erre az ad lchetdséget, hogy a PGD, az immunizalt
illatban nagy mértékben §'>-PGJ,-vé alakul 4t, ezért a
keletkezett antitestek gyakran jobban kétik a 5'2-PGJ,-t,
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mint magit a PGD,-t. Az antiplazmat olyan higitisban
alkalmazzuk, amely a standard 5'>-PGJ,-t nem tartal-
mazd mintaban a tracer 2080, elonydsen 40-50%-4t
képes megkotni.

A tracer kotott és szabad frakcidinak elvalasztisira
elonydsen 1% csontszén szuszpenzift hasznilunk, me-
lyet clénydsen 0,5% dextrant tartalmaz6 0,01 mélos
foszfit-pufferrel (pH 7,4) készitiink. A csontszén a sza-
bad radioligandumot megkdti, €s a centrifugéléssal ka-
pott felillisz6 tartalmazza az antitesthez kotott tracert,
melynek radioaktivitdsat szcintilliciés médszerrel
mérjik.

A taldlmény szerinti eljaras igen lényeges eldnye,
hogy alkalmaziséval nagyon alacsony kimutatasi hatar
€érhet$ el; 29 fiiggetlen mérésbol kapott statisztikai ada- -
tok alapjin a legkisebb kimutathaté dézis 0,377 pg (a
relativ szoras 36%), mig az 50%-os tracer-kiszoritds-
hoz tartozé koncentracié — az ICsg érték — 4,59 pg (a
relativ szoras 20,2%). Osszehasonlitva ezen értékeket a
kordbban emlitett szakirodalmi adatokkal, megallapit-
hat6, hogy a taldlmény szerinti eljaras alkalmazasival a
triciumos radioimmun meghatarozashoz képest tobb
mint harmincszoros, de az érzékeny enzim-immuno-
assay-hez képest is mintegy négyszeres érzékenység-
novekedés érhet6 el.

A minél nagyobb érzékenység elméleti és gyakorla-
ti szempontbél egyarant kulcsfontossigii, mert az érzé-
kenység novekedésénck arinyiban csokkenthetd a
meghatarozishoz sziikséges mintatérfogat is. Ez a §'%- .
PGJ, esetében azért kiilondsen is fontos, mivel annak .
természetes szoveli koncentrdcidja olyan alacsony, -
hogy mads, kevésbé érzékeny médszer alkalmazisakor
talsdgosan nagy térfogati biologiai mintdra van sziik-
ség elegendd hatdanyag kinyeréséhez. Ez nemcsak a
meghatirozas koltségeit ndveli jelentSsen, hanem kor-
latozza szidmos olyan szdvettipus kisérleti felhasznala-
sit, amelyek a kivint térfogatban nem is gyiijthetok
ossze (pl. kisméretii laboratoriumi allatok vérmintai.
stb.). A nagy mintatérfogat elvi hatrinya, hogy a na-
gyobb térfogattal egyiitt nemcsak a mérendd hatd-
anyag, hanem a szennyezd anyagok mennyisége is
aranyosan novekszik, és ezaltal romlik a meghatirozis
specificitisa. Ennek kikiiszobolése tovabbi tisztitasi
miiveletek alkalmazisit igényelheti, és ez Gjabb jelen-

-6s tobbletkdltséggel és munka-raforditissal jirhat. A

taldlminy szerinti eljards alkalmazdsival mindezen
hatrinyok a lehetséges minimumra csdkkenthetSk.

A taldlmény tirgya tovabba eljaras a radioimmun
meghatirozishoz sziikséges (I) képletii, nagy fajlagos
aktivitisa, jod—125 izotoppal jelzett §'2-PGJ,-j6dtiro-
zin-metilészter (5'>-PGJ,~TME-1%]) el5allitasira.

A taldlmény szerint az (I) képleti radioligandot ugy
allitjuk el5, hogy a (I) képletii 5'2-PGJ,~TME szér-
mazékot elonybsen nagy fajlagos aktivitasa, (kb.
2000 Ci/mmol; 74 TBq/mmol) Na'?’I-dal reagaltatjuk
célszeriicn kléramin-T (para-toluol-szulfokléramin-
nitriumsd) reagens jclenlétében pufferolt kdzegben

" (elénydsen 7 folotti pH értéken) rovid (10-200 masod-

perc), clénydsen 30-60 masodperc reakcididdvel, ugy,
hogy a (II) képleti 8'2-PGJ,~-TME szirmazékot a
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Na'ZJ-hoz képest 20-200, elonydsen 30-50-szeres
moélarinyban alkalmazzuk, és a reakcifid6t igy szaba-
lyozzuk, hogy megfeleld idSpontban a rendszerben
kléramin-T hatisara képz6d5 reakcioképes oxidalt jo-
dot nétrium-metabiszulfit hozziadasaval jodid ionnd
redukéljuk. Az (I) képletii célvegyiilet szintéziséhez
célszeriien foszfit puffert alkalmazunk, a (II) képleti
anyagot célszerien etilalkoholos oldatban adjuk a re-
akci6elegyhez oly médon, hogy az etanol végkoncent-
raci6ja a 20%-ot ne haladja meg. Az (I) képletii célve-
gyiilet elGallitisanak legfontosabb lépése az elGallitani
kivant monojod-szirmazék elvilasztisa az egyéb jod-
jelzett szdrmazékoktol, valamint a reakcié befejezodé-
se utdn a nagy kiinduldsi mélfelesleg miatt még mindig
nagy feleslegben 1év6 (II) képletii kiindulasi anyagtdl.
Erre a taldlmény szerint célszeriien oszlop-kromatogra-
fiat alkalmazunk, melyet ugy végzink, hogy a reakci-
elegyet Sephadex LH-20 oszlopra felvissziik, és no-
vekvd etanol koncentrici6ji etanol: nitrium-citrat pH
4,0) kétkomponensii oldészereleggyel eludljuk a kii-
16nbbz8 jodjelzett szdrmazékokat, mikdzben az efflu-
ens radioaktivitisit folyamatosan mérjiik, és az ezzel
ardnyos jelet regisztral6 késziilékkel rogzitjiik.

A talalmany szerint célszeriien a kdvetkezd oldd-
szereket alkalmazzuk: tiszta citrdt puffer (0,2 mélos,
pH 4,0), majd 1 mélos citrat (pH 4,0) és etanol 4:1, és
3:1 ardnyu elegye, ahol a tiszta végterméket az utdbbi
frakci6ban kapjuk meg. Az old6szerek sziikséges térfo-
gata az aktuélis, és az elvdlasztas kdzben folyamatosan
regisztralt eliicios profil és a képz3ditt jelzett vegyiile-
tek Osszetételének (aranyédnak) fiiggvénye, altaliban az
elso eluensbdl 50-100 ml-t, a masodikbél 30-60 mi-t,
a harmadikb6l 15-25 ml-t alkalmazunk.

Kiilén elénye a talilmany szerinti eljirasnak, hogy
az alkalmazott apoliros dextrin gélen a jodjelzett szar-
mazékok adszorbcids készsége jelentGsen meghaladja
a kiindulasi (II) képletd inaktiv anyagét, ily modon az
(I) képletii célvegyiilet — amelyet még hatisos jodbe-

épiilés mellett is jelentSs mennyiségi (II) képletii kiin-

dulasi anyag szennyez — teljes biztonsaggal vélaszthatd
el, és ezzel a taldlmany szerinti radioimmun meghata-
rozashoz szilkséges magas fajlagos aktivitds bizto-
sithato. -

A (I1) képletii vegyiiletet a (III) képletii §12-PGJ, és
tirozin-metilészter reakcijaval allitjuk elé oly médon,
hogy a §'2-PGJ,-t 1-5, el6nyésen 2-3 mélarinyu tiro-
zin-metilészterrel reagéltatjuk, 1-5, elonyosen 2-3
molardnytt 1-etil-3-(3' -dimetil-aminopropil)-karbodi-
imid-hidroklorid reagens jelenlétében, célszeriien vizes
tetrahidrofurdnban, 0-50 "C-on, elGnydsen szobahG-
mérsékleten, 3-40, elGnydsen 20-24 éra idGtartamig.
Az oldészert vikuum-desztilliciéval eltavolitjuk, a
maradékot célszeriien etil-acetitban oldjuk, majd az
etil-acetatos oldatbdl hig savas extrakciéval, célszeri-
en 0,1 n sésavval kimossuk a valtozatlan tirozin-metil-
észtert, hig lugos, célszeriien 0,1 n NaOH-os extrakcio-
val pedig az el nem reagait (III) képletii vegyiiletet.

A terméket célszeriien vékonyréteg-kromatografids
tton tisztitjuk, célszeriien olyan szilikagél rétegen,
amely fluoreszcens indikatort tartalmaz, a kifejleszto
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olddszerelegy pedig célszeriien kloroform : metanol :
viz 120:10:10: 1 térfogatarinyu elegye. A terméket
254 nm-es IV-fénnyel megviligitva mutatjuk ki.

A taldlményt a tovibbiakban részletesebben példak
keretében magyarézzuk, amelyekre a taldlmany termé-
szetesen nem korldtozddik.

1. példa

A jédjelzéshez hasznalt (1I) képletd koztitermék elé-

dllitdsa

1 mg (2,97 mikromél) (I1I) képletii 5!'2-PGJ,-t és
1,66 mg (9,3 mikromél) 1-etil-3-(3'-dimetil-amino-
propil)-karbodiimid-hidroklorid-ot és 2,1 mg (11
mikrom6{) tirozin-metilésztert egyszerre bemériink,
hozzaadunk 100 mikroliter desztillalt tetrahidrofurant
és 20 mikroliter desztilldlt vizet. Az elegyet szobah6-
fokon 24 éran kevertetjiik, majd az olddszert csdk-
kentett nyomason ledesztillaljuk, a maradékot 30 ml
etil-acetitban feloldjuk, és razétolcsérbe ontjiik. Ezt
az oldatot sorrendben 3x2 ml 0,1 n sésavval, 3x2 ml
vizzel, 3x2 ml 0,1 n nitrium-hidroxiddal és 3x3 ml
vizzel Osszerdzzuk. Minden bsszerdzds utin a vizes
fazist elvélasztjuk €s elontjiik. Az utolsé mosas utin
az etil-acetitos oldatot forgdbepidrlé késziiléken (Bi-
chi, Svéjci gydrtminy) vakuumban bepiroljuk. A ma-
radék fehér, kristilyos anyagot 100 mikroliter etil-al-
koholban oldjuk, majd 0,25x200x 100 mm méreti Ki-
eselgel 60 F 254 (Merck, NSZK gyartmany) szilika-
gél rétegre 3 cm-es sivban felvissziik, és kloroform :
metanol : viz 120: 10 : 1 térfogatarianyi elegybe he-
lyezve a kromatogrammot kifejlesztjiik. Kifejlesztés
utin a réteget hideg levegével széritjuk, majd 254 nm
hulldmhosszii ultraibolya fénnyel megvilagitva a fol-
tokat lathatova tessziik. A 0,356 Rf értéki folt helyén
a réteget Ickaparjuk, 10 mi etil-alkoholt tesziink rd, és
1 dra varakozas utin iivegsziirén szirjilk. A sziirén
Iévé gélt 2x5 ml etil-alkohollal mossuk, az alkoholos
oldatokat egyesitjiik, forgbbeparlon szirazra parol-
juk, és mérjiik a termék salyat, majd etil-alkoholial
torzsoldatot készitiink beldle.

A kapott (II) képletil termék témege a kromatogra-
fias tisztitds utan 198 mikrogram, ami 13% kitermelés-
nek felel meg.

2. példa

Az (1) képletid céltermék elédllitdsa

Az 1. példa szerint kapott §'>-PGJ,-TME szirma-
zék 100 mikrogram/ml koncentréicidji etanolos oldata-
b6l 30 mikrolitert (6,5 nmol) 1 ml-es talpas Eppendorf
csGbe pipettizunk, hozzdadunk 100 mikroliter 50 mM
foszfat puffert, (pH 7,4) és 57 MBq radioaktivitasi
hordozémentes Na'?] oldatot (MTA Izotopkutato Inté-
zete terméke). Az elegyet §sszerizzuk, majd 50 mikro-
datot elére felszivunk a reakci6 ledllitisdhoz. Az elegy-
hez ezutin hozzipipettizunk 25 mikroliter 4,8 mg/ml
koncentriciéja kloramin-T reagens oldatot, az elegyet
Osszerdzzuk, €s pontosan 60 méasodperc mulva az elére
elkészitett natrium-metabiszulfit oldat hozzdadasival a
reakciot befagyasztjuk.
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Az elegyet ezutn oszlopkromatogrifidss modszer-
rel vélasztjuk el, a kdvetkezGképpen:

Sephadex LH-20 (Pharmacia, Svéd gyartmany)
gélt desztilldlt vizben 24 6rit duzzasztunk, majd
20x1 cm méreti, alul elvezets, feliil bevezetd csGvel
ellatott iivegcsGbe toltjiik, alkalmas oldészeradagold
perisztaltikus pumpaval (LKB, Svéd gyirtminy) &sz-
szekapcsoljuk, mintegy 10 percig egyensiilyba hozzuk
0,2 moélos citromsavval (pH 4,0) mintegy 0,5 ml/perc
aramlasi sebességgel. Az igy elGkészitett hordozéra a
reakcidelegyet felvissziik, és az eliciét az el5z6 oldé-
szerrel kezdjiik, majd 1 mélos citromsav (pH 4) és
etil-alkohol 4 : 1 ardny elegyével folytatjuk, végiil 3 :
2 ardnyu eleggyel gyfijtjiik a kivant terméket a detekti-
16 késziilékben megjelend csiics szerint. Az eluens ra-
dioaktivitasit folyamatosan detektiljuk oly mddon,
hogy az oszlop elvezet6 csovét 6lommal dmyékolt
Nal(T1) szcintilliciés kristily (Gamma gyartmaény)
elGtt vezetjiik el, a kristalyt pedig szamlalé berendezés-
sel (Gamma gyartmdiny) és vonaliréval (Gamma gyart-
many) kotjiikk ssze. Az egyes effluenseket mérGhen-
gerbe gyiijtjiik, az elsG eluensébsl 50-100 ml-t, a ma-
sodikbol 3060 ml-t alkalmazunk, mig a kivant termé-
ket Gsszesen 15-26 ml elegyben oldjuk le, de a radio-
immun meghatarozishoz csak a csiics kozepének meg-
feleld mintegy 5 ml-es frakciot hasznaljuk fel. Ennek
radioaktivitasa 13,8 MBq, ami 24,2% radioaktiv ho-
zamnak felel meg. A hozam természetesen az elérhet6-
nél lényegesen alacsonyabb, mivel a terméknek csak
egy része kerill gyiijtésre.

3. példa

Emberi vizelet §'2~PG.J, koncentrdcidjénak radio-

immun meghatdrozésa nyil vénds vérébél

A meghatarozishoz az alanyokbdl 24 orén 4t gyiijtjiik
a vizeletet, amelyet a gyijtés befejeztéig hiitdszekrény-
ben tartunk. A vizelet térfogatit megmérjiik, majd 10 ml
mintit vesziink bel6le, amelyet 2 mélos citromsav oldat-
tal pH 3-ra megsavanyitunk. Ezutin az oldatot injekciés
fecskendGbe pipettazuk, és atnyomjuk a fecskendGre he-
lyezett un. , forditott fazisa” szilikagélt tartalmazé mii-
anyag patronon {Amprep C,, Amersham, Anglia gyart-
mény), amelyet el6zdleg a gyartd cég hasznélati utasitisa
szerint el5készitettiink. A tblteten ezutin dtnyomunk 5 ml
desztillalt vizet, 5 ml 10%-os etilalkoholt és 5 ml n-he-
xant. Ezeket a folyadékokat elontjiik, majd a patronon
5 ml hexan: etiléter 3: 7 térfogatarinyl elegyet nyo-
munk at, amelyet mianyag kémcs6be gyiijtiink. Az old6-
szert nitrogén gézdramban szobah6mérsékleten bepirol-
juk, a maradékot pedig RIA pufferben oldjuk.

7,5 ng/ml koncentriciéji 5'2-PGJ, térzsoldatbél
higitasi sorozatot készitiink Ggy, hogy 1-1 ml térfogatu
mintakat kapjunk, melyek hatdanyag-koncentricidja
6-19-56-167-500 pg/ml. Sorszamozott miianyag
kémcsovekbe automata pipettival a standard és a minta
oldatokb6l 100~100 mikrolitert bemériink, majd hoz-
zdadunk 100 mikroliter 12[-§'2-PGJ,-TME tracert,
amelynek radioaktivitisa 30 00040 000 cpm/100
mikroliter, amcly a tracer 30-60%-4t képes megkotni.
A nem-specifikus kot6dés (NSB) meghatirozaséra to-
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vabbi kémcsovekbe a tracerhez csak tiszta pufferolda-
tot tesziink, mig a specifikus kdtés (B,/T) ¢s a teljes
radioaktivitis meghatirozisara a standard oldatok he-
Iyett is_ tiszta pufferoldatot adunk az antitesthez. A
térfogat valamennyi kémcsSben a miivelet végén
0,4 ml lesz. A tracer és az antitest olddsdhoz, valamint
a térfogatkiegészitéshez sziikséges pufferként 50 mM
koncentricioji, 7,4 pH-ju, 0,1% zselatint tartalmazé
foszfat puffert hasznlunk.

A kémcsovek tartalmédt néhiny masodpercig kever-
tetjiik, majd lezarjuk, és hitGszekrényben 4 “C koriili
hémérsékleten egy éjszakan 4t allni hagyjuk. Ezutin a
TC csévek kivételével minden kémcsSbe folyamatos
keverés kozben 2-3 perc alatt bepipettizunk 0,5 ml —
0,5% Dextran T-70-et (Pharmacia, Svédorszag) és 1%
csontszenet (Norit-A, Serva, NSZK) tartalmazé — 0,01
molos, 7,4 pH-ju foszfat puffer szuszpenziot, a TC cso-
vekbe pedig azonos térfogati RIA puffert. A csoveket
az elGbbiek szerint kevertetjiikk, majd 0 “C-on, 10 per-
cig, 2000 xg gyorsuldssal centrifugiljuk, és a feliil-
usz6kbol alkalmas mérbesdvekbe 0,5-0,5 ml-t pipetta-
zunk, majd mésjiik ezek radioaktivitisat Nal(T1) szcin-
tilliciés kristillyal ellitott automatikus mintavaltd be-
rendezésben (pl. Minigamma, LKB, Svédorszig gyart-
many). A szimitast a radioimmun meghatirozisokban
szokasos modon végezziik. A fentiekbd] a szakember
felmérheti a taldlmany elényeit a technika alldsdhoz
képest. Az elonyokbo! kiemeljiik:

A taldlmany szerinti eljiras segitségével elkeriilhe-
16 a triciummal jelzett §'2-PGJ, elGallitdsahoz sziiksé-
ges soklépéses szintézissor alkalmazisa, ehelyett ked-
vez6 feltételek kdzott elGéllithatunk olyan radioligan-
dumot, ncvezetesen az (1) képletii 125[-512-PGJ,-TME
szarmazékot, amelynek nagy moldris aktivitdsa bizto-
sitja a §'2-PGJ, koncentraciéjanak az eddig hasznilt
triciummal jelzett tracerhez képest mintegy tizszer ér-
zékenyebb radioimmunolégiai meghatarozasat.

A nagyobb érzékenység eredményeképpen kisebb
térfogatii biologiai minta elegendd a meghatdrozashoz,
és ez nemcsak gazdasigos, de elvileg is eldnyds a
minél jobb specificitds elérése szempontjabol.

Az eljaras a szakirodalombd! ismert nem-radioizo-
tépos, enzim-immunoanalitikai eljarashoz képest is
elényds, mert a radioimmun meghatirozasbol adodo
altalanos el6nybket (egyszeriiség, olcsbsig, tartésabb
reagensek stb.) iigy 6rzi meg, hogy egyiittal nagyobb
érzékenységet is biztosit.

Az alkalmazott adszorpciés oszlopkromatografids
elvalasztistechnika biztositja a jodjelzett célterméknek
a kiinduldsi anyagtél valé tokéleles elvilasztisat, és
eziltal a céltermék fajlagos aktivitisa nem cstkken a
tisztitds soran.

Az alkalmazott clvalasztistechnika fontos gyakor-
lati elénye, hogy a radiojédos jelzés sordn nagyobb
aktivitis-mennyiségeknél is biztositja a nyitott radio-
izotopokkal végzett miiveletekre el6irt sugarvédelmet,
és minimalisra csékkenti a radioaktiv inkorporacié ve-
szélyét,

Mindezek alapjin a taldlmany szerinti j, jod-125
izotéppal jelzett radioligand alkalmazisa olyan ij §'2-
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PGl radioimmunoassay megvaldsitdsit teszi lehetGvé,
amely mikdzben megdrzi a triciummal jelzett tracert
alkalmazo assay specificitasat, egyuttal jelentGsen no-
veli annak érzékenységét is. A taldlmény szerinti méd-
szer felhaszndlisival a méréstechnika is egyszer(ibbé,
gyorsabba és olcs6bba vilik, és jelentdsen csdkkenthe-
t6 a méréshez sziikséges antiszérum mennyisége is.

SZABADALMI IGENYPONTOK

1. Eljaras biolégiai szovetminta 5'2~PGJ, tartalma-
nak radioimmunolégiai reakci6n alapulé meghatiroza-
sira ismert mennyiségi, higitdsi sorozat szerint kiilon-
b6z6 koncentriciéji §!2-PGJ, és a biolégiai szovet-
minta jelenlétében, amelynek sordn megmérjiik nagy
fajlagos aktivitdsi radioaktiv nyomjelzd vegyiiletnek
(tovibbiakban tracer) specifikus antitesttel valé kdts-
dését, és az ismert mennyiségli 5!2-PGJ, higitasi soro-
zat altal okozott kitésvéltozas alapjan szamitjuk a min-
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denkori szévetminta hat6anyagtartalmit, azzal jelle- -

mezve, hogy tracerként 1 tipusu, (I) képletii 125[-512-
PGJ,-monojédtirozin-metilészter szirmazékot alkal-
mazunk.

2. Az 1. igénypont szerinti eljaras, azzal jellemez-
ve, hogy hiromezer és szizezer, elGnydsen harminc-
ezer €s Gtvenezer cpm beiitésszamu tracert alkalma-
zunk.

3. Az 1. vagy 2. igénypont szerinti eljirds, az-
zal jellemezve, hogy antitestként nyilban, eldnydsen
szarvasmarha-szérumalbuminhoz  kotétt  5'%-PGJ,,

25

30

vagy célszerien PGD, mint immunogén anyag ellen
keletkezett anti-3'>-PGJ, antiplazmat hasznélunk,
olyan higitisban, amely a standard §'>-PGJ,-t nem
tartalmazé mintiban a tracer 20-70, el6nydsen 40—
60%-it képes megkétni.

4. Az 1-3. igénypontok barmelyike szerinti eljarss,
azzal jellemezve, hogy pufferoldatként elGnydsen zse-
latint tartalmaz6 foszfit puffert alkalmazunk, melynek
pH-ja 6-9, elénydsen 7,0-7,5; koncentriciéja 0,01-
0,2 méV, elénydsen 0,05-0,1 mol/1 kdzotti.

5. Az 1-4. igénypontok barmelyike szerinti eljaras,
azzal jellemezve, hogy reakcididének egy és otven,
elonydsen tizendt és huszonnégy 6ra kozotti id6tarta-
mot, reakcidhomérsékletnek pedig nulla és negyven
Celsius-fok k6zotti homérsékletet alkalmazunk.

6. Eljiras (I) képleti '51-5'>-PGJ,~TME el6alli-
tisdra, azzal jellemezve, hogy (II) képletii §'>-PGJ-
TME-t pufferolt kozegben, jodid ionokbdl elektrofil
jodot képezd reagens, el6nydsen para-toluol-
szulfokléramin-natriumsé jelenlétében Na'®l-dal rea-
galtatjuk.

7. A 6. igénypont szerinti eljaras, azzal jellemezve,
hogy az (I) képletii terméket a (II) képletd 5!2-PGJ,~
TME-t6l a fajlagos aktivitis csokkenése nélkiil, kroma-
tografias modszerrel vilasztjuk el.

8. A 6. vagy a 7. igénypont szerinti eljiras, az-
zal jellemezve, hogy az (I) képlctit célvegyiilet elGalli-
tasahoz 8'%-PGJ,, tirozin-metilészter és 1-etil-3-(3' -di-
metil-aminopropil)-karbodiimid-hidroklorid vizes tet-
rahidrofuranban térténd reagiltatisaval el6allitott (IT)
keépletii reakciotermékbdl indulunk ki.
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In this paper we elaborate a one-step procedure for
the selective extraction of urinary 11-dehydrothrom-
boxane B, on octylsilyl silica cartridges for reliable de-
termination with radioimmunoassay. The immunoreac-
tivity profile of nonselectively extracted urine after
HPLC separation showed that as much as 70% of the
total 11-dehydrothromboxane B, immunoreactivity co-
migrates with polar interfering material. Its amount
could be considerably decreased using acetoni-
trile:water (18:82, v/v) as wash solvent before elution
of 11-dehydrothromboxane B, from the cartridge. Al-
ternatively, very high immunoreactive purity was
achieved without the preceding wash step by selective
elution of the analyte with dichloromethane:hexane
(70:30). After both optimized steps in the extraction
procedure were combined, immunoreactivity was
found only in HPLC fractions corresponding to the re-
tention volume of authentic 11-dehydrothromboxane
B,. The homogeneity of this immunoreactivity was con-
firmed by two-step HPLC separation. A significant
correlation of values was observed between samples
measured after extraction and those measured after
subsequent HPLC purification. A high correlation was
also found with concentrations determined by radioim-
munoassay using four different antisera. The values of
24 h excretion of 11l-dehydrothromboxane B, in 10
male volunteers (595 + 114 ng/g creatinine, mean +
SD) as well as the inhibitory effect of acetylsalicylic
acid (80 = 13%) closely correspond with those reported
in the literature. This selective extraction procedure
provides a high validity in radioimmunoassay without

! Part of this work was presented at the 7th International Confer-
ence on Prostaglandins and Related Compounds, Florence, Italy,
May 28-June 1, 1990.
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requiring any further purification step. © 1892 Academic

Press, Inec.

Thromboxane A, (TXA,),2 a cyclo-oxygenase product
of arachidonic acid, has a potent proaggregatory activity
on platelets and a contractile activity on wvascular
smooth muscle (1,2). It is assumed to be of functional
importance in cardiovascular diseases in man (3,4). The
short half-life of TXA, (1) has precluded its direct
quantitation in biological fluids. Therefore its produc-
tion has been monitored by measuring thromboxane B,
(TXB,), the chemically stable hydration product of
TXA,. However, urinary TXB, originates predomi-
nantly from kidney under physiological conditions (5,6)
and does not reflect the total body production of TXA,.

Two major metabolic pathways of TXB, have been
described (7): one involves 8-oxidation, which results in
2,3-dinor-TXB,, and the other involves dehydrogena-
tion of the hemiacetal group at C-11 to produce a series
of metabolites, including 11-dehydrothromboxane B,
(11-dehydro-TXB,) with a d-lactone ring structure. 11-
Dehydro-TXB, is now established as the most abun-
dant breakdown product of TXB,, and it is considered
the index metabolite of systemic TXA, production (8,9).
Since dehydrogenation at C-11 converts the thrombox-
ane ring into the §-lactone form of dicarboxylic acid,
11-dehydro-TXB, can exist in an acyclic (open) and a
closed (lactone) ring form, with different physicochemi-
cal properties. At pH near neutrality, both forms exist
in equilibrium. Lactonization is favored by low pH,

2 Abbreviations used: TXA,, thrombozxane A,; TXB,, thrombox-
ane B,; SPE, solid-phase extraction; RIA, radioimmunoassay; ASA,
acetylsalicylic acid.
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while high pH favors hydrolysis into a more polar, open-
form structure (10).

Analytical procedures based on immunoassay or gas
chromatography-mass spectrometry (GC-MS) have
been employed in the quantitation of 11-dehydro-TXB,
in biological fluids (8-17,20). The commonest method
used for the (pre)purification of prostanoids from bio-
logical fluids before quantitation is solid-phase extrac-
tion (SPE) on alkyl silica cartridges. In its original form
(18), the procedure was optimized on octadecyl silica
sorbent to achieve an efficient group separation of pros-
tanoids, but it was not recommended as a substitute for
a subsequent chromatographic purification to isolate a
particular analyte. However, as suggested by Powell
(18), the specificity of SPE for certain prostanoids can
be increased by using a more selective elution sequence.
This has not been utilized in the case of 11-dehydro-
TXB,. Nonselective SPE with only slight modifications
of the original procedure, followed by one or more chro-
matographic steps, has been used before quantitation of
11-dehydro-TXB, by either GC-MS or immunoassay
(8,9,12,13,15,17). Such multistep purifications are time-
consuming and often result in a considerable loss of
sample yield. As an alternative to alkyl silica sorbent
Lorenz et al. (14) reported the use of phenylboronate
columns for the extraction of urinary 11-dehydro-
TXB,, without the need of other chromatographic steps
prior to GC-MS.

In the present study we elaborated a one-step SPE
procedure for the extraction of urinary 11-dehydro-
TXB, on octyl silica cartridges. This method provides
good recovery and high immunoreactive purity of the
urinary 11-dehydro-TXB, extract without the require-
ment of any additional chromatographic step(s) prior to
radioimmunoassay (RIA).

EXPERIMENTAL
Materials

Nonlabeled prostanoids were obtained from Cayman
Chemical Co. (Ann Arbor, MI). 11-[*H]Dehydro-TXB,
(6.47 TBq/mmol) was purchased from Amersham Inter-
national (Amersham, Buckinghamshire, England).

HPLC-grade solvents were from J. T. Baker Chemi-
cals B. V. (Deventer, Holland). Amprep C; (100 mg of
sorbent) silica cartridges were from Amersham Interna-
tional and Sep-Pak C,; (400 mg of sorbent) silica car-
tridges from Waters Associates (Milford, MA).

Antisera

Antisera Al and AII for 11-dehydro-TXB, were pre-
pared as described previously (19). Antiserum AIIl was
obtained from 11-dehydro-TXB, assay kit of DuPont
(Boston, MA), and antiserum AIV was a generous gift
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from Dr. Carlo Patrono (Catholic University, Rome,
Italy).

Sample Collection

Twenty-four-hour urine was collected from 10
healthy male volunteers who had abstained from any
drug intake during the preceding 2 weeks. An additional
10 24-h urine samples were received from the same vol-
unteers after a 3-day acetylsalicylic acid (ASA) treat-
ment (0.5 g/day). Aliquots from urine were frozen and
stored at —20°C until extraction. Pooled normal and
ASA urines (before and after ASA treatment, respec-
tively) were prepared by combining identical aliquots of
individual samples.

Extraction Procedure

After thawing, the urine samples were vortexed and
centrifuged (3000g, 5 min); 10,000 dpm of 11-
[*H]}dehydro-TXB, open form was added to 1-2 ml of
supernatant, its pH was set to 2 with HCl, and it was
incubated at room temperature (20-22°C) for 4 h. The
open form of 11-[*H]}dehydro-TXB, was prepared by an
overnight incubation (16-20 h) of commercial 11-
[*H)dehydro-TXB, in 0.063 M ammonium bicarbonate
(10). All solvent mixtures used in the extraction proce-
dure were prepared daily. C, silica cartridge was condi-
tioned with 2 ml of methanol followed by 4 ml of water.
Urine was diluted with water (1:5) and applied to the
cartridge. The cartridge was rinsed with 3 ml of water
followed by a wash with 3 ml of organic solvent:water
mixture, and then rinsed with 3 ml! of water and 3 ml of
n-hexane. 11-Dehydro-TXB, was eluted with 3 ml of
pure organic solvent or solvent mixtures. When the ex-
traction was made on a C,, silica cartridge, the volumes
of solvents were 10 ml in each step. The fraction of final
eluent was collected and evaporated under nitrogen at
room temperature, and the dry residue was stored at
—20°C until further analysis.

High-Pressure Liquid Chromatography

The HPLC system consisted of an LKB 2249 pump,
an LKB fraction collector FRAC-100, an LKB 2141 vari-
able-wavelength monitor (LKB, Bromma, Sweden), a
Hewlett~Packard 3380S recorder (Hewlett-Packard,
Avondale, PA), a Rheodyne Model 7125 injector (Rheo-
dyne, Cotati, CA) equipped with a 100-ul loop, and a
PRP-1 (4.1 X 150 mm, 5-um spherical particles) column
(Hamilton, Reno, NV). Samples were dissolved in the
mobile phase containing 0.01% trifluoroacetic acid, and
isocratic separation was carried out in a water:acetoni-
trile (75:25, v/v) solvent system at a flow rate of 0.7
ml/min. The retention volumes of prostanoids were de-
termined by their uv absorbance at 196 nm.
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Radioimmunoassay

RIA was carried out as described previously (19), us-
ing an 11-['®I}dehydro-TXB,-tyrosine methyl ester
tracer and polyethylene glycol separation. Unless oth-
erwise indicated, antiserum Al was used throughout the
experiments.

RESULTS

11-Dehydro-TXB, Concentrations after Nonselective
Extraction

Pooled normal and ASA urine was extracted on C,g
and Cj; silica cartridges. Ethanol:water (15:85, v/v) was
used as wash solvent before the final elution of 11-dehy-
dro-TXB, with ethyl acetate. The recovery of 11-
[*H)dehydro-TXB, after extraction was 90 + 5% (mean
+ SD) from C,; and 93 = 7% from C, cartridge (n = 4).
The measured apparent 11-dehydro-TXB, concentra-
tions after C,; and C; SPE of normal urine were 2600 +
250 and 2300 + 200 pg/ml, respectively (n = 4). In ASA
urine, the apparent 11-dehydro-TXB, concentrations
were, after C,; SPE, 1750 + 265 and, after C; SPE, 1625
+ 224 pg/mL (n = 4).

The method blank did not contribute to the apparent
concentrations of urine samples, as indicated by the val-
ues found with water as sample, which were under the
detection limit (2 pg) of the assay.

The Nature of Immunoreactivity after Nonselective
Extraction

Afterthe nonselective SPE procedure (above), the uri-
nary extracts were subjected to HPLC separation. Im-
munoreactivity and radioactivity were measured from
each fraction collected during the run (0-30 min). All
radioactivity was detected in fractions comigrating with
the lactone form of authentic 11-dehydro-TXB,, indi-
cating that the endogenous analyte was in pure lactone
form during extraction. Figure 1 shows the immunoreac-
tivity profile of pooled normal urine after extraction on
a C; silica cartridge using ethyl acetate as eluent. No
immunoreactivity was found in the area of low polar
material, as demonstrated by the lack of any immunore-
activity eluted after the lactone form. Most (70%) of the
immunoreactivity was found in the area of polar mate-
rial overlapping with the authentic open form of 11-de-
hydro-TXB,; only 30% coeluted with the lactone form.

When urine was extracted on C, g silica cartridge using
methylformiate (instead of ethyl acetate) as eluent and
subjected to immuno-HPLC, 75% of the immunoreactiv-
ity was found in the area of polar material.

Effect of Wash Solvents on the Immunoreactive
11-Dehydro-TXB, Concentration

The difference in polarity between nonspecific immu-
noreactive material and the lactone form of 11-dehy-

301

400~
&5
s i 300 *
£z
% 2o
o
1
o
3¢ '%r
1 ] )
10 20 30
Ratantion volume (mL)
FIG. 1. Immunochromatogram of pooled normal urine after non-

selective extraction on a C, silica cartridge. The sample was injected
in a mobile phase containing 0.01% trifluoroacetic acid, and isocratic
separation was made in a water:acetonitrile (75:25, v/v) solvent sys-
tem delivered at a flow rate of 0.7 ml/min. Fractions were collected
for every 1 min (0-30 min), and the concentration of 11-dehydro-
TXB, was measured by RIA in each fraction. The retention volume of
11-[*H)dehydro-TXB, added in urine is indicated by an asterisk. The
retention volumes (ml) of prostanoids were 2,3-dinor-6-keto-prosta-
glandin F,,, 3.1-5.7; 6-keto-prostaglandin F,,, 3.9-4.9; 2,3-dinor-
thromboxane B,, 3.7-5.7; 11-dehydrothromboxane B, (open form),
4.9-1.7, prostaglandin F,,, 9.1-10.5; prostaglandin E,, 13.2-15.7; 11-
dehydrothromboxane B, (lactone form), 14.7-18.2; prostaglandin D,,
15.6-17.5.

dro-TXB, encouraged us to attempt separation of the
specific analyte in pure immunoreactive form using
SPE alone. For these optimization experiments, the Cg
silica cartridge was used. Various water-miscible or-
ganic solvents (acetone, acetonitrile, ethanol, isopro-
panol, methanol) were tested for efficacy in the removal
of polar interfering substances. The eluent strength of
solvents was modified by addition of water in such a
range of concentrations that the loss of 11-
[*H)dehydro-TXB, did not exceed 20%. The material
retained on the sorbent after wash was eluted with meth-
anol and immunoreactivity measured. The values were
compared with those obtained with methanol elution
without a preceding wash step.

By decreasing the volume ratio of water in the wash
solvent, the amount of colored material in the methanol
fraction was diminished with a concomitant decrease of
recovery for 11-dehydro-TXB,. The highest decrease
(corrected with recovery) in the 11-dehydro-TXB, con-
centration measured after wash was achieved with 18%
acetonitrile (Table 1). This was the preferred wash sol-.
vent in the complete extraction procedure.

Effect of Elution Solvents on the Immunoreactive
11-Dehydro-TXB, Concentration

Urine was adsorbed onto a Cj silica cartridge and 11-
dehydro-TXB, was eluted with various organic solvents
of different selectivity properties, without employing
wash solvent before elution. The elution strength of sol-
vents was modified by adding n-hexane in such a ratio
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TABLE 1
Effect of Wash Solvents on the Immunoreactive
11-Dehydro-TXB, Concentration
Volume Concentration Recovery
Solvent (%) (pg/ml) (%)
No 2973 100.0
Methanol 20 2000 80.0
18 1975 82.0
15 2005 88.6
Ethanol 25 2211 83.2
20 2125 89.4
15 2143 96.1
i-Propanol 20 2027 85.5
15 1972 94.3
Acetone 25 1819 84.7
15 2083 93.2
Acetonitrile 21 1599 85.6
18 1434 90.3
15 1699 95.3

Note. One milliliter of pooled normal urine, containing 10,000 dpm
of 11-{°H]dehydro-TXB, as a marker of extraction efficiency, was
extracted on a Cg silica cartridge. The solvents used were mixed with
water in the volume ratio listed. After the wash step carried out with
aqueous solvent mixtures, pure methanol was applied on the car-
tridge. 11-Dehydro-TXB,-like concentration (composed of 11-dehy-
dro-TXB, + nonspecific interfering material and corrected with the
value of recovered 11-[*H]dehydro-TXB,) and radioactivity were
measured from the methanol eluate. The mean values of duplicate
extractions are indicated.

that the recovery of 11-[*H]dehydro-TXB, exceeded
80%. The degree of coelution of interfering material was
characterized by measuring immunoreactivity in the
eluates. For comparison, 11-dehydro-TXB, concentra-
tion was measured from a sample eluted with 100%
methanol (Table 2).

The lowest immunoreactive 11-dehydro-TXB, con-
centration was observed by the use of dichlorometh-
ane:hexane (70:30, v/v); this was preferred as the eluent
in the complete extraction procedure. This solvent was
also easy to evaporate, giving rise to pale or colorless
residue. By contrast, the residue obtained after nonse-
lective extraction was usually of a deep yellow color.

Evaluation of Selective Extraction by Immuno-HPLC

The extract of pooled normal urine obtained with the
selective extraction method, i.e., 18% acetonitrile as
wash and dichloromethane:hexane (70:30) as elution
solvent, was subjected to HPLC and immunoreactivity
in each fraction (0-30 min) measured by RIA. Only one
immunoreactive peak, comigrating with the lactone
form of 11-dehydro-TXB,, was found (Fig. 2, top).
When the extraction was carried out without the 18%
acetonitrile wash step, an identical immunochromato-
gram was obtained.

RIUTTA, MUCHA, AND VAPAATALO

In order to evaluate the homogeneity of the immuno-
reactive peak, fractions of the lactone form were col-
lected, treated with 0.063 M ammonium bicarbonate
overnight, and separated by HPLC for a second time.
Both the radioactivity and the immunoreactivity comi-
grated with the open form of 11-dehydro-TXB, (Fig. 2,
bottom). There was a high correlation (r > 0.99, n = 4)
between concentrations measured after the first (lac-
tone form collected) and the second HPLC separation
(open form collected).

Further evaluation was made by comparison of selec-
tive extraction and HPLC purification. Urine samples
collected from male volunteers before (n = 7) and after
(n = 3) ASA treatment were extracted and aliquots of
eluates were subjected to HPLC separation. A highly
significant correlation (r > 0.99) of values was observed
between samples measured after extraction and after
subsequent HPLC purification (Fig. 3).

Accuracy and Reproducibility

Urine was spiked with different amounts (100-400
pg) of 11-dehydro-TXB,. After extraction followed by
RIA, the measured values were estimated by fitting a
regression line for measured (y) versus added (x)
amounts (Fig. 4). A highly significant correlation (r >
0.99) was obtained. The endogenous level in the urine
pool as calculated from the intercept of the regression

TABLE 2

Effect of Elution Solvents on the Immunoreactive
11-Dehydro-TXB, Concentration

Vol C tration Recovery
Solvent (%) (pg/ml) (%)
Methanol 100 3124 100.0
Acetone 50 2334 95.2
40 2386 90.1
30 2400 85.0
Ethyl acetate 50 2258 87.2
40 2309 80.0
Diethyl ether 90 2158 90.2
80 1650 86.7
70 1037 82.3
Chloroform 920 2212 889
80 1518 85.4
70 1204 81.2
Dichloromethane 920 1109 90.2
80 948 84.4
70 817 81.6

Note. One milliliter of pooled normal urine, containing 10,000 dpm
of 11-[*H]dehydro-TXB, as a marker of extraction efficiency, was
extracted on a C; silica cartridge. The solvents used were mixed with
hexane in the volume ratio listed and applied on the cartridge. 11-De-
hydro-TXB;,-like concentration (composed of 11-dehydro-TXB, +
nonspecific interfering material and corrected with the value of recov-
ered 11-(*H|dehydro-TXB,) and radioactivity were measured from
the eluate. The mean values of duplicate extractions are indicated.
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FIG. 2. Immunochromatogram of pooled normal urine after selec-
tive extraction on a Cg silica cartridge. The sample was injected in a
mobile phase containing 0.01% trifluoroacetic acid, and isocratic sepa-
ration was made in a water:acetonitrile (75:25, v/v) solvent system
delivered at a flow rate of 0.7 ml/min. Fractions were collected for
every 1 min (0-30 min), and the concentration of 11-dehydro-TXB,
was measured by RIA in each fraction. Immunoreactivity (top) was
found only in fractions comigrating with the lactone form of tritiated
11-dehydro-TXB, (asterisks). These fractions were combined,
treated with 0.063 M ammonium bicarbonate overnight, and sepa-
rated for a second time. Immunoreactivity (bottom) was found only in
fractions comigrating with the open form of tritiated 11-dehydro-
TXB, (asterisks). The retention volumes of other prostanoids are
listed in the legend to Fig. 1.

line (739 pg/ml) showed a strong correlation with the
value measured from the unspiked sample (737 pg/ml).

The recovery for 11-dehydro-TXB, was very repro-
ducible, as demonstrated by the extraction efficiency of
77 + 5% (mean *= SD, n = 50) determined with the tri-
tiated open form of 11-dehydro-TXB, added to urine as
recovery marker. The reproducibility of the selective
procedure was further evaluated in 20 independent as-
says by extracting urine samples containing low (100
pg/ml), medium (300 pg/ml), and high (800 pg/ml) con-
centrations of 11-dehydro-TXB,. The coefficient of
variation was 7.0, 4.8, and 10.5% for low, medium, and
high concentrations, respectively.

Evaluation of Selective Extraction by the Use of Multiple
Antisera and by the Effect of Acetylsalicylic Acid

Urine samples from eight volunteers, before and after
ASA treatment, were extracted and 11-dehydro-TXB,
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FIG. 3. Correlation of 11-dehydrothromboxane B, values obtained
in RIA after selective extraction of urine on a Cg silica cartridge with-
out or with subsequent HPLC purification.

concentration measured by RIA using four different an-
tisera (Table 3). The correlation coefficient calculated
for each pair of series was >0.99 for each pair of data.
The efficacy of selective extraction to result in a spe-
cific immunoreactivity was demonstrated by the appear-
ance of an inhibitory effect of ASA treatment in mea-
sured concentrations. In contrast to the apparently high
contents of 11-dehydro-TXB, found in pooled ASA ur-
ine after nonselective extraction (1625 + 224 pg/ml, see
under 11-Dehydro-TXB, Concentrations after Nonselec-
tive Extraction), the respective value measured after se-
lective extraction was 52 = 5 pg/ml (n = 4). In certain
ASA urine samples the figures measured were as low as
10 pg/ml. In the 10 male volunteers, the 24-h excretion
rates of 11-dehydro-TXB,, before and after ASA treat-
ment, were 595 = 114 and 100 = 60 ng/g creatinine,
respectively. The inhibitory effect of ASA on 11-dehy-
dro-TXB, excretion, calculated for each individual vol-
unteer, was 80 = 13%. The values obtained after extrac-
tion without the wash step were 615 + 120 and 90 =+ 55

y =0.99x + 739
1000

3
=

11-Dehydrothromboxane B, measured

260 4(‘)0
11-Dehydrothromboxane B, added (pg/mL)

FIG. 4. Linearity obtained with known amounts of standard 11-de-

hydro-TXB, in pooled normal urine. Mean values (+SD) of three

extractions on a Cq silica cartridge are indicated. The y-intercept of

the regression line represents the endogenous concentration of 11-de-

hydro-TXB,.
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TABLE 3

Urinary 11-Dehydro-TXB, Concentrations (ng/g creati-
nine) after Selective Extraction Measured by RIA Using Four
Different Antisera

Sample Al All Alll AlV
1 1381 1200 1359 1350
2 874 956 978 900
3 334 384 372 300
4 232 211 169 250
5 112 118 89 100
6 104 132 88 110
7. 37 50 22 30
8 20 30 24 22

Note. Eight urine samples (four normal, four ASA urine) were ex-
tracted on a C, silica cartridge and each sample was measured with
four (AI-AIV) different antisera. Extractions were made in duplicate,
and the mean values are presented. The correlation coefficient calcu-
lated for each pair of series is >0.99 for each pair of data (Al vs AIl, AI
vs AllL, Al vs ALV, etc.).

ng/g creatinine before and after ASA treatment, respec-
tively.

DISCUSSION

In a recent study on the reliability of direct RIA for
the determination of urinary 11-dehydro-TXB,, we
demonstrated that approximately 70% of total immuno-
reactivity resulted from the presence of material other
than 11-dehydro-TXB, (19), necessitating an efficient
purification of human urine before RIA. Since pub-
lished (18), solid-phase extraction of prostanoids from
biological fluids on octadecyl silica cartridges has been
widely used. However, additional chromatographic
steps have been required before quantitation of urinary
11-dehydro-TXB, (8,9,13,15,17) because of its unsatis-
factory cleanup with the nonselective SPE method on
C,; silica cartridges.

Effective purification of urinary 11-dehydro-TXB,
prior to analysis by GC-MS has been achieved on phen-
ylboronate columns (14). However, GC-MS analysis it-
self includes an extra sample preparation step during
gas chromatography. The physicochemical background
underlying extraction procedures on various sorbents
can also be different; thus the efficiency of purification
evaluated by a certain type of quantitation method will
not necessarily parallel that evaluated by another
method. Regardless, the suitability of the phenylboron-
ate method for the purification of urinary 11-dehydro-
TXB, prior to analysis by RIA has not been reported in
the literature. It might be of interest to test vice versa
the efficiencies of the phenylboronate and the C, purifi-
cation procedures presented here as sample preparation
steps prior to RIA and GC-MS, respectively.

Immunoaffinity extraction has also been used for the
purification of 11-dehydro-TXB, prior to analysis by
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RIA or GC-MS (16,20). However, the preparation of
immunoaffinity columns is laborious and relatively ex-
pensive, and a quite large and constant supply of anti-
body is needed. Hayashi et al. (16) produced a specific
and sensitive monoclonal antibody for 11-dehydro-
TXB, that they used in immunoaffinity purification
and in RIA. On the other hand, both the production and
the purification of monoclonal antibody are laborious
and time-consuming. In another paper, Barrow et al.
(20) used a polyclonal antibody of low specificity for
11-dehydro-TXB, in immunoaffinity chromatography
and GC-MS in quantitation. The authors regard, in
contrast to RIA, the low specificity of the antibody as an
advantage in immunoaffinity purification, since cross-
reactivity with metabolites of interest makes simulta-
neous extraction possible.

To avoid these different limitations our aim was to
elaborate an inexpensive, simple, and selective proce-
dure for the extraction of urinary 11-dehydro-TXB, on
commonly used alkyl silica cartridges for reliable deter-
mination with RIA. In pilot experiments the extraction
procedure employed by Powell (18) was tested on both
C,s and Cg silica cartridges. The immuno-HPLC profile
revealed that the main part of immunoreactivity con-
sisted of nonspecific interfering material of polar na-
ture. However, as suggested by Powell (18), when the
SPE procedure is aimed at the isolation of a certain
prostanoid rather than prostanoids as a group, a more
selective elution pattern can be employed. This was the
approach used in the present study with special empha-
sis on the elimination of additional chromatographic pu-
rification step(s) before RIA. The different physico-
chemical properties of the two chemical forms of
11-dehydro-TXB, served as an important clue for the
optimization studies on Cg silica cartridges. We as-
sumed, on the basis of the differences in polarity be-
tween interfering material and the lactone form of 11-
dehydro-TXB,, that the extraction of a specific analyte
in lactone form enabled the use of solvents with a higher
elution strength for considerable removal of polar non-
specific immunoreactive substances without remark-
able loss of analyte. We also expected that removal of
analyte in lactone form from the sorbent could be
achieved by using solvents of elution strength lower
than that required for the elution of analyte in open
form.

The wash and elution steps optimized separately were
combined in a complete extraction procedure that re-
suited in an apparently unique immunoreactive sub-
stance comigrating with authentic 11-dehydro-TXB,.
In fact, the optimized elution step alone resulted in a
remarkable decrease in 11-dehydro-TXB,-like immuno-
reactivity. Moreover, the immuno-HPLC profile ob-
tained after extraction without the wash step was iden-
tical to that obtained after combined extraction. The
extraction on the Bond-Elut C; silica cartridge (Bond-
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Elut, Analytichem International, Harbor City) resulted
in an identical immuno-HPLC chromatogram and in
the same concentration of pooled normal and ASA ur-
ine as those measured after extraction on the Amprep
C; cartridge (data not shown). These observations indi-
cate that on C; silica, sorbent dichloromethane has a
unique selectivity toward 11-dehydro-TXB,; this is
probably due to the contributions of various molecular
forces to defining the interaction between solvent and
solute molecules (21).

Despite the immunoreactive purity achieved with se-
lective elution alone, the use of the wash step was not
without benefit. As observed in the HPLC chromato-
gram, high amounts of uv-absorbing substances were
coeluted with the specific analyte when elution was not
preceded by the wash step (data not shown). Although
these substances did not interfere with RIA applied in
the present study, their removal would be advantageous
when a less specific antibody or another type of quanti-
tation method (e.g., GC-MS) is used.

The existence of 11-dehydro-TXB, in two equilib-
rium forms also offered an experimental tool to pre-
clude the presence of nonspecific immunoreactive mate-
rial (either prostanoids or nonprostanoids) in the
eluate. When lactone form fractions were separated by
HPLC for a second time after alkaline treatment, only
one immunoreactive and radioactive peak correspond-
ing to the open form was observed. Since the retention
volumes of those prostanoids that comigrated with the
lactone form in the first separation remained un-
changed, their contribution to the immunoreactivity
was precluded. Similarly, two-step HPLC validation
made it highly unlikely that nonprostanoid substances
comigrating with lactone form could interfere with 11-
dehydro-TXB, immunoreactivity.

The reliability of selective extraction was supported
by the good linearity obtained with known amounts of
11-dehydro-TXB, added and by the high reproducibility
achieved in a wide range of analyte concentrations. Its
validity was further evaluated by comparing the con-
centrations measured with four different antisera. The
high correlations observed gave further proof that the
selectivity achieved in the extraction, rather than the
unique specificity of a particular antiserum, accounted
for the homogeneous immunoreactivity found.

The substantial improvement in specificity was
clearly demonstrated by the low concentrations mea-
sured in ASA urine samples. In keeping with the obser-
vation reported on the use of direct RIA (19), the inhibi-
tory effect of ASA was hidden by a high ratio of
nonspecific substances after the nonselective SPE pro-
cedure. The excretion rates of 11-dehydro-TXB,, mea-
sured in 10 male volunteers before and after ASA treat-
ment (595 + 114 and 100 = 60 ng/g creatinine,
respectively) showed excellent correlation with those
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measured after HPLC and were also in good agreement
with those measured by GC-MS (9,14).

In conclusion, although the elaborated selective SPE
procedure does not necessarily result in the isolation of
analyte in a chemically pure form, the amount of con-
taminate in the final sample is low enough to allow a
reliable subsequent quantitation of 11-dehydro-TXB,
by RIA without an additional purification step.
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Mucha I: Vazoaktiv prosztanoidok meghatérozasa emberi
vizeletben radiocimmunoassay (RIA) médszerrel.
Immunkromatogréafids médszer alkalmazésa az
immunreaktivitas szerkezetének tanulményozaséra.
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Vazoaktiv prosztanoidok meghatarozasa emberi vizelet-
ben radioimmunoassay (RIA) médszerrel. Immunkroma-
tografias moédszer alkalmazasa az immunreaktivitas
szerkezetének tanulmanyozasara.

Mucha Istvan

Jzotép Intézet Kft, Budapest, P77, 1525

A legfontpsabb -prosztanoidok, a prosztaciklin és a tromboxan bioszintézisének vallozésait a vizelet 2,3-dinor-6-keto-PGF1q,
illetve 2,3-dinor-TXB, és/vagy 11-dehidro-TXB, koncentracidinak meghatarozasaval jellemezheljik. Normal férfi vizelet 6-keto-
PGF1q, tromboxdn B, és 11-dehidro-TXBy immunreaktivitésasdnak szildrd-fazisi extrakcié utdn nagynyomdsq folyadék-
kromatografidval kombinalt radicimmunoassay vizsgélatabdl megdllapithats, hogy a 6-keto-PGFiq és a tromboxan B,
immunreaktivitas jelentés mértékben a megfelel§ dinor-metabolitokbél (2,3-dinor-6-keto-PGF1¢, illetve 2.3-dinor—TXBz) ered. A
RIA-hoz haszndlt antiszérumok dinor-szarmazékokkal mutatott magas keresztreaktivitisa lehet6vé teszi, hogy a dinor-
metabolitokat az anyavegydiletekre rendelkezésre &ll6 6-keto-PGF1q, illetve tromboxan B, RIA készletekkel hatdrozzuk meg.
Ehhez a 6-keto-PGF1¢/2,3-dinor-6-keto-PGF 1 esetében a szilard-fazisu extrakcié utdn HPLC elvdlasztds szikséges, és a
standardizélast 2,3-dinor-6-keto-PGF1q-val is el kell végezni. Ezzel szemben a tromboxén B,/2,3-dinor-TXB, esetében sem
HPLC elvilasztasra, sem kétféle standardizaldsra nincs szlkség. A hagyomanyos mddszer szerint extrahélt vizelet 11-dehidro-
TXB, immunreaktivitisa rendkivil heterogén. Megfelelé szorbens és kell6 szelektivitisi mosd/eludlé olddszerelegyek
alkalrznaza'sa'n alapuld szelektiv szildrd-fazisG extrakcios mintaelGkészitési modszerrel azonban kromalografids tisztitds nelkdt is
egységes immunreaktivitds érhetS el. .

DETERMINATION OF VASOACTIVE PROSTANOIDS IN HUMAN URINE, USING SPECIFIC RADIOIMMUNOASSAY.
APPLICATION OF IMMUNO-CHROMATOGRAPHY TO THE STUDY OF IMMUNOREACTIVITY PROFILES OBTAINED

AFTER SOLID-PHASE EXTRACTION

Extrarenal production of prostacyclin (PGIly) and thromboxane A, can be monitored by quantitation of 2,3-dinor-6-keto-PGF1a,
and 2,3-dinor-TXB»/11-dehidro-TXB,, respectively, the urinary index metabolites of the active species. Immunoreactivity profiles
of these metabolites have been studied in 24-hour pooled normal human urine after solid-phase extraction (SPE) on Co-silica
mini-columns. Separation by reversed-phase high-performance liquid chromatography (RP-HPLC) followed by  6-keto-PGF1q -
and thromboxane B, radicimmunoassay (RIA) revealed that a considerable (6-keto-PGF1a) or major (thromboxane By) part of
immunoreactivity was contributed by respective dinor-metabolites rather than by parent compounds themselves. When
evaluated in terms of their cross-reactivies towards dinor-derivatives, anti-6-keto-PGF1q and anfi-thromboxane By antisera were
both demonstrated to be suitable for quaniitation of dinor-metabolites and parent compounds (6-keto-PGF14/2,3-dinor-6-keto-
PGF1q, and thromboxane B2/2,3-dinor-TXB,, resp.), using RIA systems of respective parent compounds. To achieve a reliable
quantitation, 6-keto-PGF1q and 2,3-dinor-6-keto-PGF1a should be separated by RP-HPLC, then assayed individually, using
respeclive standard curves for each. By contrast, immunoreactive thromboxane B, is dominated by the confribution of 2,3-
dinor-TXB,,, therefore chromatographic separation js not a prerequisite for reliable determination. Furthermore, the unique 100-%
cross reaction of thromboxane B, antisera with 2,3-dinor-TXB, makes the assay procedure very simple; precise quantilies of
both thromboxane B, and 2,3-dinor-TXB, can be obtained by using only one calibration curve with thromboxane B,. As an
alternative to 2,3-dinor-TXB,, 11-dehydro-TXB, is suggested as another suitable urinary index metabolite that represents’
exirarenal thromboxane production. Although the commonly used SPE procedure resulted in a very heterogeneous 11-dehydro-
TXB, immunoreactivity, the substitution of CZ‘ for Cg-minicolumns, combined with an optimized wash/elution pattern, enabled
both reasonable recovery and homogeneous immunoreactivity to be achieved without chromatographic purification.
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Bevezetés
A sejtmembrianok foszfolipidjeiben  kotott
tobbszorésen telitetlen zsirsav, az arachidonsav

(5,8,11,14-(cisz)-ejkozatetraénsav), a sejtet ér8 sokféle
inger hatisira felszabadul, és enzimatikus dton
kiilonbdz8 kémiai szerkezetl, vailtozatos biologiai
aktivitisokkal rendelkezd vegyiiletekké, ejkozanoidokka
alakul 4t. A lehetséges bioszintézis utak kdzil elsSként
folfedezett, és fontossigaban ma is kiemelked8 egyik
enzimatikus lanc az un. ciklo-oxigendz Gt. Ennek soran
az arachidonsavbol eldbb endoperoxidok képzddnek,
majd ezekb&l mint kozds prekurzorokbol specifikus
szintetdz, enzimek kozremiikddésével prosztaglandinok
és tromboxanok keletkeznek (1-5 ). A prosztanoidok
szinte minden éllati sejtben megtalilhatd, nagyhatisi
bioaktiv anyagok. Bioldgiai szerepiiket az biztositja,
hogy az é18 szervezetben magasabb szervezGdési szinten
érvényesil8 szabdlyozott egyensily, a homeosztizis,
elsddleges, sejtszintii szabilyozd mechanizmusainak
fontos lancszemei.

A  magasabbrendli  szervezetek  homeo-
sztazisinak egyik alapvetd Gsszetevgje a sziv- és érrend-
szerrrel kapcsolatos élettani funkciok szabdlyozisa. Ez a
folyamat igen sokféle elemi szabélyozé6 mechanizmus
bonyolult, érzékeny egyensilyat feltételezi, ahol az
egyes regulicios rendszerek kdlcsondsen dsszeflggenek
egymassal. Ebbe a szabilyozd rendszerbe illeszkednek
azok az arachidonsav-metabolitok, amelyeket vazoaktiv
prosztanoidokként  foglalunk  &ssze. Bioldgiai
szempontbdl legfontosabb két képviselgjik a tromboxan
Ay (TXAj), valamint a prosztaciklin (PGIy). Mindkét
vegyiilet els6dleges timaddspontja azonos; a simaizmok
és a vérlemezkék. Ezen keresztiil hatnak a véralvadisra,
vérkeringésre, vérmyomasra, stb. A két vegyiilet egymas
antagonistija, és a TXA,/PGI; egyensily felboruldsa
fontos szerepet jatszik szamos - a sziv- és érrendszerrel
kapcsolatos - emberi korfolyamatban, igy az érelmesze-

sedésben, szivizom-infarktusban, koszoriér-betegségben, .

alvadiasi rendellenességekben, terhességi magas vér-
nyomésban, cukorbetegségben, stb (6 ).

Mind a TXA,, mind a PGI; kémiailag
bomlékony anyagok; vizes kozegben rdvid felezési
id8vel bioldgiailag inaktiv termékekké hidrolizdlnak.
Kimutatisuk és mennyiségi meghatirozisuk ezért nem a
hatbanyag, hanem az els8dleges hidrolizis-termékek; a
tromboxin B, (TXB,), illetve 6-keto-PGFle kimuta-
tisdval/mérésével torténik. Mennyiségi meghatiro-
zasukra mindmaig leggyakrabban hasznalt eljiris a
specifikus radioimmunoassay (RIA). Az elmult mintegy
masfél évtized alatt tébb kutatéesoport - kdztik magunk

34

is - dolgozott ki ilyen modszereket, és szimos méré-
készlet kereskedelmi forgalomban is kaphaté.

A prosztanoidok biologiai szerepének vizsga-
latira irdnyuldé kisérletekben hosszdi idén it a humén
plazmaban RIA mobdszerrel mért koncentricickat a
szervezetben zajlé prosztanoid-bioszintézis mértékének
tekintették. Napjainkra azonban altalinosan elfogadott,
hogy a plazmakoncentriciék sem a TXB5, sem a 6-keto-
PGFla esetében nem megfelel6 indikitorai a
hemosztizis szempontjibdl fontos uUn egész-test
produkciénak. A szdmos elvi és moédszertani ellenérv
koziil hdrom kiildn is kiemelend§ (7,8):

(i) Az ecls8dleges hidrolizistermékek maguk sem
stabilisak, hanem enzimatikus kaszkid-reak-
ciokban gyorsan metabolizdlédnak, igy a kerin-
gésbe folyamatosan bekeriil8 aktiv prosztanoidnak
csak igen kis hinyada talilhaté TXB,, illetve 6-
keto-PGF]q forméaban.

(i) A prosztanoidok bioszintézise a vérvétel utin "ex
vivo" tovabb folyik, és ennek mértéke tobbnyire
jelentSsen felilmilja az "in vivo" bioszintézisét,
ami a mérési eredmények hitelességét alapvet8en
megkérdGjelezi. SzélsSséges példaként emlithetd a
vérlemezkék tromboxén bioszintézisének aktiva-
l6dasa, amelynek kovetkeztében a vérszérumban a
TXB; mennyisége a plazmiban mért endogén
mennyiség szizezerszeresét is elérheti.

A rendkivill alacsony plazmakoncentriciok, rossz
jel-zaj viszony miatt fokozottan érvényestil a
minta nem-specifikus és nem-immun eredetl
zavaré . hatisa (matrix-hatds). Prosztanoidok
esetében nem ritka, hogy ennek kdvetkeztében a
mért  litszélagos immunreaktivitisnak csak
elhanyagolhatd hinyada szidrmazik magéitol a
vizsgiland6 anyagtol, a zomét egyéb komponen-
sek (pl. fehérjék, lipidek, stb) okozzak.

Mindezen elvi és mobdszertani szempontok
alapjan a korszerli prosztanoid kutatisban altalinosan
elfogadott iranyelv, hogy a tromboxén- és prosztaciklin-
produkcié monitorozdsa a vizeletben torténik, az
els8dleges hidrolizistermékek helyett olyan enzimatikus
metabolitok mérésével, amelyek mennyisége bizonyi-
tottan korrelal a szervezetben keletkezett hatdanyagok
mennyiségével. A vizeletben természetesen maga a
TXBj és 6-keto-PGF1q is megtaldlhatd, ezek azonban
a ma altalinosan elfogadott allaspont szerint a vesébdl
szirmaznak, igy az endogén bioszintézis (nem-vese
eredetd, un "extrarendlis” produkcid) jellemzésére nem
alkalmasak.

(iii)
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1. dbra

Prosztaciklin és tromboxan keletkezése és
metabolizmusa
Metabolic pathways of thromboxane and prostacyclin

A TXBj enzimatikus metabolizmusanak két f8
atja ismert:
Béta-oxiddci6, amelynek terméke a 2,3-dinor-
TXB, (9).

Dehidrogenalédas, amelynek terméke a 11-
dehidro-TXBj (10-12).

Mindkét metabolit megtaldlhaté a vizeletben, és
birmelyiklik mennyisége az extrarendlis tromboxdn
bioszintézis mennyiségi jellemzésére felhasznélhato.
Modszertani jelent8sége miatt megemlitendd, hogy a 11-
dehidro-TXBy-nek két egyensilyi forméja létezik, a
savas pH a gy(ris 8-lakton forma, mig a ligos pH a
nyitott, szabad sav forma keletkezésének kedvez (1.
abra).

A 6-keto-PGF1q esetében a béta-oxidicid a
meghatdrozé lebomlasi t, igy az extrarendlis proszta-
ciklin produkcié a vizelet 2,3-dinor-6-keto-PGFlq
mennyiségével jellemezhetd (13).

A targyalt prosztanoidok keletkezését és atala-
kulésait az 1. dbra szemlélteti.

Bir a mennyiségi meghatirozasra leggyak-
rabban RIA-t alkalmaznak, a kordbbiakban mér érintett
specialis elvi és modszertani problémak miatt a prosz-
tanoidok radioimmun analitikdja kilonleges nehéz-
ségeket tamaszt. A RIA elvébdl kovetkezGen az
elméletileg tokéletes mérés feltétele, hogy a mérendd
anyagot kémiailag tiszta formaban izolaljuk a biologiai
mintabol. Ezen alapelv figyelembe vétele a prosztano-
idok esetében kiilonosen fontos. Maradéktalan érvénye-
sitése azonban a mérést elfogadhatatlanul bonyolultta és
koltségessé tenné, igy a gyakorlatban kovetett eljarasok
mindig kompromisszumosak; a tisztitdst csak addig a
hatarig végezzik, amelynél - a kémiai tisztasagtol
teljesen fuggetleniil - a kapott minta immunreaktivitds
szempontjabdl homogénnek tekinthetS. A prosztanoidok
esetében elfogadhaté immunreaktiv tisztasag eléréséhez
rendszerint legalabb extrakciora, de igen gyakran
kromatografias tisztitdsra is szikség van. A Kkorszerd
kisérleti modszerek elsGsorban szilard-fazisa extrakciot
(SPE) alkalmaznak, tobbnyire Powell modszerét (14),
illetve annak valamely modositott valtozatit, mig a
kromatografidas modszerek koziil szinte egyeduralkodé a
forditott  fazisi szilikagél szorbenseken végzett
nagynyomasu folyadék-kromatografia (RP-HPLC) (7).

Kisérleteink célja az volt, hogy megvizsgaljuk,

(i) milyen a TXBy, a 11-dehidro-TXB, és a 6-keto-
PGFla immunreaktivitds spektruma a
szakirodalomban &ltalanosan hasznédlt szilard
fazisi extrakcids mintaelSkészités utdn, és ennek
ismeretében megallapitsuk,

(i) alkalmasak-e, és hogyan, a munkacsoportunk altal
a korabbi években kidolgozott és kereskedelmi
forgalomban is kaphaté TXB,, 11-dehidro-TXBy
és 6-keto-PGF1a RIA készletek a tromboxan- és
prosztaciklin-metabolitok mérésére emberi vizelet-
ben. ;

Anyagok és médszerek
Anyagok

Radioimmun meghatarozashoz az Izotop Intézet
Kft (illetve jogelddje, az MTA Izotoépkutatd Intézete) 6-
keto-PGF;,, (RK-16), tromboxdn B, (RK-17) és 11-

dehidro-TXB, (RK-67) 1251-RIA készleteit haszniltuk.
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A triciummal jelzett prosztaglandinok az Amersham
International plc (Anglia), a nem-radioaktiv 6-keto-
PGF]q és tromboxédn By az Upjohn Diagnostics (USA),
a 11-dehidro-TXB,, 2,3-dinor-6-keto-PGF), és 2,3-
dinor-TXB2 a Cayman Chemical Co. (USA) termékei
voltak. A  szilird-fizisi  extrakcidhoz  hasznilt
minioszlopok (Bond-Elut Cy és Bond-Elut Cg) a Varian
Group Ltd (USA) termékei .

Szildrd-fazisi extrakcio .

A meghatarozishoz egészséges férfiakbdl 24
orés vizeletet gy(jtéttink, és ezek azonos térfogataival
keveréket készitettink. A keverékbdl aliquot térfo-
gatokat - 20 ©C-on fagyasztva tiroltuk, és egy mintat
csak egyszer felolvasztva haszniltunk. A vizeletmintikat

3000 g-vel 5 percig centrifugiltuk, majd 1 ml
feliilliszbhoz 5 - 10000 cpm triciummal jelzett
prosztanoidot adtunk, és In sésavval pH 3-ra

megsavanyitottuk. .A mintat vizzel 1:5 térfogataranyban
higitottuk, majd az el6zetesen 2 ml metanollal, és 4 ml
vizzel elSkezelt oszlopokon injekcids fecskend8
segitségével kb. 2ml/perc sebességgel atnyomtuk. Az
oszlopot ezutin sorrendben 4 mli vizzel, 4 ml 10 %-os
etanollal, 4 ml n-hexdnnal mostuk, majd a prosztanoid
frakciét 4 ml etil-acetttal leoldottuk. Utébbi oldatot
szobah8mérsékleten nitrogén gizzal szérazra péroltuk, és
a tovabbi vizsgilatokig -20 ©C-on tiroltuk.

11-dehidro-TXBy szelektiv szildrd-fisisa extrakcidja

Az eljirast részleteiben koribban publikaltuk
(15). Az el8z8 pontban leirtakt6l roviden az alabbiakban
kilonbozik:

A mintat el8zetesen 4 6ran it pH 2-n inkubéljuk
szobahdmérsékleten, majd Bond-Elut Cg mini-oszlopra
vissziik. A 10 % etanolos mosas helyett 18 %-os aceto-
nitrilt, eluensként pedig diklormetin : n-hexdn 70:30
térfogatarinyG elegyet alkalmazunk, a tobbi lépés az
eldz8ekkel azonos.

Nagynyomdsa folyadék-kromatogrifia

A kisérletekhez LKB 2152 tipusi szabdlyozo
egységgel vezérelt kétpumpis (LKB 2150) gradiens
rendszert haszniltunk, amelyhez LKB 2151 ultraibolya
detektor, Super-Rac (LKB-2211) frakcidszedd és
kétcsatornds rekorder (LKB 2210) csatlakozott. A minta
felvitele 200 ul-es mintahurokkal ellitott Rheodyne
7125 injektoron, az elvalasztis pedig Spheri-5 Cjg
Microbore (2.1x220 mm, Pierce, USA), oszlopon tortént.
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A 0.2 - 2.0 m! kiindulasi vizelet-térfogatnak
megfeleld extrakciés maradékokat 100 - 150 pl mozgd
fizisban feloldva vittik be a kromatogrifids rendszerbe
és 0.1 % ecetsavat tartalmazd viz : acetonitril mozgd
fazissal, 0,4 ml/perc dramldsi sebességgel, linedris
gradienssel eludltuk a kévetkez8képpen: az acetonitril
koncentracié O és 10 perc kdzdtt 28 %, 10 és 20 perc
kozott 80 %-ra ndveljik, 20 és 25 perc kozott 28 %-ra
csokkentjik, majd 25 és 30 perc kdzott ismét 28 %-on

tartjuk. A gradiens elicids rendszert -elzetesen
triciummal jelzett és/vagy nem-radioaktiv
prosztaglandinokkal standardizéltuk, elébbieket

radioaktivitis detektorral (Reeve, Glasgow, Skécia),
utébbiakat 195 nanométeres hullimhosszon ultraibolya
detektorral azonositottuk. Az extraktumokbdl kapott
HPLC-frakcidkat -20 ©C-on liofilizaltuk, és a RIA
mérésig -20 °C-on taroltuk.

A radioimmunoassay menete

A meghatarozishoz a szilard-fizisi extrakcib,
illetve nagynyomasi folyadék-kromatografia utéan kapott
sziraz maradékokat RIA-pufferben oldottuk. A
radioimmun meghatirozds a készletekhez tartozd
hasznilati utasitisok szerint, harom parhuzamossal
tortént.

Kisérleti eredmények

Humdn vizelet 6-keto-PGF] o immunreaktivitisa

A szilird-fizish extrakciét kovets HPLC-
elvilasztissal normal humin vizeletmintidban két f8
immunreaktiv komponenst mutattunk ki (2. dbra). A
polarosabb frakcié (A-csics) a 6-keto-PGFla, mig a
kevésbé polaros- frakcidé (B-csiucs) a 2,3-dinor-6-keto-
PGFla referencia-anyagokkal azonos retencids idSkkel
elualodott.

Az dbran nem tiintettik fel szimos tovabbi
prosztaglandin retencibés idejét, de az alkalmazott
gradiens-rendszert  tricidlt vagy  nem-radioaktiv
prosztaglandinok segitségével az aldbbi prosztanoidokra
standardizéltuk: 6-keto-PGF1,,  2,3-dinor-6-keto-
PGFj, tromboxin By, 2,3-dinor-TXB,, 11-dehidro-
TXB3, 8-epi-prosztaglandin Fa,, 11-epi-prosztagiandin
Fpa, prosztaglandin  E;, prosztaglandin = Foq,
prosztaglandin D5, 13,14-dihidro-15-keto-prosztaglandin
Faa,, 13,14-dihidro-15-keto-prosztaglandin E,, biciklo-
PGE,.
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2. édbra

Extrahalt human vizelet 6-keto-PGF 1o immunreaktivitas
profilja
HPLC profile of immunoreactive 6-keto-PGFlq in
human urine after solid-phase extraction

Minta: 24-oras kevert feérfi vizelet

Extrakcio: Bond-Elut C-, a kisérleti rész szerint
Elvalasztas: forditott fazisu HPLC, gradiens elicioval
(Ld. Kisérleti rész

A: standard 6-keto-PGF] g retencios idd

B: standard 2,3-dinor-6-keto-PGF] ¢ retencios ido

A

B
v y

3. abra

Extrahdlt human vizelet tromboxan B, immunreaktivitas
profilja
HPLC profile of immunoreactive thromboxane B,
in human urine after solid-phase extraction

Minta: 24-6ras kevert férfi vizelet

Extrakcié: Bond-Elut C», a kisérleti rész szerint
Elvalasztas: forditott fazisu HPLC, gradiens eluciéval
(Ld. Kisérleli rész

A: standard 2,3-dinor-TXB)

B: standard TXB)

Humdn vizelet tromboxdn By immunreaktivitisa

Az extrahdlt minta HPLC elvalasztdsa utani
RIA mérés kozel homogén immunreaktivitis-eloszlast
mutatott (3. abra). A f6 immunreaktiv frakcidk retencios
ideje azonban nem a tromboxan Bj, hanem a 2,3-dinor-
TXB, referencia-anyaggal (A-csics) volt azonos. A
tromboxan By-nek megfelelS frakcidkban (B-cstcs) csak
igen kismértékd immunreaktivitas volt kimutathaté.

Anti-6-keto-PGF ]a €s anti-tromboxdn By antiszérumok
keresztreaktivitisa a dinor-metabolitokkal

A fenti adatokbdl megallapithatd, hogy a szilard-fazisa
extrakcibval tisztitott normal human vizeletben a 6-keto-
PGF}, immunreaktivitds jelentSs mértékben, a trom-
boxdn By immunreaktivitis pedig tilnyomo részben a
megfeleld dinor-metabolitokboél szarmazik. A mennyi-
ségi viszonyok pontosabb jellemzése érdekében ezért
nagyszamu fuggetlen mérésbdl meghataroztuk a radio-
immunoassay készletekben hasznilt specifikus antiszé-
rumok keresztreaktivitisat a dinor-szarmazékokra. Az
anti-6-keto-PGF 1, antiszérumra kapott adatokat az 1.
tablazatban foglaltuk ossze. A kétféle anyaggal (vagyis
6-keto-PGF 1 -val, illetve 2,3-dinor-6-keto-PGF-val)
kapott dozis - valasz gorbék meredeksége kilonbdzott,
ezért a szokdsos eljaras helyett - amely szerint a relativ
keresztreakcidt az 50 %-os specifikus kotéshez tartozd
dézisok aranyaval jellemezziik - harom kiilénbdzd dozis-
ra tintettlk fel a keresztreakciot (CR). A tablazat adatai
egyértelmlen bizonyitjak, hogy a 6-keto-PGF]q antiszé-
rumnak 2,3-dinor-6-keto-PGF]1-val valé keresztreak-
cidja nem konstans, hanem doézisfliggd érték.

6-keto- 2,3-dinor-6- relativ CR
PGF keto-PGF 4 (%)
(c1) (c2)
ED-802,65+0,32 3,70+0,82 71,6
BED=50-112:4 133522 7 £216 50,4
ED-20 50,9+3,49 172 +26,2 29,6
1. tablazat
A 2,3-dinor-6-keto-PGF1¢. keresztreakcidjanak dozis-
fuggése
Dose-dependent cross reactivity of 2,3-dinor-6-keto-
PGFlq

A tablazat 3 parhuzamossal végzett 10 fiiggetlen
meghatarozas alapjan a 80, 50 és 20 %-os specifikus
kotésekhez tartozo dozisokat és a szordst tiinteti fel. A
relatlv kereszireakciok szamitasa a kézépertékek
hanyadosaibol tortént, a CR % = (c1/c2)*100 keplet

szerint.

Sl



Mucha I., Vazoaktiv prosztanoidok immun-kromatografidja

A tromboxin B, antiszérum esetében a 2,3-
dinor-TXBy-val, és a tromboxan By-vel kapott dézis -
valasz gorbék meredeksége megegyezett, igazolva azt,
hogy a relativ keresztreakcié fliggetlen a keresztreagald
koncentraci6jatél. Harom parhuzamossal végzett hat
fuggetlen mérés alapjan az 50 %-os specifikus kétéshez
tartoz6 dozisokbodl szamitott relativ keresztreakeid értéke

97,6 + 3,4 % volt (atlag + szoras).

i A B
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4. abra

Extrahalt human vizelet 11-dehidrotromboxan B,
immunreaktivitas profilja nem-szelektiv szilard-fazisi
extrakcidval
HPLC profile of immunoreactive 11-dehydro-TXB)
after non-selective solid-phase extraction

Minta: 24-oras kevert férfi vizelet

Extrakcio: Bond-Elut C5, a kisérleti rész szerint
Elvalasztas: forditott fazisu HPLC, gradiens elucioval
(Ld. Kisérleti rész,

A: standard 11-dehidro-TXB) szabad sav forma

B: standard 11-dehidro-TXB) lakton forma

Humdan vizelet 11-dehidro-TXB y immun reaktivitisa

Az elébbiekkel azonos modon végzett szilard-
fizish extrakcié utdn a normal humin vizelet 11-
dehidro-TXBy immunreaktivitisa rendkivil hetero-
génnek bizonyult (4. dbra). Az egyértelmiien 11-dehidro-
TXBj-ként azonosithaté (vagyis a standard 11-dehidro-
TXB, lakton formédjdval azonos retencids idejti)
frakcidban az 6sszes immunreaktivitdsnak kevesebb mint
25 %-a talalhatd (B-cstcs). Az immunreaktivitds zome
poldros anyagokbdl szdrmazik, amely a 11-dehidro-
TXB, szabad sav formajaval is nagymértékben atfed. A
szabad savnak megfelelé frakcidkban cshcs-szerl
immunreaktivitds nem észlelhetd.
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Human vizelet 11-dehidro-TXB > immunreaktivitdsa
szelektiv szildrd-fazisu extrakcio utdn

A vizeletb8l Bond-Elut Cg mini-oszlopon, 18 %-os
acetonitrillel végzett elémosas utin diklérmetan:hexan
(70:30 térfogataranyu) eluenssel kapott mintdk HPLC
elvdlasztasa egységes immunreaktivitdst mutat (5. abra).
Az immunreaktivitas csak a 11-dehidro-TXB, lakton

, I
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5. édbra

Human vizelet 11-dehidrotromboxan B
immunreaktivitas profilja szelektiv szilard-fazisa
extrakcioval
HPLC profile of immunoreactive 11-dehydro-TXB2
after selective solid-phase extraction

Minta: 24-oras kevert férfi vizelet

Extrakcio: Bond-Elut Cg, a kisérleti rész szerint
Elvalasztas: forditott fazisu HPLC, gradiens elucioval
(Ld. Kiserleti rész)

A: standard 11-dehidro-TXB) szabad sav forma

B: standard 11-dehidro-TXB) lakton forma

formajanak megfeleld frakcidkban észlelhetd (B-csucs),
mivel a mintaban esetleg szabad sav formaban jelenlévg
11-dehidro-TXB, az extrakciét megel6z6 savas elGke-
zelés kovetkeztében laktonna alakul.

A kisérleti eredmények értékelése

Laboratériumunkban a RIA mérések eldtti
mintaelGkészitésre a  prosztanoidok  szilard-fazisa
extrakcidjara els6ként hasznalt Sep-Pak Cj1g patronok
(14) helyett tobb éve j6 eredménnyel hasznalunk etil-
szilil-szilika (C5) mini-oszlopokat. Nagyszama kiilonféle
biolégiai matrixon tobbféle prosztanoidra kapott - jelen
kozleményben nem részletezett - tobbéves kisérleti
tapasztalataink azt bizonyitjak, hogy az extrakcids
hatasfok, az extrakcié utin kapott immunreaktiv kon-
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centracidk, valamint az immunreaktiv tisztasig a kisér-
leti hibahatiron beliil lényegében azonos a kétféle
szorbens esetében. A Sep-Pak-hez képest kedvez6bb ar
és kisebb oldoszerszilkséglet miatt a Cy minioszlopok
haszndlata gazdasigosabb, igy egyes gyartok (pl.
Amersham International plc, Izotép Intézet) a keres-
kedelemben kaphatd prosztanoid RIA készleteikben is
ezek hasznilatit javasoljak. Ennek tudatiban jelen
vizsgéilatokat is C, minioszlopokra koncentriltuk. A
vizeletre vonatkozban itt részletesen nem ismertetett
kisérleti eredményeink igazoltik, hogy. a C mini-
oszlopokon az extrakcios hatdsfok mindhdrom vizsgalt
prosztanoidra 90 %-nél nagyobb volt. Ennek gyakorlati
- elnye, hogy megtakarithaté az extrakcidés hatasfok

mintinkénti egyedi meghatarozisa, amely csak
triciummal  jelzett, igen driga prosztanoidokkal
lehetséges. .

Az ismertetett immunkromatografias kisérletek
fontos adatokat szolgidltattak a prosztanoid bioszintézis
mennyiségi jellemzésére hasznilt egyes wizelet-
metabolitok RIA meghatirozasinak lehetséges modsze-
reire vonatkozoan.

Elterjedt vélemény szerint a vizeletben taldlhatd
6-keto-PGFla a renilis, mig a 2,3-dinor-6-keto-PGF1qa
az extrarenalis prosztaciklin produkciét tikrdzi (10), bar
egyes szerzGk vitatjik ennek altalanos érvényét (16). A
két metabolit el8zetes kromatografids tisztitdis nélkil
csak abban az esetben volna mérhetd, ha mindkettSre
kiilon-kilén specifikus antiszérummal rendelkeznénk.
Ennek hidnydban kromatogrifids elvilasztisra van
sziikség. Az itt leirt kisérleti eredmények igazoljik, hogy
a prosztanoidok elvilasztisira kiterjedten hasznilt
forditott fazisih nagynyomast folyadék-kromatogrifia a
6-keto-PGF10/2,3-dinor-6-keto-PGF 1o szepardlasira is
j6 eredménnyel hasznélhato.

A 6-keto-PGFlo. antiszérum  vizsgdlataval
kapott eredmények igazoltik azt a vérakozist, hogy a
RIA-hoz elterjedten hasznalt poliklonilis antiszérumok
specificitdsa  dltaldban igen alacsony a dinor-
szarmazékokkal szemben. Az aspecificitis azonban nem
sziikségképpen hitriny - ellenkezSleg, a gyakorlatban
eldénydsen hasznilhaté fel. A magas 2,3-dinor-6-keto-
PGF)y keresztreakcié médot ad ugyanis arra, hogy a
HPLC modszerrel izolalt tiszta 2,3-dinor-6-keto-
PGFjo-t- is 6-keto-PGF|, RIA segitségével hati-
rozhassuk meg. Ilyenkor Ugy jirunk el, hogy 6-keto-
PGF|y helyett 2,3-dinor-6-keto-PGF-val készitiink
standard gorbét, és a 2,3-dinor-6-keto-PGF),, frakeidk
mennyiségét ennek alapjin adjuk meg. Megjegyzend6,
hogy hasonlé elven mikdédé RIA keészletek egyes
gyanoktol a kereskedelmi forgalomban is kaphatok (pl.
Seragen (Advanced Magnetics), Izotop Intézet).
Moédszertani  szempontbdl  igen  fontos  annak

-csakis teljes 2,3-dinor-6-keto-PGFla

hangsilyozisa, hogy a keresztreaktiv meghatirozis
egyszeri modszere - amely szerint a keresztreagild
anyag mennyiségét a keresztreakcid tablazatos értékébdl
egy konstans szorzéfaktorral szimitjuk ki - a 2,3-dinor-
6-keto-PGFloa  esetében nem  alkalmazhatd; a
keresztreakcid erds dézis-fiiggése (1. tablazat) miatt ez a
kis koncentraciokndl jelentSs alimeérésre (“under-
estimation"), mig a magas koncentricidknal jelentds
folémérésre ("overestimation") vezetne. Pontos mérés
standard gorbe
alapjan végezhetd. Miutin az altalunk vizsgdlt RIA
készlet 2,3-dinor-6-keto-PGF}, standardot is tartalmaz,
ugyanazon keészlet a 6-keto-PGFj, és a 2,3-dinor-6-
keto-PGF1qo. meghatérozasira egyarént felhaszndlhaté. A
modszer megbizhatdsigit igazolja, hogy a néhiny
normil vizeletmintdban HPLC elvilasztds utin RIA
modszerrel mért 2,3-dinor-6-keto-PGF},, koncentricié
értéke (86 + 12 pg/ml, n=5) jol egyezik a
szakirodalomban k6z581t, referencia-médszemek szimité
GC/MS/MS modszerrel nyert értékekkel (17, 18).

A vizelet tromboxan B2 immunreaktivitisira
kapott kisérleti eredmények ( 3. dbra) teljes dsszhangban
vannak azzal a mar ismert irodalmi adattal, hogy a
vizelet tromboxan B, immunreaktivitisa val6jiban nem
a tromboxin By-t6l, hanem a 2,3-dinor-TXB,-t8l
szirmazik (19). Ez pedig azt jelenti, hogy - a korabbi
véleményekkel szemben - a vizeletben mért immun-
reaktiv tromboxin By mégis az extrarenilis, nem pedig a
renilis tromboxan-bioszintézis mértékének tekintendd
(19). Pontos mennyisége azonban minden olyan esetben,
ahol a tromboxdn B, antiszérum keresztreaktivitisa
kisebb mint 100 %, csak 2,3-dinor-TXBj-ra végzett
standardizdlissal hatdrozhaté meg, a 6-keto-PGFy4/2,3-
dmor-6-keto-PGF1a méréssel analég moédon. Az

irodalomban ismertetett szimos kiilénbdzd antiszérum
ugyan erlsen keresztreagdl a 2,3- dmor-TXBz-val de
értéke iltalaban 40 - 60 % kozdtt mozog. Eppen ezért az
altalunk vizsgalt RIA-rendszer rendkiviili elSnye, hogy a
tromboxin By antiszérum aspecificitisa a 2,3-dinor-
TXBj-re nézve teljes; a keresztreakcid gyakorlatilag
100 %. Ennek kdszdnhetden a leirt extrakcids tisztitas
utdn, kromatografias elvilasztis nélkil, a standard assay
szerint kapott immunreaktiv tromboxan B, koncentricio -
szamszerlien j6 kdzelitéssel azonos a 2,3-dinor-TXB,
koncentraciéjéval A kapott érték valdjiban csak a
tromboxan Bs- és 2,3-dinor-TXB, - immunreaktivitds
Osszegét adja meg, ezen beldl a két vegyiilet pontos
arinya elvileg csak kromatografias elvilasztassal adhatd
meg. A tromboxin By-t8] szirmazé immunreaktivitis
pontos ismerete azonban két okbdl is elhanyagolhato:

(i) Az irodalmi adatok (19) és a jelen kisérleti
eredmények is (3. dbra) azt bizonyitjak, hogy az
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8sszes immunreaktivitisnak altaldban kevesebb
mint 20 %-a szirmazik a tromboxin B;-tdl.

(ii) Szimos ujabb irodalmi adat utal arra, hogy a
vizelet 2,3-dinor-TXB, és tromboxin B; kon-
centricidja kozott pozitiv korrelicidé van (20,21),
azaz a tromboxin By maga is - ellentétben a
korabbi iltalinos véleménnyel - az extrarenilis
tromboxdn bioszintézis indikdtordnak tekinthetd.

Fentiekkel &sszhangban a néhiny normil vize-
letmintiban HPLC elvilasztis nélkil, RIA médszerrel
mért immunreaktiv tromboxin B2 koncentricié értéke
(296 t 32 pg/ml, n=5) jol egyezik a szakirodalomban
kozdlt, referencia-mddszernek szdmitdé GC/MS/MS
modszerrel nyert értékkel (17).

A vizsgalt metabolitok koéziil a 11-dehidro-
TXB, immunreaktivitisa bizonyult leginkibb hetero-
génnek a Cp-minioszlopon végzett extrakcio utin (4.
abra). A Sep-Pak Cj)g-on észlelt hasonlé heterogenitis
vizsgilata sorin koribban olyan szelektiv szilird-fizisi
extrakciot dolgoztunk ki, amely a megfeleld szorbens
kivalasztisin, szelektiv moso és eluilo olddszerelegyek
hasznilatin, valamint a 1l-dehidro-TXB5 lakton és
szabad sav formdi eltér§ polaritisinak kihasznilasian
alapul (15). Az itt leirt kisérleti eredmények (5. ibra)
bizonyitjdk, hogy a moédszer a jelen vizsgilatokhoz
alkalmazott RIA készlettel hasonléan j6 eredményt ad;
kilén kromatografias tisztitas nélkiil, egylépéses szilard-
fazisi extrakcidval homogén immunreaktivitis érhetd el.
Megjegyzendd ugyanakkor, hogy ez a nagyfok( immun-
reaktiv tisztasig bizonyos mértékig a visszanyerés
rovasira érhetd csak el; az extrakcids hatisfok 70 - 80 %
ko6z6tt valtozik. Ennek kovetkeztében pontos mérésekhez
elkerilhetetlen az extrakcidos hatisfok egyideji
meghatirozdsa minden egyes mintiban.

Mindezek alapjin az extrarenilis tromboxén
produkcié jellemzésére két kisérleti moédszer s
felhasznalhaté; a 2,3-dinor-TXB; és/vagy a 11-dehidro-
TXB, vizelet-koncentricidinak radioimmun meg-
hatirozisa. A két metabolit jelen ismereteink szerint
egyenértékiinek tekinthetS, bir a szakirodalmi adatok
elsGsorban a 2,3-dinor-TXBy mérésén alapulnak, és a
meghatdrozishoz zémmel nem RIA-t, hanem giz-
kromatografiis/tdmeg-spektrometrias (GC/MS) médszert
hasznilnak. TeljesitSképessége, és ira alapjin a RIA
meghatirozis lényegesen elényGsebb. A két metabolit
kozdl a 11-dehidro-TXBy mérése kedvezBbbnek latszik,
nemcsak azért, mert vizelet-koncentricidja lényegesen
magasabb a 2,3-dinor-TXB)-jénél, hanem azért is, mert
a 2,3-dinor-TXB, mennyiségi meghatirozisira ltalunk
javasolt fenti eljards a szakirodalomban még nem dlta-
lanosan elfogadott, noha ismeriink mar olyan adatokat,
amelyek hasonldé mérési elven alapulnak (20, 21).
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MEASUREMENT OF PROSTANOIDS BY SPECIFIC
RADIOIMMUNOASSAY USING 1251.LABELLED
RADIOLIGANDS

I. Mucha

Institute of Isotopes, Co., Ltd.
P. O. Box 851, H-1525 Budapest, Hungary

SUMMARY

Radioimmunoassay (RIA) has been a widely used method for sensitive
determination of prostanoids, a group of bioactive compounds produced
from arachidonic acid and found in biological systems at the low
picomolar range of concentration. In our laboratories, specific rabbit
antisera combined with radioiodinated monoiodo-tyrosine methyl ester
derivatives of prostanoids have been used for the measurement, by

heterologuous RIA, of prostaglandin E,, prostaglandin Fo,
thromboxane B2, 6-keto-PGF1a, 13,14-dihydro-15-keto-prostaglandin

Fyq» bicyclo-prostaglandin E-, 11-deh fldm -TXB2, 11-epi-prostaglandin
Foo» 8-epi-prostaglandin F,, and Al2 -prostaglandin J,. Large-scale
preparation of 1251 radxotracers has been routinely carried out by open
column chromatography on Sephadex LH-20 sorbent. In spite of
satisfactory sensitivity obtained with 1251 R1As, reliable quantification in
biological media requires laborious purification procedures including
solid-phase extraction (SPE) followed by chromatography (usually
HPLC). As a simple yet effective alternative of these multi-step
SPE/HPLC purifications, SPE alone, even without chromatographic
separation, can produce satisfactory immunoreactive (ir) purity, provided
that it is optimized for the particular analyte to be determined. As an
example of the utility of this methodological strategy, a selective SPE
procedure elaborated for purification of immunoreactive (ir) PGFp,
from human plasma and urine is presented.

METHODS
Prostanoids were coupled to tyrosine methyl ester (TME) by using mixed
anhydride or carbodiimide methods according to general procedures and

Synthesis and Applications of Isotopically Labelled Compounds 1994. Edited by J. Allen
© 1995 John Wiley & Sons Ltd



labelled with carrier-free Nal23] by chloramine-T method. Monoiodo-
derivatives are isolated from labelling mixture by column chromatography
on Sephadex LH-20 using ethanol-water binary eluents of different
composition. In standard RIA procedure 2-4 pg of 1251 tracer is incuba-
ted with polyclonal antisera (raised in rabbits against bovine serum
albumin conjugates of prostanoids) and unlabelled standard/sample at
4 OC overnight, then bound fraction is separated by charcoal. For
standard, non-selective SPE, plasma or urine samples were extracted on
C1g-Bond-Elut minicolumns according to Powell [1]. For selective extrac-
tion of ir-PGF5,, from plasma and urine C»-Bond-Elut minicolumns were
used according to the following elution scheme: Samples acidified to pH 3
were diluted 1:5 with water and applied to columns, then washed with 4
ml each of water, 14 % acetonitrile, water and n-hexane. Sample is obtain-
ed by using diethylether:hexane (70:30, viv) as final eluent. Immuno-
chromatographic analyses were carried out by separation of SPE-eluates
on HPLC, followed by RIA of HPLC fractions as detailed elsewhere [2].

RESULTS

1251 1abelled TME derivatives of a wide range of prostanoids can be effi-
ciently purified on Sephadex LH-20 column using ethanol:water binary
eluents. Table 1 shows elution peak maxima of monoiodo-derivatives and
the per cent composition of aqueous ethanol used as the mobile phase. In
Table 2 the main RIA parameters collected upon long-term use of 1251
tracers from 10-40 independent runs are summarized.

Table 1

PGF,, PGE, TxB, KPGF DHTX DHKPGF bicyclo- 11-epi- A12 pg),

PGE; PGE,,
%EOH 20 20 20 0 20 20 30 20 30
vom 110 120 112 75 110 118 112 138 120

oL,

KPGF = 6-kcto-PGFla; DHTX =1 l-dchydro-Tsz; DHKPGF = 13, 14-dihydro-1 S-kcto-PGFZa

Table 2

bicyclo- 11-epi- A12_
PGEy, PGE; TxB, KPGF DHTX DHKPGF "o J1-cPi” Al.pGy,
2 20,

MDD (pg) 0.9 1.9 1.4 1.1 1.5 14 1.1 0.86 0.36
1C50 (pg) 11 21 125 115 264 12.3 8.2 6.45 4.57

For abbreviations see Legend to Table 1.
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Pooled human plasma and urine samples containing 3H-PGF2a as the
recovery marker were subjected to SPE on Cqg minicolumns by using
standard elution scheme. Although an excellent recovery (>95 %) was
obtained, HPLC-RIA analysis of the eluates revealed very heterogeneous
immunoreactivity in both plasma and urine (Fig. 1A). As illustrated in
Fig. 1B, however, more homogeneous immunoreactivity profile (without
considerable loss of recovery) could be achieved on C,-silica sorbent by
using an optimized elution pattern as described under Materials and
Methods.
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Figure 1

Immunoreactive PGF, obtained with different SPE procedures

Plasma (solid bars) and urine (open bars) samples were extracted on Cig (A) and
C5 (B) minicolumns, using non-selective (A) and selective (B) elution scheme, and
HPLC fractions measured in PGF)y RIA. Fractions containing tritiated PGFp, are

indicated by asterisks.

DISCUSSION

1251 1abelled monoiodo-tyrosine methylester derivatives of a wide range
of prostanoids can be efficiently separated on Sephadex LH-20 by using
ethanol:water binary eluents. It is demonstrated in detail that selectivity
of this sorbent is chiefly determined by the number of iodine atoms in aro-
matic ring of tyrosine [3]. This is of particular benefit for the complete
separation of labelled materials from unreacted non-labelled target
compound, a preréquisite to achieve high specific activity required for
RIA. For analyses of iodinated prostanoids based on structural moieties
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of parent prostanoid rather than those of aromatic side-chain, RP-HPLC

was reported to be the adequate method of choice [4]. '

Due to the high specific activity of 1257, heterologuous prostanoid RIAs

" based on 1251-monoiodo-TME derivatives show outstanding sensitivity,

which is principally high enough to determine prostanoids in majority of

biological samples. Still, these determinations suffer from low specificity
and reliability due to the presence of non-specific interfering materials.

To have reliable results in RIA determinations, laborious and sophisti-

cated purification procedures should be used, which results in a low

sample through-put capacity. Solid-phase extraction (SPE) has been used
for a long time as the universal clean-up method employed in both RIA
and mass-spectrometric determinations. In its initial form this method is
suitable for a nonselective group-isolation of prostanoids with maximum
recovery [1]. In certain types of biological samples containing relatively
high concentration of prostanoids this extraction alone may provide satis-
factory immunoreactive purity, as it did in the case of uterine venous
plasma in pregnant rabbit [5]. In majority of cases, however, this standard

SPE should be, and could be, improved, in order to avoid the need for

further chromatographic purification. Optimization of SPE can be

performed according to following general concept:

- removal of polar interfering materials by polar solvents before eluting
the analyte,

- fine adjustment of elution strength of eluting solvent to obtain fine
selectivity in a narrow range of polarity,

- search for sorbent/solvent/analyte combinations, whose selectivity is
contributed by interactions specific for the particular analyte/sor-
bent/solvent system.

This strategy was found successful in the elaboration of even more

complex selective extraction of different prostanoids from human urine

[6,7]. The present procedure suitable for selective isolation of ir-PGFp

from human plasma or urine provides further evidence of the utility of
this concept.
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This paper describes a method for selective two-step
solid-phase extraction of urinary 2,3-dinor-6-keto-
prostaglandin F,, for reliable determination with radio-
immunoassay. In the immunoreactivity profile of non-
selectively extracted urine after HPLC separation,
over 90% of the total 2,3-dinor-6-ketoprostaglandin F,
immunoreactivity consisted of interfering material
coeluting with 6-ketoprostaglandin F,_ and 2,3-dinor-
6-ketoprostaglandin F,,. Among the alkyl silica sor-
bents studied (methyl, butyl, octyl, and octadecyl), an
efficient separation of 2,3-dinor-6-ketoprostaglandin
F,, from 6-ketoprostaglandin F,_ and the lowest immu-
noreactive concentration of analyte were achieved in
extraction on the methyl silica sorbent by elution of
2,3-dinor-6-ketoprostaglandin F,, with chloroform:
hexane (85:15, v/v) from the cartridge. The proportion
of specific immunoreactivity could be further increased
by two-step extraction of sample on methyl silica car-
tridges, first at pH 3 and then at pH 10 using diethyl
ether:hexane (85:15, v/v) and chloroform as eluent, re-
spectively. After this, a high correlation was found with
concentrations of samples determined by radioimmuno-
assay using three different antisera. A significant
correlation of values was also observed between sam-
ples measured by radioimmunoassay and those mea-
sured by GC-MS. The values of 12-h excretion of 2,3~
dinor-6-ketoprostaglandin F,, in eight volunteers (268
+ 204 ng/g creatinine, mean + SD) as well as the inhibi-
tory effect of acetylsalicylic acid (74 = 12%) are in ac-
cordance with those reported in the literature. This se-
lective extraction procedure provides a high validity in
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radioimmunoassay without requiring subsequent TLC
or HPLC purification. © 1894 Academic Press, Inc.

Prostacyclin (PGI,),? the main cyclooxygenase prod-
uct of arachidonic acid in vascular endothelial cells, is a
powerful anti-aggregatory and vasodilatory agent (1).
On the basis of its biological properties, PGI, may be of
importance in cardiovascular physiology and disease.
Direct chemical measurement of PGI, is difficult be-
cause it is unstable under conditions prevailing in the
body and is rapidly converted into 6-ketoprostaglandin
F,, (6-keto-PGF,,) (2). The measurement of 6-keto-
PGF,, in plasma is questionable because of the risk of
its artifactual formation during blood collection (3,4). In
urine, 6-keto-PGF,, is mainly produced by the kidneys
rather than filtrated from plasma and does not reflect
the total body production of PGI, (5,6). Therefore, to
assess the endogenous production of PGI,, 2,3-dinor-6-
ketoprostaglandin F,, (2,3-dinor-6-keto-PGF,,), the
major metabolite of prostacyclin in urine in man (7,8)
and a noninvasive index of PGI, biosynthesis, should be
measured.

Various purification methods have been used prior to
the quantitation of 2,3-dinor-6-keto-PGF,, in urine by
immunoassay (IA) or gas chromatography-mass spec-
trometry. Selective liquid-liquid extraction has been
used to remove urinary contaminants before the deter-
mination of 2,3-dinor-6-keto-PGF,, (9). Immunoaffin-

2 Abbreviations used: PGI,, prostacyclin; 6-keto-PGF,_, 6-keto-
prostaglandin F,,; 2,3-dinor-6-keto-PGF,,, 2,3-dinor-6-keto-prosta-
glandin F,,; SPE, solid-phase extraction; IA, immunoassay; RIA, ra-
dioimmunoassay; ASA, acetylsalicylic acid; PG, prostaglandin.
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FIG.1. The structures of prostacyclin (I) and pH-dependent forms

of 6-keto-PGF,, (II, free acid; III, hemiketal) and 2,3-dinor-6-keto-
PGF,, (IV, free acid; V, hemiketal; VI, y-lactone).

ity extraction has been utilized before the quantitation
of 2,3-dinor-6-keto-PGF,, by GC-MS (10,11), but the
most common purification method has been nonselec-
tive solid-phase extraction (SPE) on octadecyl silica
cartridges, followed by a subsequent thin-layer or liquid
chromatographic step (12-18). Due to the lack of spe-
cific antibody for 2,3-dinor-6-keto-PGF,,, TLC or
HPLC purification has been necessary for the separa-
tion of 2,3-dinor-6-keto-PGF,, from 6-keto-PGF,,
(12,14,17-19), a prerequisite in IA determination based
on 6-keto-PGF,, antiserum cross-reacting with 2,3-
dinor-6-keto-PGF,,.

As suggested by Powell (20), if SPE is not aimed at
separation of prostanoids as a group, then its specificity
for certain prostanoids can be increased by applying a
more selective elution sequence. Actually, an effective
purification of urinary 11-dehydrothromboxane B,
prior to analysis by radioimmunoassay (RIA) has been
obtained on Cjg silica cartridges by the use of optimized
eluent and by taking advantage of the existence of ana-
lyte in two pH-dependent isomeric forms with different
physicochemical properties (21).

In the present work the applicability of this strategy
was extended to the SPE of urinary 2,3-dinor-6-keto-
PGF,,, which exists in three isomeric forms: upon acidi-
fication the free acid, favored at alkaline pH, is con-
verted through the hemiketal intermediate into the
v-lactone form (9,22) (Fig. 1). To optimize the proper-
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ties of the sorbent for the isolation of 2,3-dinor-6-keto-
PGF,, and the immunoreactive purity of SPE eluate,
the effects of sample pH, the use of hydrocarboneous
ligands other than the octadecyl moiety, and the solvent
environment around the solid phase were investigated.
The elaborated two-step extraction procedure on
methyl silica cartridges, by combining the effects of sam-
ple pH with selective elution solvents, not only sepa-
rates urinary 2,3-dinor-6-keto-PGF,, from 6-keto-
PGF,,, but also gives high immunoreactive purity of the
2,3-dinor-6-keto-PGF,, extract without requiring any
subsequent chromatographic purification step prior
to RIA.

EXPERIMENTAL
Materials

Nonlabeled prostanoids were obtained from Cayman
Chemical Co. (Ann Arbor, MI). 2,3-Dinor-6-[*H]keto-
PGF,, was prepared from 6-[’H]keto-PGF,, (New En-
gland Nuclear, Boston, MA) by 8-oxidation in vitro us-
ing washed mitochondria from guinea pig liver (23,24).
Other ®H-labeled prostanoids were purchased from
Amersham International (Amersham, Buckingham-
shire, England). HPLC-grade solvents were from J. T.
Baker Chemicals B.V. (Deventer, The Netherlands),
and alkyl silica cartridges (500 mg of sorbent) were from
Applied Separations (Allentown, PA).

Sample Collection

Twelve-hour urine (8 PM-8 AM) was collected from
eight healthy volunteers (four men, four women) who
had abstained from any drug intake during the preced-
ing 2 weeks. An additional eight 12-h urine samples
were received from the same volunteers after a 3-day
acetylsalicylic acid (ASA) treatment (3 X 0.5 g/day).
Aliquots from urine were frozen and stored at —20°C
until extraction. Pooled normal and ASA urines (before
and after ASA treatment, respectively) were prepared
by combining identical aliquots of individual samples.

Prostaglandin-Free Urine

Prostaglandin-free (PG-free) urine was prepared by
the addition of 5% (w/v) activated charcoal (Sigma, St.
Louis, MO) to pooled normal urine, and the suspension
was shaken (60 min) and centrifuged (5000g, 15 min).
The supernatant was filtered and stored at —20°C.

Extraction Procedure

After thawing, the samples were vortexed and centri-
fuged (3000g, 5 min). Ten thousand dpm of 2,3-dinor-6-
[*H]keto-PGF,, or 10,000 dpm of 6-[°’H]keto-PGF,, was
added to 2 ml of urine, and 1000 pg of nonlabeled 2,3-
dinor-6-keto-PGF,, together with 10,000 dpm of 6-[*H]-
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keto-PGF,, was added to 2 m} of PG-free urine superna-
tant. To convert the analyte into the -y-lactone form, the
pH of the supernatant was set to 3 with HCI and incu-
bated at room temperature (20-22°C) overnight. For
the conversion of 2,3-dinor-6-keto-PGF,, into free acid
form, the pH of the supernatant was set to 10 with
NaOH and incubated at room temperature for 1 h.

An automated SPE sample preparation system, capa-
ble of processing up to 30 cartridges simultaneously
(Spe-ed Wiz 6010; Applied Separations, Allentown, PA)
was employed in extractions. All solvent mixtures used
in the extraction procedures were prepared daily. Alkyl
silica cartridges were conditioned with 5 ml of methanol
followed by 5 ml of water. Samples incubated at pH 10
were set to pH 3 with HCI immediately before applica-
tion into cartridges for conversion of the carboxylate
group of 2,3-dinor-6-keto-PGF,, and 6-keto-PGF,, into
the acid form to adsorb analytes on sorbents. Cartridges
were rinsed with 5 ml of water followed by 5 ml of n-hex-
ane, and 2,3-dinor-6-keto-PGF',, was eluted with 5 ml of
pure organic solvent or solvent mixtures. The fraction
of final eluent was collected and evaporated under ni-
trogen at room temperature, and the dry residue was
dissolved into RIA buffer. After incubation overnight at
room temperature, 2,3-dinor-6-keto-PGF,, concentra-
tion, corrected with the value of recovered 2,3-dinor-6-
[®*H]keto-PGF,,, and radioactivities were measured by
RIA and liquid scintillation counting, respectively.

High-Pressure Liquid Chromatography

The HPLC system consisted of two LKB 2150 pumps
controlled by an LKB 2152 HPLC controller, an LKB
2211 fraction collector, an LKB 2151 variable-wave-
length monitor (LKB, Bromma, Sweden), a Rheodyne
Model 7125 injector (Rheodyne, Cotati, CA) equipped
with a 200-z] loop, an RP-18 (3.2 X 150 mm) guard col-
umn (Pierce, Oud-Beijerland, The Netherlands), and a
Spheri-5 (2.1 X 220 mm) RP-18 column (Pierce). Sam-
ples were dissolved in the mobile phase consisting of
water:acetonitrile:acetic acid (72:28:0.1, v/v/v), which
was delivered at 0.4 ml/min. The separation was carried
out with water:acetonitrile (72:28, v/v) over 10 min and
then with a linear gradient of acetonitrile to 80% over 10
min and back to 28% over 5 min. The retention volumes
of prostanoids were determined by their uv absorbance
at 195 nm.

Radioimmunoassay

RIA was carried out in 50 mM phosphate buffer, pH
6.8, containing 0.05% bovine serum albumin and 0.01%
thiomersal, using 6-[**I}keto-PGF,.-tyrosine methyl
ester (Institute of Isotopes, Budapest, Hungary) as la-
beled radioligand and nonlabeled 2,3-dinor-6-keto-
PGF,, for the calibration of the standard curve. The
assay mixture contained 0.1 ml of antiserum, 0.1 ml of
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tracer, and 0.1 ml of either 2,3-dinor-6-keto-PGF,,
standards or the unknown. The final assay volume was
adjusted to 0.4 ml by the addition of assay buffer. After
incubation at 4°C overnight, dextran-coated charcoal
was used for the separation of bound from free fraction
as described elsewhere (25).

Polyclonal 6-keto-PGF,, antisera were used at final
dilutions which bound 30% of the tracer. Antiserum I
was from the Institute of Isotopes, and antisera II and
III were developed in-house in rabbits. The cross-reac-
tions of antisera against 2,3-dinor-6-keto-PGF,, at the
whole range of the standard curve were 100, 51, and 39%
for antiserum I, II, and III, respectively. Unless other-
wise indicated, antiserum Al was used throughout the
experiments.

Gas Chromatography—Mass Spectrometry

The purification and GC-MS determination of sam-
ples were performed as described earlier (26). Briefly,
after methoximation, urine (spiked with 2,3-dinor-6-
[2H]keto-PGF,,) was applied to a phenylboronic acid
cartridge (Varian, Harbor City, CA), and 2,3-dinor-6-
keto-PGF,, was eluted with water (adjusted to pH 9
with NaOH):methanol (60:40, v/v). The eluate was di-
luted with water to a water:methanol ratio of 85:15
(v/v), adjusted to pH 3.5 with formic acid, and applied to
a C,q silica cartridge. The cartridge was washed with
water:methanol (85:15, v/v), and 2,3-dinor-6-keto-
PGF,, was eluted with ethyl acetate. This was evapo-
rated under nitrogen, and the dry residue was dissolved
in ethanol and applied on a silica gel TLC plate, which
was developed in the organic phase of ethyl acetate:ace-
tic acid:hexane:water (54:12:25:100, v/v/v/v). 2,3-
Dinor-6-keto-PGF,, was eluted from the plate with
ethyl acetate:acetic acid:hexane (54:12:25, v/v/v).

After evaporation under nitrogen, the dry residue of
the methoxime derivative of 2,3-dinor-6-keto-PGF),,
was converted into pentafiuorobenzyl ester trimethylsi-
1yl ether derivative, and GC~-MS analysis was carried
out using negative ion chemical ionization.

RESULTS

Effects of Sorbent—Solvent Combination and Sample pH
on the Separation of 2,3-Dinor-6-keto-PGF,, from
6-Keto-PGF,, and on the Immunoreactive
2,3-Dinor-6-keto-PGF,, Concentration

In studies with PG-free urine, spiked with nonlabeled
2,3-dinor-6-keto-PGF,, together with 6-[°H]keto-PGF,,,,
most solvents (acetone, acetonitrile, ethanol, ethyl ace-
tate, methanol, methyl formiate, and tetrahydrofurane)
gave >75% recovery of 2,3-dinor-6-keto-PGF,, from col-
umns with different alkyl chain lengths (C,, C,, C;, and
C,s) at either pH 3 or pH 10 and did not separate 2,3-
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dinor-6-keto-PGF,, from 6-keto-PGF,,. At both incu-
bation pH values an extraction efficiency of over 75%
for 2,3-dinor-6-keto-PGF,, together with a separation
ratio of 2,3-dinor-6-keto-PGF,,/6-keto-PGF,, >2 was
achieved on a C, silica cartridge eluted with chloroform
or diethyl ether and on a C,g4 silica cartridge eluted with
chloroform. The method blank did not contribute to the
recovery values of 2,3-dinor-6-keto-PGF,, obtained
after extractions, as indicated by the values found with
unspiked PG-free urine as sample, which remained be-
low the detection limit (1 pg) of the assay.

After C, SPE of pooled normal urine, the immunore-
active 2,3-dinor-6-keto-PGF,, concentration was 50%
lower (P < 0.01) in a sample eluted with chloroform
than with diethyl ether, and the value measured in C,
chloroform eluate was half of that (P < 0.01) measured
in C,4 chloroform eluate. The effect of sorbent type on
the amount of immunoreactive material was also seen
in a sample eluted with methanol from C,, C,, C,4, and
C, cartridges: the decrease in the sorbent alkyl chain
length resulted in a decrease in the immunoreactive 2,3-
dinor-6-keto-PGF,, concentrations (C, vs C,, 24%; C,
vs Cg, 47%; and C, vs C,q, 50%, P < 0.01). The depen-
dence on the amount and/or the nature of coeluting in-
terfering substances on sample pH was found in extrac-
tions on all sorbents: in urine extracted after incubation
at pH 3, 20-30% lower (P < 0.02) immunoreactive 2,3-
dinor-6-keto-PGF,, concentrations in eluates were
measured than after incubation at pH 10.

Optimization of One-Step Extractions

Lowering the elution strength of chloroform and
diethyl ether with n-hexane (added in such a ratio that
the recovery of 2,3-dinor-6-[*H]keto-PGF,, exceeded
75%) in extractions on a C, silica cartridge diminished
the degree of coelution of interfering material in the
eluate by 25-50%. The value measured in chloroform:
hexane (85:15, v/v) eluate was 29% lower (P < 0.01)
than that measured in diethyl ether:hexane (85:15, v/v)
eluate (Table 1). Removal of coeluting material by eth-
anol:water (15:85, v/v) wash (the loss of 2,3-dinor-6-
[*H]keto-PGF,, did not exceed 25%) before elution with
chloroform or diethyl ether resulted in decreases in
the immunoreactive 2,3-dinor-6-keto-PGF,, concentra-
tions similar to those obtained with the fine adjustment
of the eluent strength with n-hexane. After the wash
step, the immunoreactive 2,3-dinor-6-keto-PGF,, con-
centration measured in chloroform eluate was 24%
lower (P < 0.01) than that measured in diethyl ether
eluate.

In optimized one-step C, SPE the use of chloroform
instead of diethyl ether was preferred. To achieve an
extraction efficiency in excess of 75%, urine samples
incubated at pH 3 overnight were extracted on a C, sil-
ica cartridge without employing a wash solvent before
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TABLE 1

Effect of Fine Adjustment of Solvent Elution Strength on
the Immunoreactive 2,3-Dinor-6-keto-PGF,, Concentration

Recovery
(%)
Volume Incubation Concentration
Solvent (%) pH 6-K D-6-K (pg/ml)

Chloroform 100 3 141 83.6 457
100 10 64 923 544

90 3 128 809 396

90 10 6.1 88.2 465

85 3 9.4 788 345

85 10 45 854 393

Diethyl ether 100 3 46.0 99.0 880
90 3 40.2 975 765

85 3 340 904 488

80 3 240 80.2 456

Note. Pooled normal urine was incubated at pH 3 overnight or at
pH 10 for 1 h at room temperature and extracted on a C, silica car-
tridge. The elution solvents used were mixed with hexane in the vol-
ume ratio listed. The mean values of two independent extractions are
indicated. The relative standard deviations are all less than 4%. The
extraction procedure is described under Experimental.

the elution of 2,3-dinor-6-keto-PGF,, with chloroform:
hexane (85:15, v/v) from the cartridge. For C, SPE of
urine incubated at pH 10 for 1 h, an ethanol:water
(15:85, v/v) wash step was included before the elution of
analyte with pure chloroform from the sorbent. Corre-
lation coefficients in addition and dilution experiments
after extractions at pH 3 or at pH 10 were >0.99. How-
ever, the values of individual volunteer samples (four
normal, four ASA urines), determined with two other
antisera (AIl and AIII), were two- to fivefold higher
than those obtained with antiserum Al, suggesting the
presence of nonspecific immunoreactive material in
SPE eluates.

Selective Two-Step Extraction Method

An additional improvement in the immunoreactive
purity of analyte could be achieved with a combination
of the effects of sample pH and selective solvents in
two-step extractions on a C, silica cartridge (Fig. 2).
After thawing, urine samples were vortexed and centri-
fuged. 2,3-Dinor-6-{°H]keto-PGF,, was added to super-
natants, their pH was set to 3, and the mixtures were
incubated overnight at room temperature. The first ex-
traction was made on a C, silica cartridge conditioned
with 5 ml of methanol followed by 5 ml of water. After
application of the sample, the cartridge was rinsed with
5 ml of water followed by 5 ml of n-hexane, and 2,3-
dinor-6-keto-PGF,, was eluted with 5 m! of diethyl
ether:hexane (85:15, v/v). It was evaporated under ni-
trogen and the dry residue dissolved in 2 ml of PG-free
urine. PG-free urine was adjusted to pH 10, incubated 1
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2 ml of centrifuged (3000 g, 5 min) urine + 10000 dpm of 2,3-dinor-6[3H]koto-PGFm

acidification (pH 3) and incubation (room e, overnight)
Y
first C, SPE

1) rinsing with 5 mi of water
2) rinsing with 5 mi of hexane
3) elution with 5 ml of diethyl

ether:hexane (85:15, v/v)

dissolving into 2 ml of PG-free urine
alkalinization (pH 10) and incubation (room P sre, 1 h)

l

adjustment to pH 3 for 1-2 min

second C, SPE

1) rinsing with 5 ml of water
2) rinsing with 5 ml of hexane
3) elution with 5 mi of chloroform

A
RIA

FIG. 2. Summary of the steps involved in two-step C, SPE of uri-
nary 2,3-dinor-6-keto-PGF,, prior to RIA.

h at room temperature, and set to pH 3 just before the
second extraction on a C, silica cartridge. The extrac-
tion procedure was the same as in the first step, with the
exception that 2,3-dinor-6-keto-PGF,, was eluted with
5 ml of chloroform from the cartridge.

The effects of the change of sample pH and solvent in
two-step extractions are presented in Table 2. When
sample pH was changed, the immunoreactive 2,3-dinor-
6-keto-PGF,, concentration was reduced 25-30% (P <
0.02) compared with values after two-step extraction at
pH 3 or at pH 10. The change of solvent together with
the change of pH resulted in a 40-45% (P < 0.01) de-
crease in 2,3-dinor-6-keto-PGF,, concentration. Also,
the results of the comparisons of immunoreactive 2,3-
dinor-6-keto-PGF,, concentrations in pooled normal
and ASA urines, measured after C,; SPE and after one-
and two-step C, SPE (Table 3), demonstrate the selec-
tivity of the optimized two-step SPE method.

Evaluation of Assay
Immuno-HPLC profiles after the selective two-step
C, SPE procedure and, for comparison, after nonselec-
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TABLE 2

Effects of Sample pH and Elution Solvent in Two-Step C,
SPE on the Immunoreactive 2,3-Dinor-6-keto-PGF,, Con-
centration

Combination Recovery (%)
Concentration
pH Solvent 6-K D-6-K (pg/ml)
pH 3-pH 3 I+1I 8.7 78.9 282
pH 3-pH 10 I+1I 2.8 86.5 210
I+1 18.6 90.4 395
I+1I 1.5 73.6 336
pH 10-pH 10 I1+11 8.2 85.2 313

Note. Pooled normal urine was incubated at pH 3 overnight or at
pH 10 for 1 h at room temperature before extraction on a C, silica
cartridge using diethyl ether:hexane (85:15) (I) or pure chloroform
(II) as eluent. The dry residue obtained in the first extraction was
dissolved in PG-free urine and incubated either at pH 3 overnight or
at pH 10 for 1 h at room temperature before the second extraction on
a C, silica cartridge. The mean values of two independent extractions
are indicated. The relative standard deviations are all less than 5%.
The extraction procedure is described under Experimental and in
Fig. 2.

tive extraction on a C,4 silica cartridge and optimized
one-step extraction on a C; silica cartridge are shown in
Fig. 3. In all SPE eluates most of the immunoreactivity
was found in fractions comigrating with the authentic
2,3-dinor-6-keto-PGF,,. Ratios of immunoreactivity in

TABLE 3

Immunoreactive 2,3-Dinor-6-keto-PGF,, Concentrations
(ng/g Creatinine) in Normal and ASA Urines after Different
Extraction Procedures

Recovery
(%) Urine Drop
after ASA

SPE 6-K D-6-K Normal ASA (%)
Nonselective 91.3 89.7 3270 2200 33
Optimized one-step, pH 3 9.9 175.1 404 132 67
Optimized one-step, pH 10 5.9 85.2 407 136 67
Selective two-step 24 821 268 74 72

Note. 2,3-Dinor-6-keto-PGF,, concentrations were measured in
pooled normal and ASA urines after different extraction procedures.
In nonselective SPE, urines were incubated at pH 3 overnight at room
temperature and extracted on a C,g silica cartridge. The cartridge was
washed with 5 ml of ethanol:water (15:85, v/v) before the elution of
2,3-dinor-6-keto-PGF,, with ethyl acetate. In optimized one-step
SPE, urines incubated at pH 3 were extracted on a C, silica cartridge
using chloroform:hexane (85:15, v/v) as eluent. In optimized one-step
C, SPE of urines incubated at pH 10, the cartridge was washed with 5
ml of ethanol:water (15:85, v/v) before the elution of 2,3-dinor-6-
keto-PGF,, with chloroform. The extraction procedure is described
under Experimental and in Fig. 2. The mean values of two indepen-
dent extractions are indicated. The relative standard deviations are
all less than 5%.
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700

] *

[0 non-selective
optimized one-step
B sclective two-step

T T
25 5.0 7.5 10

Retention volume (ml)

2,3-dinor-6-keto-PGF,,, immunoreactivity (pg/ml)

FIG. 3. Immunochromatogram of pooled normal urine after non-
selective C,; SPE (open bars), optimized one-step C, SPE at pH 3
(crossed bars; both described in Table 3), and selective two-step (solid
bars) C, SPE (described in Fig. 2). HPLC conditions are described
under Experimental. Fractions were collected for every 1 min (0-25
min) and the concentration of 2,3-dinor-6-keto-PGF,, was measured
by RIA in each fraction. The retention volume of authentic 2,3-dinor-
6-keto-PGF,, is indicated by an asterisk. The retention volumes (ml)
of prostanoids were 6-ketoprostaglandin F,, (hemiketal form), 1.9-
2.1; 2,3-dinor-thromboxane B,, 1.7-2.3; 11-dehydrothromboxane B,
(acyclic form), 2.4-2.7; 2,3-dinor-6-ketoprostaglandin F,, (lactone
form), 2.9-4.2; 8-epiprostaglandin F,,, 3.6-4.0; 11-epiprostaglandin
F,,, 3.9-4.3; thromboxane B,, 3.9-4.8; prostaglandin F,,, 5.3-5.6; 11-
dehydrothromboxane B, (lactone form), 5.5-5.7; prostaglandin E,,
5.6-5.8; prostaglandin D,, 6.0-6.2; 13,14-dihydro-15-ketoprostaglan-
din F,,, 6.3-6.5; and 13,14-dihydro-15-ketoprostaglandin E,, 6.8-7.0.

this area, calculated as percentage of total 2,3-dinor-6-
keto-PGF,, immunoreactivity, were 75 and 80% in the
eluates obtained after nonselective and optimized one-
step extraction, respectively, and 95% in the eluate ob-
tained after two-step extraction. However, the immuno-
reactive concentration measured from the fractions
comigrating with the authentic 2,3-dinor-6-keto-PGF,,,
was 90% lower in the eluate obtained after optimized
one-step extraction than the value measured after non-
selective extraction. The immunoreactive concentra-
tion in respective fractions after selective two-step ex-
traction was half the value measured after optimized
one-step extraction.

The selective extraction method was also evaluated
by the use of multiple antisera. 2,3-Dinor-6-keto-PGF,,
concentrations were measured in 16 samples (eight nor-
mal, eight ASA urine) after selective two-step C, SPE.
Each sample was determined with three (AI-AIII) dif-
ferent antisera after duplicate extractions. The correla-
tion coefficient calculated for each pair of series was
>0.97 for each pair of data (Al vs AII, Al vs AIII, etc.).

Further validation of the assay was made by compar-
ing the results obtained by RIA after extraction of urine
samples collected from eight volunteers before and after
ASA treatment, with the results obtained by gas chro-
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400

y=0.91x +10.2
r=099

200

2,3-dinor-6-keto-PGF,,, RIA (pg/ml)

1
200 400
2,3-dinor-6-keto-PGF1, GC-MS (pg/ml)

FIG. 4. Correlation of 2,3-dinor-6-keto-PGF,, values in16 samples
(8 normal, 8 ASA urine) obtained in RIA after selective two-step C,
SPE (described in Fig. 2) with values obtained in GC-MS.

matography-negative ion chemical ionization-mass
spectrometry. A significant correlation (r > 0.99) was
observed between samples measured by these two tech-
niques (Fig. 4). The 12-h excretion rates of 2,3-dinor-6-
keto-PGF,, in the eight volunteers before and after ASA
treatment were 268 + 204 and 83 + 65 ng/g creatinine,
respectively. The inhibitory effect of ASA on the excre-
tion of 2,3-dinor-6-keto-PGF,,, calculated for each indi-
vidual volunteer, was 74 + 12%.

The accuracy of the method was studied by spiking
urine with different amounts (50-1500 pg) of 2,3-dinor-
6-keto-PGF,,. After extraction followed by RIA, the
measured values were estimated by fitting a regression
line for measured (y) versus added (x) amounts (Fig. 5).
A highly significant correlation (r > 0.99) was obtained.
The endogenous level in the urine pool as calculated
from the intercept of the regression line (204 pg/ml)

2000

y = 1.05x + 204
r=099

1000

2,3-dinor-6-kelo-PGF;, measured (pg/ml)

L
1000 2000
2,3-dinor-6-keto-PGF;, added (pg/ml)

FIG. 5. Linearity obtained with known amounts of standard 2,3-
dinor-6-keto-PGF,, in pooled normal urine. Mean values (+SD) after
three selective two-step C, SPE (described in Fig. 2) obtained in RIA
are indicated. The y-intercept of the regression line represents the
endogenous concentration of 2,3-dinor-6-keto-PGF,,.
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showed a strong correlation with the value measured
from the unspiked sample (210 pg/ml).

The reproducibility of the recovery for 2,3-dinor-6-
keto-PGF,, was demonstrated by the extraction effi-
ciency of 79 * 12% (mean * SD, n = 20) determined
with the tritiated 2,3-dinor-6-keto-PGF,, added to urine
as recovery marker. The reproducibility of the selective
procedure was further evaluated in 10 independent as-
says by extracting urine samples containing low (20 pg/
ml), medium (160 pg/ml), and high (540 pg/ml) concen-
trations of 2,3-dinor-6-keto-PGF,,,. The coefficients of
variation were 9, 6, and 7% for low, medium, and high
concentrations, respectively.

DISCUSSION

Immunoaffinity extraction utilizing 6-keto-PGF,,
antiserum cross-reacting with 2,3-dinor-6-keto-PGF,,
has been employed prior to the determination of urinary
2,3-dinor-6-keto-PGF,, by GC-MS (10,11), which sepa-
rates 6-keto-PGF,, and other cross-reacting com-
pounds present after extraction from the analyte during
the gas chromatography step. However, due to the lack
of a specific antibody, other purification methods are
needed for the isolation of 2,3-dinor-6-keto-PGF,, from
6-keto-PGF,, and other interfering substances prior to
analysis by IA.

Under acidic conditions (pH 2-4) the hemiketal hy-
droxyl at C-4 and the carboxyl group of 2,3-dinor-6-
keto-PGF,, are in favorable positions for the formation
of the five-membered ring (y-lactone). In alkaline me-
dium (pH 8-10) the hemiketal structure hydrolyzes to
the free acid form (9,22). The existence of these pH-de-
pendent isomeric forms has been utilized in selective
liquid-liquid extraction, resulting in the removal of
acidic, neutral, and basic contaminants from urinary
2,3-dinor-6-keto-PGF,, (9). However, after extraction
an additional HPLC or TLC step has usually been ap-
plied prior to analysis (19,27,28).

The most common method used in the prepurifica-
tion of urinary 2,3-dinor-6-keto-PGF,, before quantita-
tion is a nonselective solid-phase extraction on octade-
¢yl silica cartridges, optimized for high recovery of a
wide range of prostanoids varying in polarity (20). Fur-
ther sample cleanup has been achieved by a subsequent
TLC or HPLC step (12-18). Our aim in this study was to
optimize the properties of the stationary phase for the
isolation of 2,3-dinor-6-keto-PGF,,, with special empha-
sis on the elimination of additional chromatographic pu-
rifications before RIA. To avoid differences between
sorbent materials obtained from different manufac-
turers, alkyl silica cartridges from the same producer
were used.

The first step involved the separation of 2,3-dinor-6-
keto-PGF,, from 6-keto-PGF,,. To exclude the simulta-
neous presence of the different chemical forms of ana-
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lyte under the conditions used during extraction,
potentially affecting the recovery, samples were incu-
bated overnight at pH 3 or for 1 h at pH 10. From sol-
vents belonging to different selectivity groups (29), sepa-
ration was achieved on a C, silica cartridge with
chloroform and diethyl ether and on a C,; silica car-
tridge with chloroform. The similar behavior of methyl
and octadecyl silica and the differing behavior of butyl
silica, seen here with chloroform, have been reported
earlier with dichloromethane (30). The separation
achieved at pH 3 is probably based on the polarity dif-
ference between the apolar y-lactone of 2,3-dinor-6-
keto-PGF,, and the hemiketal structure of 6-keto-
PGF,. which, due to the location of its hydroxyl at C-6,
is unable to form the five-membered ring. As the reten-
tion on reversed-phase separations increases with in-
creasing the solute chain length (31), the separation at
PH 10 may be due to the additional two carbons in 6-
keto-PGF,,.

In the second step, our emphasis was on the immuno-
reactive concentration of 2,3-dinor-6-keto-PGF,,. In
urine extracted after incubation at pH 10, higher con-
centrations were measured than after incubation at pH
38, indicating pH dependence on the amount and/or the
nature of coeluting interfering substances. The increase
in the sorbent alkyl chain length resulted in an increase
in immunoreactive concentration after extraction. C,g
silica seems to adsorb the highest amount of substances,
which are coeluted with the analyte and interfere in the
RIA. The lowest concentration, measured after C, SPE
with chloroform as eluent, suggests that methyl silica
chloroform has a unique selectivity toward 2,3-dinor-6-
keto-PGF,,. This is probably due to the contributions of
various molecular forces in defining the interaction be-
tween solvent and solute molecules (32).

After optimization of the elution solvent for C, SPE,
the wash step had no effect on the measured immunore-
activity. The interfering material, which could be re-
moved by wash, was retained on the sorbent and did not
coelute with the analyte. The immunoreactive concen-
tration after optimized one-step SPE on a C, silica car-
tridge was one-eighth of that found after nonselective
SPE on a C,g silica cartridge. However, the values mea-
sured after optimized one-step extraction with different
antisera were not similar, suggesting the presence of
nonspecific material in the eluates. ) .

The immunoreactive purity of SPE eluate could be
increased in two-step extraction on a C, silica cartridge
by changing both the elution solvent and the incubation
pH of sample after the first extraction. In the immuno-
HPLC profile after two-step extraction, 95% of the total
immunoreactivity comigrated with the authentic 2,3-
dinor-6-keto-PGF,,. The respective values after nonse-
lective and optimized one-step SPE were 75 and 80%,
the rest of the immunoreactivity being found in the area
of authentic 6-keto-PGF,,. However, the immunoreac-
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tive concentration measured in the fractions of authen-
tic 2,3-dinor-6-keto-PGF,, after nonselective and opti-
mized one-step SPE was approximately 10 and 2 times
higher than the respective values after two-step extrac-
tion, indicating the contribution of nonspecific interfer-
ing substances. The low immunoreactive concentration
found after selective two-step SPE supports the as-
sumption that the interfering material present in the
diethyl ether:hexane (85:15, v/v) eluate at pH 3 differs
from that present after optimized one-step extraction
and, after incubation at pH 10, it does not coelute with
the analyte in the second extraction with chloroform.

The change of elution solvent and the incubation pH
of sample in the two-step SPE resulted in an overall
recovery of >75% and almost complete separation of
2,3-dinor-6-keto-PGF,, from 6-keto-PGF,, (>97%). In
addition, prostaglandins D,, E,, F,,, 11-dehydrothrom-
boxane B,, and thromboxane B,, representing fairly
different chemical functionalities and polarities, were
all poorly recovered (extraction efficiencies of 5-25%,
data not shown), supporting the selectivity of the pres-
ent method.

The reliability of two-step extraction was demon-
strated by the good linearity obtained with known
amounts of 2,3-dinor-6-keto-PGF,, added and by the
high reproducibility achieved in a wide range of analyte
concentrations. The validity of the method was further
evaluated by comparing the concentrations measured
with three different antisera. In contrast to optimized
one-step SPE, after which the concentrations obtained
in RIA were dependent on the antiserum reflecting the
unsatisfactory purification capacity of the method, the
high correlations observed after two-step extraction in-
dicated that the selectivity achieved in the extraction,
rather than the unique specificity of a particular anti-
serum, accounted for the immunoreactivity found. The
concentrations of samples measured in RIA after two-
step extraction showed also an excellent correlation
with those measured by gas chromatography-negative
ion chemical ionization-mass spectrometry.

Considerable (up to 13-fold) interindividual varia-
tions in excretion rates of 2,3-dinor-6-keto-PGF,, have
been reported by different groups (9,16,33,34); smoking
(11,35) and the amount of daily sodium intake (27) are
possible explanations for variations. Excretion of 2,3-
dinor-6-keto-PGF,, measured by GC-MS has been in
the range of 38-570 ng/g creatinine (11,15,16,28,33) and
the inhibitory effect of treatment with a high dose of
ASA in the range of 67-77% (33,36). Thus, the values
obtained by our C, SPE-RIA method in human volun-
teers fall well within the range reported by other groups
using GC-MS quantitation.

The foremost advantages of IA methods lie in their
high-sample capacities and high sensitivities. In urine,
due to the presence of a large number of potentially
cross-reacting products of arachidonic acid metabolism
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and unidentified contaminants interfering differently
with different antibodies, the introduction of a purifica-
tion step prior to IA is a prerequisite for obtaining reli-
able results. The elaborated two-step SPE procedure is
a simple and selective method that makes possible the
valid quantitation of urinary 2,3-dinor-6-keto-PGF,, in
a large series of samples by RIA without the need of an
additional TL.C or HPLC purification step.

This type of sample preparation strategy, i.e., optimi-
zation of the properties of the sorbent and the solvent
environment around the solid phase, could also be ap-
plied to purification of leukotrienes, lipoxins, and cy-
tochrome P450 products of arachidonic acid metabo-
lism.
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F-14 Figgelék

Mucha I: Eljéras biolégiai minték 8-izo-prosztaglandin F21
tartalménak radioimmunolégiai meghatdrozéasara és az ehhez
alkalmazott j6d-125 izot6ppal jelzett radioligandum
elgallitasara. Hung. Pat. Appl. 2001. 01. 25., tigyszam: P010038
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A talalmany targya eljaras biologiai mintdk 8-izo-prosztaglandin Fs, tartalminak radioimmunoldgiai
meghatirozésira, melynek soran megmérjik 'Zl-izotoppal jelzett nagy fajlagos aktivitisii 8-izo-
prosztaglandin F,,-szirmazék mint nyomjelz6 anyag (tovabbiakban radioligandum vagy tracer) specifikus
meghatirozandé mintik jelenlétében, majd a standardokhoz tartozé kotSdésvaltozasok ismeretében a
mintakhoz tartozé kotddésvaltozasokbol kiszamitjuk azok hatéanyagtartalmat.

A taldlmény szerint ebben az immunkémiai reakciéban tracerként uj tipust, (I) képleti, '*I-izo-
toppal jelzett, nagy fajlagos aktivitisi 8-izo-prosztaglandin F,-monojéd-tirozin-metilészter szarmazékot
(tovabbiakban '*I-8-iz0-PGF., -TME) alkalmazunk.

A talalmany targya tovabba ezen \j szerkezetii radioligandum elBallitasara szolgalo eljaras.

Ismert, hogy az €16 szervezetekben arachidonsavbél enzimatikus uton t6bb, mint sziz nagy-
hatasu bioaktiv anyag (prosztaglandinok, tromboxanok, leukotriének, lipoxinok, mas hidroxi-zsirsavak)
keletkezik. Az utobbi évek jelentds kutatisi eredményeként azonban ismertté valt az is, hogy
arachidonsavboél prosztanoidok nemcsak enzimatikus uton keletkezhetnek, hanem kozvetlen oxidacidval is.
Az igy keletkezd vegyiiletek az enzimatikusan képz6d6 prosztaglandinok enantiomer formai, amelyeket
izoprosztanoid altalanos névvel jelélnek. Mennyiségiik egyenes aranyban all a szervezetben 1évd oxidativ
szabadgyokok mennyiségével, ezért meghatirozasuk a korszerii orvosbioldgiai kutatisokban kiemelt
fontossagh. Az izoprosztanoidok, éppen tigy, mint maga az arachidonsav, foszfolipid-észter formaban is
létezhetnek, tehat szabad és kotott frakcidjuk is van, mig az enzimatikus uton keletkezd prosztanoidok a
bioldgiai rendszerekben Gsszetett lipidekben nem fordulnak eld, csak szabad savként. Az oxidativ statusz
kisérletes vizsgalatdban mind a szabad, mind a total (szabad + foszfolipidben kotott) izoprosztanoid
koncentricié mérését alkalmazzak.

Az izoprosztanoidok legkorabban felfedezett képviselGje a (IIT) képlet szerinti 8-izo-prosztaglandin
Faq (a tovabbiakban 8-izo-PGFa,). (A szakirodalomban hasznalt egyéb megnevezései: 8-epi-prosztaglandin
Faa, iPF2,-III). A biologiai rendszerekben enzimatikus uton keletkezd prosztaglandin Fa,-tl abban tér el,
hogy a hepténsav oldallanc a ciklopentan gyiiriihéz (a C8 pozicidban) nem alfa, hanem béta térallasban
kapcsolddik.

Az 8-iz0-PGF», a biolégiai rendszerekben - mas arachidonsav-metabolitokhoz hasonléan - igen kis
koncentréciéban (kisebb, mint 10-12 mol/l) fordul eld, igy mérésére csak a legérzékenyebb eljarasok
alkalmasak.

Az ismert miiszeres analitikai modszerek koziil ilyen a témeg-spektrometria, amelynek nagyon sok
kivitelezési formaja terjedt el. Ezt tekintik a legpontosabb, legmegbizhatobb mennyiségi analitikai
modszemek. Az eljaras azonban igen draga berendezéseket igényel, és a bioldgiai anyagok méréshez vald
elokeészitése is koltség- és idGigényes.
nagy szamban végzendd gyors, olcso, kellé érzékenységii és megfeleld pontossagu meghatarozasira csak az
antigén - antitestk6tddésen alapulé immunoassay moédszerek johetnek szamitasba. Kis molekuldji anyagok
esetében az un. ,,vetélked6™ eljaras alkalmazhatd, amelyben alland6 (és limitalt) koncentracidji antitestet
(standarddal, illetve a mérendd mintaban lévd antigénnel) reagiltatva, a tracer antitesthez vald kotédési
aranya a rendszerben 1évo jeloletlen antigén mennyiségének fiiggvényében valtozik.

A vetélkedd immunoassay modszerek legrégebben ismert, elterjedt valtozata a radioimmunoassay
(RIA) eljaras, amelyben az antigén jelzésére magas fajlagos aktivitasi radioizotopot hasznalnak.

Ilyen célra eddig kizardlag triciummal jelzett 8-izo-PGFa.-t alkalmaztak, amelynek kidolgozasara
két szakirodalmi forras ismert (Prostaglandins Leukot Essent Fatty Acids 58: 319, 1998; J Pharmacol Exp
Ther 275: 94, 1995). A triciummal jelzett traceren alapulé RIA médszer sikeres kutatisi fethasznélasardl
ugyancsak ismertek szakirodalmi adatok (pl. Prostaglandins Leukot Essent Fatty Acids 61: 203, 1999; J
Vasc Res 36, 486, 1999; Prostaglandins Leukot Essent Fatty Acids, 63: 149, 2000).
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A triciummal jelzett tracerek éltalaban jol alkalmazhatok RIA meghatirozisra. Elméleti elényiik,
hogy un. ,homolég” immunoassay rendszert képeznek, mivel a tracer és a jeldletlen ligandum kémiailag
azonosak. Tovabbi elényiik, hogy a triciummal éltaldban elérhetd az a fajlagos aktivitas, amely a sziikséges
és elvart érzékenységet biztositja. A prosztanoidok ebbdl a szempontbé! kiilondsen elonydsek, mert
megfeleld bioszintetikus moédszerrel egyetlen molekulaba akar 8 triciumatom is beépithetd, igy a tracer
magas (mintegy 8 TBg/mmol; nagyobb, mint 200 Ci/mmol) fajlagos aktivitassal allithato el6.

A gyakorlati alkalmazasnal el6nyt jelent, hogy az izotop viszonylag hosszii (mintegy 12 év) felezési
ideje miatt a tracer stabilnak tekinthetd, és az ilyen traceren alapulé RIA-k pontossaga, reprodukalhatosaga
ennek eredményeképpen altalaban igen jo.

A triciummal jelzett RIA-k altalianos hatranya, hogy a tracerek el6allitisa bonyolult, soklépéses
kémiai szintézist igényel, amely csak specidlisan erre alkalmas laboratériumban végezhets. Altaldnos
hatrany az is, hogy a tricium mérése koltséges, munkaigényes, a kornyezeti radioaktiv hattér-
szennyezésekre igen érzékeny, és a mérési ido is hosszu.

A 8-iz0-PGF,, célvegyiiletre a fenti szakirodalmi forrasokban ismertetett triciumos RIA rendszer
esetében specidlis hatrany, hogy a tracer eléllitdsahoz hasznalt szintézis-mddszerrel csak egy triciumatom
épiil be a célvegyiiletbe, ezért a fajlagos aktivitas alig tobb, mint egytizede (0,888-0,925 TBq/mmol; 24-25
Ci/mmol) a fent emlitett maximumnak.

A teljesség kedvéért meg kell emliteni, hogy a radioizotopokra épiild6 RIA médszer szamos esetben
eredményesen helyettesithetd nem-radioizotopos eljarassal is. Ennek egyik valtozatiban, az enzim-
immunoassayben (EIA), a radioaktiv tracer helyett enzimmel jel6lt antigén-szarmazékot alkalmaznak. A 8-
izo-PGF,, mennyiségi meghatdrozisara ilyen modszert ismeriink a szakirodalombdl (J Pharmacol Exp
Ther 275: 94, 1995), illetve az ugyanezen eljarasra épiilé mérérendszer kereskedelmi termékkeént is kaphato
(Cayman Chemical Co., Ann Arbor, Michigan, USA). Az EIA médszer alkalmazasardl tobb szakirodalmi
forrast (pl.: J] Pharm Exp Therap., 269: 1280, 1994; J Neurosci Methods 68: 133, 1996; Methods Mol Biol
105: 201, 1998; Anal Biochem 272: 209, 1999; Am J Respir Crit Care Med 162: 1175, 2000) ismeriink.
Az ismert ELISA mddszer elonye, hogy kelléen érzékeny, és nem igényel radioaktiv anyagot. A mérési
elvébol kovetkezen azonban pontossdga nem éri el a RIA pontossagat, gyakorlati hitranya pedig az, hogy
a csak radioizotépos méréstechnikaval ellatott laboratériumnak ilyen technikara valo felszerelése jelentds
beruhazast igényel.

Triciummal jelzett tracer helyett szdmos kismolekuldju bioaktiv anyag esetében eredményesen
alkalmaznak '#I-izotoppal jelzett tracereket is. Ezeket olymédon nyerik, hogy az alapmolekulibél
elézetesen olyan - rendszerint aromas csoportot tartalmazé — szirmazékot allitanak el, amelyekre a '*I-
izotdp iranyitottan épithetd be.

A Pl-izotdppal jelzett tracer alkalmazasanak igen nagy elénye, hogy a jelolendd alapmolekula
triciummal jelzett formajanak bonyolult, kéltséges el6allitasara nincs szitkség. A radiojodos jelzés feltételei
a bioldgiai-kémiai kutatohelyek nagy részében rendelkezésre allnak, mig a triciummal végzett
szerveskémiai miiveletek csak erre specialisan felszerelt izotdp-laboratériumban (méginkabb izotop-
iizemben) végezhettk el.

RIA-felhasznalds szempontjabdl a 'ZI-izotop rovid (60 nap) felezési ideje némileg kedvezdtlen a
triciumhoz képest, ezt a hatranyt azonban az elérhetd 37 — 74 TBq/mmol (1000 - 2000 Ci/mmol) fajlagos
aktivitasbol adodd rendszerint nagyobb érzékenység €s az egyszerii, olcsé méréstechnika kompenzilja. A
151.izotop alkalmazisa gazdasagos; a tracer viszonylag alacsony eldallitasi koltséggel kozvetlenil a RIA
felhasznalas helyén el6allithatd, mig a triciummal jelzett tracereket altaldban igen dragan, kereskedelmi
termékként kell megcasarolni. A jod-125 jelzés tovabba olyan laboratériumokban is lehetdvé teszi a RIA
moédszer hasznalatat, ahol a tricium-izotop méréséhez szitkséges draga berendezés nem all rendelkezésre,
vagy ahol a RIA mérés-technikai feltételeit az egyéb anyagok mérése miatt eleve csak '“I-izotopra hoztik
létre.

A talilmany célja tehat olyan RIA eljaras kidolgozasa, mellyel a 8-izo-PGF», koncentracidja
egyszeriien, pontosan és érzékenyen meghatarozhatd, gy, hogy triciummal jelzett 8-izo-PGFa, helyett '*I-
izotoppal jelzett tracert alkalmazunk.
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A taldlmany alapja az a felismerés, hogy a 8-i20-PGF,, radioimmun meghatirozasa is lehetséges
j6d-125 izotép felhasznalasaval, ha az alapmolekulahoz tirozin-metilészter csoportot kapcsolunk, és ezt
mint prosztetikus csoportot jod-125 izotoppal jeloljik, majd az igy kapott () képletii, '*I-izotoppal jelzett,
nagy fajlagos aktivitist, 1j tipusi 8-izo-PGFo-TME szarmazékot alkalmazzuk az immunkémiai
reakcioban. Ez a felismerés nem magat6l értet6dd, ugyanis mig a triciummal jelzett tracer kémiai
szerkezete azonos az inaktiv liganduméval, addig a 'I-tracer eldallitisa az alapmolekula kémiai 4talakuli-
saval jar, tehat a radioligandum és az inaktiv ligandum kémiailag kiilénboz6k (an. ,heteroldg
radioimmunoassay”). Ennek alapjan nem sziikségszerii, hogy a '“I-izotéppal jelzett szirmazékot a
specifikus antitest antigénként felismeri.

A taldlminy tirgya tehat eljaras biologiai mintdk 8-izo-prosztaglandin F,, tartalmanak
radioimmunolégiai reakcién alapulé meghatirozasira ismert mennyiségii, higitisi sorozat szerint
kiilonb6z6 koncentracioji standard 8-izo-prosztaglandin Fa, és a meghatarozandé biolégiai mintak jelen-
1étében, melynek soran megmérjiik tracernek specifikus antitesttel vald két6dését, és az ismert mennyiségii
standard 8-izo-prosztaglandin F, higitdsi sorozat altal okozott k&tédésvaltozasbdl szdmitjuk a minta
hatbéanyagtartalmat, olyan médon, hogy triciummal jelzett tracer helyett a taladlmany szerint elGallitott, )
tipust, 'ZI-izotéppal jelzett, nagy fajlagos aktivitasa, (I) képletii 8-izo-prosztaglandin Fae-monojéd-tirozin-
metilészter szarmazékot alkalmazunk.

A taldlmény szerint a mérést Ggy végezziik, hogy a mérendS biolégiai mintdkb6l a hatdanyagot
megfelel6 médszerrel kivonjuk (illetve a sziikséges mértékig tisztitjuk), majd a higitasi sorozat szerint
kiilonb6z0, ismert mennyiségii inaktiv 8-izo-PGF», standard oldatokat, valamint az ismeretlen mintakat
specifikus antitesttel és '*I-8-izo-PG Fa,-TME tracerrel inkubaljuk, majd az antitesthez katétt, illetve nem-
kotott frakciokat elvalasztjuk, és mérjitkk a kotott frakcid radioaktivitasat. A kapott radioaktivitds
értékekbdl az ismeretlen mintdk altal okozott kétédésvaltozasokhoz tartozé koncentracidkat kiszamitjuk.

Altaldban 10000 és 60000, elény6sen 20000 és 40000 cpm kozotti beiitésszami tracert
alkalmazunk, melyet célszeriien pufferben oldunk.

A puffer-oldat elényésen 0,1 % zselatint tartalmaz6, 0,01 - 0,2 molos, célszeriien 0,05 mdlos, 7,4
pH-ju vizes foszfat puffer.

Az oldat konkrét 6sszetételétdl fiiggben az inkubacios homérséklet 0 és 40 °C kozotti, elénydsen 0 °C
koériili, az inkubalas ideje az adott hémérséklettdl fliggden 0,5 és 24 ora kozotti, elénydsen 15-24 ora kozott
valtozik.

A modszerhez sziikséges specifikus antitestet elénydsen nyilban termelhetjitk. Ehhez 8-i20-PGFao-t
alkalmas hordozofehérjéhez - elényésen pl. szarvasmarha szérum albuminhoz - kétiink, és a nyulakat ezzel
valasztjuk meg, hogy az adott elvilasztd reagens és inkubacios id6 mellett a standard 8-izo-PGFa.-t nem
tartalmaz6 mintakban a tracer 20-80, elonyésen 30-60%-a k6t6djon az antitesthez.

A moédszerhez standard anyagként 8-izo-PGF,,-t alkalmazunk, amelyet higitasi sorozat szerint
készitiink el.

A tracer kotétt és szabad frakcidinak elvalasztasara elonyosen 0,5 % dextrant és 1 % csontszenet
tartalmazo 0,01 moélos foszfat-puffert (pH 7,4) alkalmazunk, amely a szabad radioligandumot megkéti, és
a centrifugalassal kapott feliilliszé tartalmazza az antitesthez kotott tracert, amelynek radioaktivitasat
szcintillaciés modszerrel mérjiik.

A taldlminy targya tovabba eljaras a radioimmun meghatirozashoz sziikséges (I) képletii, nagy
fajlagos aktivitasu, jod-125 izotoppal jelzett 8-izo-PGFaq-monojodtirozin-metilészter (8-izo-PGF2o-TME-
'2]) elballitasara.

A taldlmany szerint az (I) képletii radioligandumot ugy allitjuk el6, hogy a (II) képletii 8-izo-PGF2,-
TME szarmazékot nagy fajlagos aktivitasii, (kb. 74 TBg/mmol; 2000 Ci/mmol) Na'*I-dal reagaltatjuk,
célszeriien kléramin-T (para-toluol-szulfokléramin-natriumsé) reagens jelenlétében, pufferolt kézegben
(elényosen 7 folotti pH értéken), rovid (10 - 200 masodperc), elénydsen 30 - 60 masodperc reakcididovel,
ugy, hogy a (IT) képletii 8-iz0-PGF,,-TME szarmazékot a Na%I-hoz képest 20 - 200, elonydsen 30 - 50-
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szeres mélaranyban alkalmazzuk, és a reakcididét ugy szabalyozzuk, hogy megfelelé idépontban a rend-
szerben kléramin-T hatisira képzddo reakcioképes oxidalt jodot natrium — metabiszulfit hozzdadasaval
jodid ionna redukaljuk. Az (I) képletii célvegyiilet szintéziséhez célszeriien foszfat puffert alkalmazunk, a
(IT) keépletii anyagot célszeriien etilalkoholos oldatban adjuk a reakcidelegyhez oly médon, hogy az etanol
végkoncentracidja a 20 %-ot ne haladja meg. Az (I) képletii célvegyiilet elballitisanak legfontosabb lépése
az el6allitani kivant monoj6éd-szarmazék elvalasztisa az egyéb jodjelzett szarmazékoktol, valamint a
reakcid befejez6dése utan a nagy kiindulasi mélfelesleg miatt még mindig nagy feleslegben 1év6 (IT) képletii
kiinduldsi anyagtol. Erre célszeriien adszorpciés oszlop-kromatografiat alkalmazunk, melyet Ggy végziink,
hogy a reakcidelegyet Sephadex LH-20 oszlopra felvisszikk, és ndvekvd etanol koncentracidju
etanol:natrium-citrat (pH 4,0) kétkomponensii oldoszereleggyel eludljuk a kiilonb6zd jodjelzett
szarmazékokat, mikozben az effluens radioaktivitisat folyamatosan mérjiik, és az ezzel aranyos jelet
regisztral6 késziilékkel rogzitjiik.

A talalmény szerint célszeriien a kovetkezé oldoszereket alkalmazzuk: tiszta citratpuffer (0,2 mélos,
pH 4.0), majd 1 mdlos citratpuffer (pH 4,0) és etanol 4:1 aranyu elegye, ahol a tiszta végterméket az
utébbi frakcidban kapjuk meg. Az olddszerek szitkséges térfogata az aktudlis, és az elvalasztas kozben
folyamatosan regisztralt eliciés profil és a képzddott jelzett vegyiiletek Osszetételének (aranyanak)
fuggvénye, altalaban a tiszta citratpufferbdl 40 - 70 ml-t, a 4:1 aranyu citratpuffer:etanol elegybdl pedig 30
- 60 mi-t alkalmazunk.

A (II) képletii vegyiiletet a (IIT) képletii 8-izo-PGFxq és a (IV) képletil tirozin-metilészter reakcidjaval
allitjuk el6 oly modon, hogy a 8-izo-PGFae-t 1-5, elényésen 2-4 mdlaranyu tirozin-metilészterrel
reagaltatjuk, 1-5, elény6sen 2-3 molaranya 1-etil-3-(3'dimetil- aminopropil)-karbodiimid-hidroklorid
reagens jelenlétében, célszeriien vizes tetrahidrofuranban, 0-50 °C-on, elénydsen szobahdmérsékleten, 3-40,
elényosen 20-24 6ra id6tartamig. Az oldoszert vakuum-desztillacioval eltavolitjuk, a maradékot célszeriien
etil-acetitban oldjuk, majd az etil-acetatos oldatbol hig savas extrakcioval, célszeriien 0,1 n sésavval
kimossuk a valtozatlan tirozin-metilésztert, hig ligos, célszeriien 0,1 n NaOH-os extrakci6val pedig az el
nem reagalt (III) képletii vegyiiletet.

A nyersterméket célszeriien vékonyréteg-kromatografids aton tisztitjuk, célszeriien olyan szilikagél
rétegen, amely fluoreszcens indikatort tartalmaz, a kifejlesztd oldoszerelegy pedig célszeriien
kloroform:metanol:viz 90:10:1 térfogataranyi elegye. A terméket 254 nm-es UV-fénnyel megyvilagitva
mutatjuk ki.

A talalmanyt részletesebben konkrét példak alapjan ismertetjiik, amelyekre a taldlmany oltalmi kére
természetesen nem korlatozédik.

1. példa

A jodjelzéshez haszndlt (II) képletii koztitermék elddllitdsa

1,95 mg (5,5 mikromél) (II) képleti 8-izo-PGFp.-t, 3,35 mg (17,5 mikromdl) 1-etil-3-(3'-dimetil-
aminopropil)-karbodiimid-hidroklorid-ot és 4 mg (21 mikromél) tirozin-metilésztert egyszerre bemériink,
hozzaadunk 200 ul desztillalt tetrahidrofurant és 50 pl desztillalt vizet. Az elegyet szobah6fokon 24 éran at
kevertetjiikk, majd az olddszert csokkentett nyomason ledesztillaljuk, a maradékot 30 ml etil-acetatban
feloldjuk, és razotolcsérbe éntjiikk. Ezt az oldatot sorrendben 3x2 ml 0,1 n sésavval, 3x2 ml vizzel, 3x2 ml
0,1 n natrium-hidroxiddal és 3x3 ml vizzel §sszerazzuk. Minden &sszerdzas utin a vizes fazist elvalasztjuk
és elontjik. Az utols6 mosds utin az etil-acetitos oldatot forgdbeparlé késziiléken (Biichi, Svajci
gyartmany) vakuumban beparoljuk. A maradék fehér, kristalyos anyagot 100 pl etil-alkoholban oldjuk,
majd 0,25x200x100 mm méretii Kieselgel 60 F 254 (Merck, NSZK gyartmany) szilikagél rétegre 3 cm-es
savban felvissziik, és kloroform:metanol:viz 90:10:1 térfogatardnyi elegybe helyezve a kromatogrammot
kifejlesztjiik. Kifejlesztés utan a réteget hideg levegdvel szaritjuk, majd 254 nm hullimhosszi ultraibolya
fénnyel megvilagitva a foltokat lathatova tessziik. A 0,245 Rf értékii folt helyén a réteget lekaparjuk, 10 ml
etil-alkoholt tesziink rd, és 1 6ra varakozis utdn {ivegsziirén sziirjilk. A sziirén 1évo gélt 2x5 ml etil-
alkohollal mossuk, az alkoholos oldatokat egyesitjiik, forgobeparlon szirazra paroljuk, és mérjiik a termék
stlyat, majd etil-alkohollal térzsoldatot készitiink beldle.
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A kapott (IT) képletii termék témege a kromatografids tisztitis utdn 412 pg, ami 14,2 % kitermelésnek-felel
meg.

2. példa

Az (1) képletii céltermék eléallitdsa

Az 1. példa szerint kapott 8-izo-PGF2,-TME szarmazék 100 pg/ml koncentracioji etanolos oldatabél 30
pl-t (6,5 nmol) 1 ml-es talpas Eppendorf cs6be pipettdzunk, hozzaadunk 100 ul 50 mM foszfat puffert,
(pH 7,4) és 74 MBq radioaktivitasi hordozomentes Na™I oldatot (Izotép Intézet kft. terméke). Az elegyet
6sszerazzuk, majd 50 ul, 10 mg/ml koncentraci6jii natrium-metabiszulfit oldatot eldre felszivunk a reakcié
leallitasahoz. Az elegyhez ezutin hozzapipettizunk 25 pl 5 mg/ml koncentraci6ji kléramin-T reagens
oldatot, az elegyet dsszerdzzuk, és pontosan 60 masodperc mulva az eldre elkészitett natrium-metabiszulfit
oldat hozzdadasaval a reakciét befagyasztjuk.

Az elegyet ezutan oszlopkromatografids modszerrel valasztjuk el, a kovetkez6képpen:

Sephadex LH-20 (Pharmacia, Svéd gyartmany) gélt desztillalt vizben 24 6rat duzzasztunk, majd 20x1 cm
méretli, alul elvezetd, felill bevezetd csGvel ellatott iivegesdbe toltjiikk, alkalmas olddszer-adagold
perisztaltikus pumpaval (LKB, Svéd gyartmény) 6sszekapesoljuk, mintegy 10 percig egyensilyba hozzuk
0,2 molos citromsavval (pH 4,0) mintegy 0,5 ml/perc aramlasi sebességgel. Az igy elokészitett hordozéra a
reakcidelegyet felvissziik, és az eliciot az el6z0 oldoszerrel folytatjuk. Az eluens radioaktivitisat
folyamatosan detektaljuk oly moédon, hogy az oszlop elvezetd csovét Olommal arnyékolt Nal(Tl)
szcintillaciés kristadly (Gamma gyartmany) el6tt vezetjilkk el, a kristalyt pedig szimlalé berendezéssel
(Gamma gyartmany) és vonaliréval (Gamma gyartmany) kétjik Ossze. Az effluenst mérShengerbe
gytjtjiik, az el6z6 eluensbodl 40 - 70 mi-t alkalmazunk, majd 1 molos citromsav (pH 4) és etil-alkohol 4:1
aranya elegyével gyiijtjik a kivant terméket a detektald késziilékben megjelené csiics szerint. A
radioimmun meghatarozishoz a csics kozepének megfelelé mintegy 5 ml-es frakciét valasztjuk kiilon.
Ennek radioaktivitasa 16,3 MBq, ami 22 % radioaktiv hozamnak felel meg. (A hozam természetesen az
elérhet6nél lényegesen alacsonyabb, mivel a terméknek csak egy része keriil gyiijtésre.)

3. példa:

Humdn vérplazma totdl 8-izo-PGF,, tartalmdnak meghatdrozdsa
a) lépés  Teljes-lipid extrakcib

1 ml plazmahoz hozzaadunk 5 ml kloroform:metanol (3:1 térfogataranyu) elegyet, majd razétolcsérbe
ontjiik, 6sszerazzuk, €s a szerves oldoszeres fazist elvalasztjuk, a vizes fazist pedig elontjiik. A kloroformos
oldatot forgdbeparld késziiléken (Biichi, Svajci gyartmany) vakuumban bepéroljuk, majd a maradékot
oldjuk 2 ml metanolban. A metanolos oldathoz hozzaadunk 2 ml 15 %-os kalium-hidroxid oldatot, és 40
°C-os vizfiird6n 1 6ran 4t kevertetjiik. Ezutin az oldathoz IN sésav-oldatot adunk olyan térfogatban, hogy
a pH érték 3 legyen. Az oldatot razétélcsérbe ontjiik, és 3x10 ml etil-acetattal extrahaljuk. Az etil-acetatos
fazisokat egyesitjiik, 3x2 ml vizzel mossuk, majd szdrazra paroljuk forgébeparlo késziiléken az elébbiek
szerint.

b) lépés  Szildrd fazisa extrakcio

A maradékot feloldjuk 4 ml vizben, amelynek pH értéke 3, majd az elegyet injekcids fecskenddbe
pipettazzuk, és atnyomjuk a fecskenddre helyezett, un. "forditott fazisu" szilikagélt tartalmazé miniatiir
oszlopon (Bond-Elut C,s, Varian, USA gyartmany), amelyet el6z6leg a gyarté haszndlati utasitisa szerint
el6készitettiink. A tolteten ezutan ugyanazon fecskenddvel atnyomunk 5 ml desztillalt vizet, 5 ml 10 %-os
vizes etilalkoholt, majd 5 ml n-hexant. Ezeket a folyadékokat elontjitk, majd az oszlopon 5 ml etil-acetatot
nyomunk &t, amelyet milanyag kémcsdbe gyiijtiink. A kémcsé folé nitrogén gazhoz csatlakozd
pipettahegyet helyeziink, és enyhe gazarammal az olddszert elparoljuk. A sziraz maradékot feloldjuk 1 ml
RIA pufferben (6sszetételét 1d. késobb).

c) lépés RIA meghatarozés

A RIA-méréshez 10 ng/ml koncentracidju standard 8-izo-PGF,, torzsoldatbol pufferes higitast
készitiink gy, hogy 1-1 ml térfogati mintakat kapjunk, amelyek hatéanyag-koncentracidja 0,04 - 0,12 -
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0,37 - 1,11 - 3,33 - 10 ng/ml. A standard oldatokbél és a meghatirozandé. mintakb6l 100-100 pl-t
sorszamozott miianyag kémcsévekbe automata pipettaval bemériink, majd hozzaadunk 100 ul antiplazmat
olyan higitasban, amely a tracernek 30 - 40 %-at képes megkétni. Ezutan valamennyi csébe bepipettdzunk
100 ul (I) képletii tracert, amelynek radioaktivitasa 30000 - 40000 cpm/100 ul. A nem-specifikus kétddés
(NSB) meghatarozasara tovabbi kémcsévekbe az antiplazma helyett 100 pl tiszta puffer oldatot tesziink,
mig a specifikus kotddés (B,/T) és a teljes radiokativitas (TC) meghatarozisara a standard oldatok helyett
is tiszta pufferoldatot adunk az antitesthez.

Minden egyes mérési ponthoz harom parhuzamost (harom azonos reagens dsszetételii kémcsdvet)
hasznilunk, és valamennyi kémcsGben a reakcidelegy térfogatat a szitkséges térfogata puffer
hozzaadasaval 400 pl-re egészitjilk ki. Valamennyi reagens (tracer, antitest, standardok és mintak)
oldasahoz és a térfogatkiegészitéséhez 0,05 molos, 7,4 pH-ju, 0,1 % zselatint tartalmazd vizes foszfat
puffert (RIA-puffert) hasznalunk.

A reagensek Osszemérése utdn a kémcsovek tartalmat kémcsokeverdvel néhany masodpercig
kevertetjiikk, majd lezarjuk, és hiitészekrényben 0 - 4 °C kozétti homérsékleten éjszakan at allni hagyjuk.
Ezutan a TC cs6vekhez hozzaadunk 500 pl hideg RIA-puffert, a t6bbi cs6héz pedig 500 pl csontszén-
szuszpenziét, amelyet a hozziadas kézben jeges-vizes fiirdon magneses keverdvel erdsen kevertetiink. A
szén-szuszpenzié Osszetétele: 0,01 moélos foszfat puffer (pH 7,4) 0,5 % Dextran T-70 (Pharmacia,
Finnorszag) és 1 % Norit-A (Serva, NSZK). A kémcsoveket 10 percig 0 °C-on centrifugaljuk. Ezutin a
feluliszokbol alkalmas mérdcsévekbe 0,5 mil-t pipettizunk, és ezek radioaktivitasit 10 mérdhelyes
Multicalc (LKB, Svédorszag) berendezésen megmérjiikk. A szamitist a méroberendezéssel Gsszekapcsolt
szémitégépes kiérteékeld rendszer automatikusan elvégzi, és megadja a plazmamintak total 8-izo-PGFa,

cre

Sajat vizsgalataink alapjan emberi vérplazmaban a total 8-izo-PGF,, koncentracié 100 — 500 pg/ml koz6tt
valtozik, tehat az 1 ml plazmabdl késziilt 1 ml pufferes oldat higitas nélkiil, kozvetleniil mérhetd.

4. példa:

Humdn vérplazma szabad 8-izo-PGF, tartalmdnak meghatdrozdsa
A 3. példa szerint jarunk el, az alabbi eltérésekkel.

a) lIépés  Teljes-lipid extrakcié

Ez a 1épés elmarad.

b) lépés  Szilard fazisu extrakcié

Ehhez a lépéshez 1 ml plazmamintat az oszlopra felvitel el6tt 4 ml pH 3-as vizzel higitunk, egyebekben a 3.
példa b) 1épése szerint jarunk el.

c) lépés  RIA meghatérozas

Mindenben a 3. példa c) 1épése szerint végezziik.

Sajat vizsgalataink alapjan emberi vérplazmaban a szabad 8-izo-PGF., koncentracio 50 ~ 150 pg/ml
koézott valtozik, tehat az 1 ml plazmabol késziilt 1 ml pufferes oldat higitas nélkiil, kozvetleniil mérhetd.

J. példa: .

Humdn vizelet szabad 8-iz0-PGF ;, tartalmdnak meghatdrozdsa

A 3. példa szerint jarunk el, az alabbi eltérésekkel.

a) lépés  Teljes-lipid extrakcié

Ez a 1épés elmarad.

b) lIépés  Szildrd fézisu extrakcié

Ehhez a lépéshez 1 ml vizelet-mintit az oszlopra felvitel elétt 4 ml pH 3-as vizzel higitunk, egyebekben a 3.
példa b) 1épése szerint jarunk el.



¢) lépés  RIA meghatdrozés
Mindenben a 3. példa c) lépése szerint végezzik.

Sajat vizsgalataink alapjan egészséges emberek vizeletében a 8-izo-PGF», koncentracidja 200 - 1200
pg/ml kozott valtozhat, tehat az 1 ml vizeletbdl kapott 1 ml pufferes oldat higitds nélkiil, kézvetleniil
mérhetd. Extrém esetekben (pl. erés dohanyosokban) ez az érték akar tizszeresére is megnéhet, ebben az
esetben a RIA mérés el6tt a mintat célszerii Ot-tizszeresére higitani. Mas kezelések esetén a sziikséges
higitast el6kisérletek alapjan kell megallapitani.

6. példa

Totdl 8-izo-PGF,, tartalom meghatdrozdsa patkdny mdjszévetben
Lényegében a 3. példa szerint jarunk el, az alabbi valtoztatasokkal.

a) lépés  Teljes lipid extrakcié

A kiindulé minta 0,5 g szovet, amelyet 5 ml kloroform:metanol (3:1 térfogataranyu) eleggyel
homogenizalunk, a homogenizatumot centrifugaljuk, majd a feliiliszoval elvégezziik a 3. példa a) lépésében
leirt tovabbi miiveleteket.

b) Iépés  Szildrd fazisu extrakcio
Mindenben a 3. példa b) lépése szerint jarunk el.
c) lépés  RIA meghatérozés

Mindenben a 3. példa c) lépése szerint jarunk el.

A fenti médszer killonféle kisérleti allatok (pl. patkany, egér, nyil) szoveti 8-izo-PGF;, tartalmanak
meghatirozasara altalanosan alkalmazhat6. A széveti koncentracio allatfajonként és a kezeléstdl fiiggen
tag hatarok kozétt valtozik, igy a feldolgozandd szovet célszerii tomegét, és az optimalis higitasokat
eldkisérletekben meg kell hatirozni. A példa szerinti patkiany majban sajat méréseink szerint 1 g nedves
szovetben 6 - 12 ng 8-izo-PGF,, mérhetd, amelyhez a példa szerint 0,5 g szovet elegendd, és az extrakcio
utini mintak 6tszorés higitasabol torténhet a RIA-meghatarozas. (Oxidativ anyagok (pl. szén-tetraklorid)
hatasira ugyanezen szovetben ez az érték akar szazszorosara nhet, ebben az esetben a vizsgalando szovet
mennyisége csokkenthetd, illetve a higitds aranyosan novelhetd.)

7. példa

Specifikus 8-izo-PGF», antiplazma_elddllitdsa nyilban

Az eljarashoz 5 mg szintetikus 8-izo-PGF;, -t (Cayman Company, USA gyartmany) alkalmazunk,
amelyet 20 mg szarvasmarha-szérumalbuminhoz (BSA, lyophilized and crystallized powder, Sigma, USA
gyartmany) kémiailag kétiink, az Eicosanoids 4, 1, 1991 irodalommal megegyez6 eljiras szerint. Az igy
nyert immunogén fehérjével 3 db him, ij-zélandi fehér nyulat kezeliink az alabbiak szerint:

1 mg fehérjét 0,5 ml fiziolégias sooldatban (0,9 %-os vizes NaCl-oldat) oldva, 0,5 ml komplett
Freund adjuvanssal (Sigma, USA gyartmany) intenziven sszekeveriink, majd a kapott emulziét a kisérleti
allat hatbérébe oltjuk 40 - 60 oltasi ponton egyenletesen elosztva. 1 honapos id6kézonként a fenti kezelést
megismételjiikk olyan mddon, hogy 1 mg helyett 0,5 mg fehérjét alkalmazunk, és a komplett Freund
adjuvanst inkomplett Freund adjuvanssal (Sigma, USA gyartmany) helyettesitjiikk. Ezt a kezelést havonta
megismételjiik, és a kezelések utian 10 nappal az allatok fiilvénajabdl 10 ml-es miianyag kémcsGbe elére
elészitett - a leveendé vértérfogat egytizedének megfeleld - 20 %-os etilén-diamin-tetraecetsav-natriumso
(EDTA, Reanal gyartmany) oldatra 1 - 2 ml vémintat veszink. A levett vért 1000 fordulat/perc
sebességgel centrifugaljuk, a vérplazmat elvalasztjuk, és az altalinos RIA-eljarasoknak megfelelden az
alabbiak szerint mindsitjiik:

- Megmérjiik a minta kotoképességét (“titerét") a talalmany szerinti '*I-jelzett tracerrel.

- A fentick szerint meghatirozott antiplazma-higitasban standard gorbéket készitiink, gy, hogy
standard anyagként 8-izo-PGF,,-t (a Cayman Chemical Co., USA gyartmanya) alkalmazunk.
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A mérési adatok alapjén az oltasokat mindaddig folytatjuk a fent leirtak szerint, amig olyan antiplazmét
nem nyeriink, amely a talalmany szerinti  I-jelzett tracert ésszeriien nagy (pl. nagyobb, mint tizelz%rszeres)
higitasban képes megkotni, ez a higitasi fok ismételt oltasok hatisara tovabb mar nem né, és a  I-jelzett
tracer kétddése standard 8-izo-PGF,,-val gétolhato.

A talalmany szerinti eljaras elonyeit a kovetkezokben foglaljuk &ssze:

Az alkalmazott radiokémiai szintézis segitségével kedvezo feltételek kozott eldallithato az (I) képletii
8-izo-PGF>, monojod-tirozin-metilészter szirmazék, és ez sziikségtelenné teszi a triciummal jelzett 8-izo-
PGF;, eléallitasat. A taldlmany szerinti szintézismodszerekhez sziikséges miiszaki feltételek a korszerii
laboratériumokban széles kérben rendelkezésre allnak, ellentétben a triciumra épiil6 eljarasokkal, amelyek
specidlis miiszaki feltételeket igényelnek. A talalmany szerinti tracer tehat kozvetleniil a felhasznalas
helyén, gazdasagosan el6allithaté, mig a triciummal jelzett tracert kereskedelmi forgalombdl kell jelentds
koltségen beszerezni.

Az alkalmazott szintézis, melynek soran a 8-izo-PGF, alapmolekulat jodjelzésre alkalmas
oldallanccal kapcsoljuk, meg6rzi az alapmolekula immunoldgiai tulajdonsagait, tehit a 8-izo-PGFz,
alapmolekulara specifikus antitestek a '2*I-8-izo-PGFz, -TME szarmazékot is képesek megkdtni.

A taldlmany szerinti elvalasztasi mddszer elénye, hogy az alkalmazott apoldros dextrin gélen a
jodjelzett szarmazeékok adszorbcids készsége jelentdsen meghaladja a kiindulasi (II) képletii inaktiv
anyagét, ily médon az (I) képletii célvegyiilet - amelyet még hatdsos jodbeépiilés mellett is jelentds
mennyiségii (II) képletii kiindulasi anyag szennyez- teljes biztonsaggal valaszthatd el, és ezzel a talalmany
szerinti radioimmun meghatarozashoz sziikséges magas fajlagos aktivitas biztosithatd.

Kiilén elonye a talalmany szerinti elvalasztasi modszernek, hogy a radiojodos jelzés soran a nyitott
radioizotépos miiveleteknél kiemelten fontos sugarvédelmi biztonsagi elbirasok kénnyen teljesithetdk, és a
radioaktiv inkorporacié veszélye minimalisra csékkenthetd.

Mindezek alapjan a taldlmany szerinti uj, jod-125 izotoppal jelzett tracer alkalmazasa lehetdvé teszi,
hogy a 'Pl-izotép alkalmazisabél adodé altalinos gyakorlati elényok - egyszeriiség, gyorsasag,
gazdasagosssag, elterjedt méréstechnikai feltételek, automatizaltsig - a 8-izo-PGF,, tartalom
radioimmunolégiai meghatarozasaban is kiaknazhatéva vélnak.
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Szabadalmi igénypontok

Eljaras biologiai sz6vetminta (testszévet, vérplazma, vérszérum, vizelet, stb) 8-izo-prosztaglandin
F,, tartalmanak radioimmunoldgiai reakcion alapulé meghatdrozasara ismert mennyiségii, higitasi
biolégiai mintak jelenlétében, melynek soran megmérjitk tracernek specifikus antitesttel vald
ko6todését, és az ismert mennyiségii standard 8-izo-prosztaglandin F», higitasi sorozat altal okozott
kétédésvaltozasbol slzzénﬁtjuk a minta hatéanyagtartalmit, azzal jellemezve, hogy
tracerként 4j tipusi, I-izotoppal jelzett, nagy fajlagos aktivitasu, (I) képletii 8-izo-prosztaglandin
F»,-monojdd-tirozin-metilészter szarmazékot alkalmazunk.

Az 1. igénypont szerinti eljaras, azzal jellemezve, hogy 3000 és 100000, eldnydsen
10000 és 60000 cpm kozotti beiitésszami, nagyobb, mint 40 TBg/mmol, elényésen 74 TBg/mmol
fajlagos aktivitasu, (I) altalanos képletii tracert alkalmazunk.

Az 1. vagy 2. igénypontok szerinti eljirds, azzal jellemezve, bogy antitestként nyilban -
elényosen szarvasmarha szérum albuminhoz kététt 8-izo-prosztaglandin Fa, mint immunogén anyag
ellen - keletkezett specifikus anti-8-izo-prosztaglandin F», immunplazmat vagy immunsavét alkalma-
zunk, az inaktiv 8-izo-prosztaglandin Fp4-t nem tartalmaz6 mintaban a tracer 20 - 80, elonyésen 30 -
60 %-at megkdtni képes koncentracioban.

Eljaras (I) képletii '»I-8-izo-PGF,,-TME eld4llitasara, azzal jellemezve, hogy (II) képletii
8-iz0-PGF,,-TME-t pufferolt kozegben jodid ionokbol elektrofil jodot képezd reagens, elonyésen
para-toluol-szulfokléramin-natriumsé jelenlétében Na'™®’I-dal reagaltatjuk.

A 4. igénypont szerinti eljaras, azzal jellemezve, hogy az (I) képletii terméket a (II)
képletii 8-izo-PGF,,-TME-t6l a fajlagos aktivitds csokkenése nélkiil, kromatogrifias mddszerrel
valasztjuk el.

A 4. vagy az 5. igénypont szerinti eljards, azzai jellemezve, hogy az (I) képletii célve-
gyiilet eléallitasdhoz 8-izo-prosztaglandin F,,, tirozin-metilészter és 1-etil-3-(3'-dimetil-aminopropil)-
karbodiimid-hidroklorid vizes tetrahidrofuranban t6rténd reagaltatasaval elGallitott (II) képletii
reakci6termékbdl indulunk ki.
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Szolgalati talalmany

Eljaras biolégiai mintik 8-izo-prosztaglandin F,, tartalmanak
radiocimmunolégiai meghatarozasira és az ehhez alkalmazott j6d-125

izotéppal jelzett radioligandum elgallitisira

Bejelentd:

Izotop Intézet Kft., Budapest
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Dr. Mucha Istvan, Budapest
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KIVONAT

A talalmany megjavitja a biologiai kézegmintak 8-izo-prosztaglandin F,, tartalmanak
radioimmun meghatarozasat, annak révén, hogy ehhez az antigén-antitest kotésen alapuld
immunkémiai reakcidohoz a taldlmany szerint kedvezd feltételek kozoétt eldallithatdo uj
szerkezetii radioligandumot, az (I) képletii, ‘*I-izotoppal jelzett, nagy fajlagos aktivitasi 8-
izo-prosztaglandin Fa,-monojod-tirozin-metilészter szarmazékot alkalmazunk. A taladlmany
szerint az (I) képleti radioligandumot ugy allitjuk eld, hogy a (II) képleti 8-izo-prosztaglandin

F2o-monojod-tirozin-metilésztert nagy fajlagos aktivitisi Na'*’I-dal reagaltatjuk.
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SUMMARY

This paper describes a new iodine-125 radioimmunoassay of 9a,11B-PGF,, and its use for the
determination of urinary 9a,11B-prostaglandin F, after a selective one-step solid-phase
extraction.

The newly reported immunoassay is based on the use of '?I-tyrosyl methyl ester derivative of
9a,11B-PGF, and specific polyclonal antibody raised in rabbits. The assay detected as low as
0.85 pg/tube 9a,11B-PGF,, and the antibody showed less than 0.01 cross-reaction with PGF-ring
metabolites (e.g., 8-is0-PGFz, PGFy,, 2,3-dinor-6-keto-PGFq,and 5 more PGF-ring
compounds). Both the intra-assay, and inter-assay CVs were less than 20 % for internal controls
containing low, medium and high concentrations of 9a,11B-PGF,.

Immuno-HPLC analysis showed a very low ratio of specific immunoreactivity in both non-
extracted urine (6.5 %), and in urine extracted on Cis-silica cartridge (14.8 %). By contrast,
approximately 80 % specific immunoreactivity could be achieved by using C,-silica as the
sorbent, acetonitrile:water (15:85, v/v) as wash solvent, and ethyl acetate as eluent of 9a,11p-
PGF,. This extraction procedure enabled a reasonably high extraction efficiency of 80.4 + 0.855
(mean + SEM, n = 82), as determined by 3H-9a,11B-PGF,.

The new SPE/RIA method was applied for the determination of urinary 9a,11B-PGF, values in
50 healthy human volunteers. For the concentration and for the excretion rate 37.52 + 4.61 pg/ml
(mean + SEM), and 3.50 % 0.35 ng/mmol creatinine (mean + SEM), respectively, was measured.
The specificity of the SPE/RIA method was supported by the observed 69 % decrease in 9a,11B-
PGF; excretion rate after acetylsalicylic acid treatment.
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The effect of nicotinic acid, a PGD,-stimulatory agent, was monitored by the urinary excretion of
9a,11B-PGF; in 6 patients, by using the new SPE/RIA method. In patients responding with
flushing symptoms nicotinic acid induced an increase of the urinary excretion of 9a,11B-PGF, in
the range between 11 % and 187 %.

In summary, the combination of the newly developed specific [lzsl] radioimmunoassay with solid-
phase extraction on C,-silica cartridges enables the specific, sensitive, and reliable determination
of 9a,11B-PGF, in human urine without the need for further laborious chromatographic
purification before radioimmunoassay.

Abbreviations: PG, prostaglandin, Tx, thromboxane; PGD,, prostaglandin D,; 9c,11B-PGF,,
9a,11B-prostaglandin F,; SPE, solid-phase extraction; RIA, radioimmunoassay, HPLC, high-
performance liquid chromatography, GC-MS, gas chromatography-mass spectrometry

INTRODUCTION

9a,11B-Prostaglandin F, (9a,11B-PGF,, 11-epi-PGF,,) is a primary metabolite of
prostaglandin D, (PGD,). Unlike other primary metabolites, 9c,11B-PGF, is a bioactive
substance, with an activity profile different from PGD, and PGle'S. The metabolic
transformation of PGD, to 9a.,11B-PGF, represents a potential pathway for the generation of a

biologically active prostanoid in different human'™® and animat® > tissues.

9a,11B-PGF, has long been used for monitoring PGD, production in mast cells. Masto-
cytosis and other disorders characterized by a significant overproduction of PGD, were

demonstrated to be associated with an increased urinary excretion of 9a,1 1B-PGF;6’7'14. Mast

15'20, by the measurement of 9a.,11B-PGF,.
The possible role of PGD; in allergic response has been suggested by multiple groups

which found increased 9a,11B-PGF, upon allergen challenge in sheep bronchoalveolar fluid21, at

cutaneous site of allergic inflammation2>

cell activation was also monitored in asthma patients

3, and in human blood?*,

PGD, has also been demonstrated to be the principal mediator of episodes of flushing and

vasodilatory hypotension after nicotinic acid. Accordingly, an increased 9a,118-PGF, plasma

level was found in patients after niacin or methylnicotinate25'27.

9a,11B-PGF, has an extremely low concentration in biological samples, and its
quantification has been predominantly made by gas chromatography-mass spectrometry (GC-

MS)1’4'9’13'16’20'22’24'26’28'33. GC-MS methods, however, suffer from the drawback of
relatively small sample capacity and the need of multi-step sample preparation. Immunoassay
methods have been introduced as potent alternatives to GC-MS determinations. Out of different

immunoassay versions, radioimmunoassay (RIA) based on tritium labeled tracer was the first

type to be used. Several studies used commercial assay kits? 3134

10-12

, others applied in-house
developed RIA system . After the introduction of commercial enzyme immunoassay (EIA),

this method has been used in multiple studies for the determination of urinary 9a,ll[3-PGF215'

171933 yntit currently, however, no RIA system based on the use of iodine-125 labeled tracer

has been reported.

In the present study we aimed at the development of a new 9a,11B-PGF, RIA system by
the use of iodine-125 as the label, and its application for the determination of urinary 9a.,11p-
PGF, concentration. To this end, we studied the immunoreactive purity of different sample
preparation procedures, with the final objective of finding a solid-phase extraction method that



provides high enough immunoreactive purity without the need of further chromatographic
separation.

MATERIALS AND METHODS

Materials

9a,118-PGF, was purchased from Ultrafine Chemicals (Manchester, England), other
non-labeled prostanocids were obtained from Cayman Chemical Co. (Ann Arbor, MI, USA).
Tritiated 9a,11B-PGF, and PGD, were from Amersham International (Amersham,
Buckinghamshire, England), other *H-prostanoids were produced in the Institute of Isotopes
(Budapest, Hungary). 1-Ethyl-3-(3’-dimethylaminopropyl)-carbodiimide HCl was purchased
from Sigma (St. Louis, MO, USA).

Acetonitrile was obtained from J.T. Baker Chemicals B.V. (Deventer, The Netherlands),
ethyl acetate and n-hexane from Fluka (Buchs, Switzerland); other solvents were from Sigma (St.
Louis, MO, USA). C; and C; silica cartridges (100 mg of sorbent) were purchased from
Amersham International, and SepPak-C,s silica cartridges (400 mg of sorbent) from Waters
Associates (Milford, MA, USA).

Sustained-release nicotinic acid (Lipolyt retard®) was from Leiras Pharmaceuticals

(Turku, Finland). All other reagents whose origins are not mentioned here were commercial
products and of the highest purity available.

Production of specific antiplasma

For the production of immunogenic conjugate, 9a,11B-PGF, was coupled to bovine
serum albumin, using i-butyl-chlorocarbonate as coupling reagent. Three male New Zealand
rabbits were immunized. Two weeks after administration of 2000 1.U. killed Bordetella pertussis
(i.m.), the animals were inoculated with 1 mg immunogen at multiple sites in the inter-scapular
region. Prior to injection the immunogen (in 0.5 ml saline) was emulsified with an equal volume
of complete Freund’s adjuvant. Injections were boosted every four weeks thereafter with a half of
this quantity emulsified with incomplete Freund’s adjuvant. Plasma samples were collected 10
days after booster injections.

Preparation of '**I-labeled radioligand

9a,113-PGF, was coupled to tyrosine methyl ester (TME), using l-ethyl-3-(3’-
dimethylaminopropyl)-carbodiimide HCI (EDCI) as coupling reagent and purified by thin layer
chromatography. Pure 9a,11B-PGF,-TME was labeled with Na'*I by the chloramine-T method,
and radioiodinated monoiodine derivative was separated on a Sephadex LH-20 column according
to a general method>*. Labeled material used as tracer in RIA was stored in 50 % ethanol at -20
°C.
Radioimmunoassay procedure

RIA was carried out in 50 mM phosphate buffer, pH 7.4, including 0.1 % gelatine and
0.01 % thiomersal. The assay mixture contained 0.1 ml of antiplasma, 0.1 ml of tracer and 0.1 ml
of either 9a.,11B-PGF, standards or the unknowns. The final assay volume was adjusted to 0.4 ml
by the addition of assay buffer. After incubation at 4 °C overnight, dextrane~coated charcoal was
used for the separation of bound from free fraction.
Study design with nicotinic acid

Six healthy non-smoking male volunteers (age 25-40 years) participated in the nicotinic
acid study. All subjects were apparently healthy. The subjects abstained from all drugs for at
least 14 days before and during the study, and avoided any major changes in diet or other living




habits (i.e. alcohol and coffee consumption, dietary and exercise habits) during the investigation.
The study was conducted according to the principles of the Declaration of Helsinki. The study
protocol was approved by the Ethics Committee of Tampere University Hospital, and informed
consent was obtained from the subjects. Twelve-hour overnight urine (control urine samples) was
collected from all subjects before drug administration.

1000 mg nicotinic acid was administered orally at 7 p.m., 500 mg at 10 p.m., and 1000
mg at 7 am. the next morning. Twelve-hour overnight urines were collected during the drug
administration between 7 p.m. and 7 a.m.

Excretion of 9a.,11B-PGF, was correlated to creatinine excretion. Urinary creatinine was
determined spectrophotometrically by the picric acid method using a commercial assay kit (Orion,
Espoo, Finland).

Sample collection for pooled normal and ASA-urine

Twelve-hour urine (8 p.m.- 8 am.) was collected from 8 healthy volunteers (4 men, 4
women) who had abstained from any drug intake during the preceding two weeks. An additional
eight 12-hour urine was collected from the same volunteers after a 3-day acetylsalicylic acid
treatment (3 x 5 g/day). Pooled urine was prepared by combining identical aliquots of individual

samples, then aliquotted, and stored frozen at 20 °C until extraction.

Extraction procedure

After thawing, the urine samples were vortex mixed and centrifuged (1000g, 5 min), and
10000 dpm of [*H]-9c.,11B-PGF, or 200 pg/0.1 ml 9a,11B-PGF, standard was added as
recovery marker to 1 ml of supernatant. Alkyl silica cartridges were conditioned with 5 ml of
methanol followed by 5 ml of water. Urine supernatants were diluted with pH 3 water (1:4) and
applied onto cartridges. Cartridges were rinsed with 5 ml of water followed by a wash with 5 ml
of organic solvent:water mixture, and then rinsed with 5 ml of n-hexane. 9a,11B-PGF, was eluted

with 5 ml of organic solvent. For SPE on SepPak-C,s according to Powell34, 20 ml each of
preconditioning and 10 ml each of wash/elution solvents were used. The final eluent fraction was
collected, evaporated under nitrogen at room temperature, and the dry residue was dissolved in
RIA buffer. After incubation overnight at 4 °C, 9a,11B-PGF, concentrations were measured by
RIA.

Determination of extraction efficiency

In experiments using *H-9a.,11B-PGF; as the recovery marker, aliquots from the starting
urine sample, and from the final RIA sample were measured by liquid scintillation counter
(Betarack-1241, LKB, Bromma, Sweden), and the recovery was calculated from the two
radioactivity values.

In experiments, using known amount of 9a,11B-PGF; as a recovery marker, the same
sample with (“spiked” sample), and without (“non-spiked” sample) added marker was measured
by RIA. Extraction efficiency was expressed as percent of spiked minus non-spiked value divided
by the added amount.

High-pressure liquid chromatography

Solvents were delivered by a two-pump (LKB 2150) gradient system controlled by an
LKB 2152 HPLC controller. The HPLC system consisted of an LKB 2211 fraction collector, an
LKB 2151 variable-wavelength monitor (LKB, Bromma, Sweden), a Rheodyne Model 7125
injector (Rheodyne, Cotati, CA) equipped with a 200-ul loop, an RP-18 guard column (Pierce,
Oud-Beijerland, The Netherlands) and a Spheri-5 RP-18 column (Pierce, OQud-Beijerland, The
Netherlands). Samples were dissolved and separated in the mobile phase consisting of a
water:acetonitrile-mixture and 0.1 % acetic acid. The retention volumes of prostanoids were



determined either by tritiated materials using an on-line radioactivity monitor operating with
homogeneous flow cell detector (type 9701) and precision mixer (type 9702) (both from Reeve,
Glasgow, Scotland), or by non-labeled standards (5-25 ng/sample) with the UV-monitor at 195
nm wavelength.

RESULTS

Characteristics of RIA

The best antiplasma at a final dilution of 1:600000 (about 40 % maximum specific
binding) gave a working calibration range between 0.6 and 50 pg/tube. The dose of non-labeled
9a,11B-PGF; necessary to displace 50 % of bound tracer (IC50) was 6.5 + 1.45 pg/tube (mean
% SD; n = 23). The detection limit of 9a.,11B-PGF, was 0.85 * 0.4 pg/tube (mean + SD; n = 23),
defined as the dose corresponding to B0-2*SD specific binding of tracer. The intra- and inter-
assay coefficients of variation at the IC50 value were 10.4 % and 20.0 %, respectively. A typical
standard curve is shown in Figure 1.

The specificity of the RIA system was characterized with cross reactivity towards a wide
range of prostanoids. Out of substances tested, only PGD, (0.02 %), PGE, (0.02 %), and 5-()-
HETE (0.03 %) showed measurable cross reactivity. All other compounds tested (PGF,q, PGFiq,
8-i150-PGF,q, 15-keto-PGFy,, 13,14-dihydro-15-keto-PGF,,, 6-keto-PGF,, 2,3-dinor-6-keto-
PGF,q, 13,14-dihydro-6,15-diketo-PGF,q, PGE;, PGA,, TXB,, 15-keto-PGE,, 13,14-dihydro-15-
keto-PGE,, 13,14-dihydro-15-keto-PGD,, 6-keto-PGE,, 11-dehydro-TXB,, 2,3-dinor-TXB;,
Delta-12-PGJ,, arachidonic acid, indomethacin, acetylsalicylic acid) showed much less than 0.01
% cross reactivity.

The precision and reproducibility of the RIA system was evaluated by internal controls of
low (25 pg/ml), medium (80 pg/ml), and high (300 pg/ml) concentrations. Values of intra- and
inter-assay CV were 8.7/17.8, 5.4/11.4, and 9.1/16.3 % for low, medium, and high
concentrations, respectively. '

The nature of immunoreactivity in non-extracted and nonselectively extracted
urine

For pilot tests 12-hour urine samples from two males showing higher than 400 pg/ml
apparent 9a.,11B-PGF» concentration by direct RIA were selected, and combined. The nature of

immunoreactivity was studied both in non-extracted urine (direct assay), and in the same urine
sample purified by the commonly used SPE procedure, using C,s-silica cartridge, and the
sequential addition of water, ethanol:water, n-hexane, and ethyl acetate (referred to as
“nonselective extraction” or “group separation™).

For the direct assay, PG-free urine in the same dilution as that used for unknown samples
was added to each tube of the standard curve. The measured apparent 9a,11B-PGF,
concentration in urine sample was 587 pg/ml.

The same sample was extracted on C,s silica cartridge using ethanol:water (15:85, v/v)
as wash solvent, and ethyl acetate as the final eluent of 9c.,11B-PGF,. An aliquot from the eluate
was taken, evaporated to dryness, and redissolved in buffer for the determination of extraction
efficiency by liquid scintillation counting, and for RIA-measurement. After C,3-SPE 342 pg/ml
apparent 9a,11B-PGF; concentration was determined, at 93.9 % recovery (monitored by tritiated
9a.,11B-PGF,).

Both the non-extracted urine, and the eluate fraction of C,s-SPE sample were subjected
to HPLC separation, and 0.5-min fractions were collected between 0 — 30 min. After lyophilizing
each fraction, dry residues were dissolved in RIA buffer and aliquots taken for the determination
of extraction efficiency by liquid scintillation counting, and for RIA-measurement.



Figure 2 shows the immunoreactivity profile of urine without and after extraction on a
Cis silica cartridge. Values are expressed as the urinary 9a,11B-PGF, concentration (pg/ml) in
each fraction, such that the distribution of immunoreactivity is comparable directly. The major
part of the immunoreactivity (93.5 % for direct, 85.2 % for C,;-SPE) was found in fractions
other than those co-eluting with the tritiated 9a,11B-PGF,. Only 6.5 % (direct) and 14.8 % (C,s-
SPE) of total immunoreactivity could be assigned to specific fractions. Although the
immunoreactivity remained heterogeneous after C,s-SPE purification, in comparison with the
non-extracted urine the ratio of polar interference decreased considerably, with a concomitant
minor increase in apolar fractions.

Modified extraction on C-silica

In an attempt to increase the specificity and selectivity of nonselective SPE, we compared
the concentrations obtained for the same urine sample extracted on different SPE-sorbents. Using
the same elution scheme as that described above the respective concentrations obtained for C;s-,
Cs-, and C,-silica were 342 (see above), 387, and 265 pg/ml, with no difference in the extraction
efficiency (about 95 % for each sorbent).

Cy-silica that gave the lowest apparent concentration after nonselective elution scheme
was tested further for the removal of residual interference of polar nature. To these studies
different polar organic solvents mixed with water in various ratios were used instead of the 15 %
ethanol wash solvent used in the nonselective SPE. After the application of wash solvent the
column was eluted with ethyl acetate, and concentrations in both fractions measured by RIA. The
ratio of interfering material removed by the wash solvent was estimated as the percent of sum of
immunoreactivity obtained in the two fractions. From various organic solvents tested (ethanol,
methanol, i-propanol, n-butanol, and acetonitrile), acetonitrile showed the highest efficacy. With
the use of 15 % acetonitrile:water (v/v), approximately 67 % of the immunoreactivity was found
in the acetoritrile-fraction, and the recovery for the tritiated marker was 80 % (data not shown).

In order to study the effect of elution solvents the same urine sample was adsorbed onto a
C; silica cartridge and various organic solvents of different selectivity properties (i-propanol,
tetrahydrofurane, dichloromethane, diethyl ether, ethyl acetate, chloroform) were used as eluents
without employing wash solvent before elution. Ethyl acetate, isopropanol and tetrahydrofurane
gave over 90 % recovery of tritiated 9a.,11B-PGF,, whereas with other solvents the recovery
varied between 20 % and 70 %. The lowest apparent concentration was observed by the use of
ethyl acetate.

Based on these preliminary results, the best sorbent (C,-silica), wash solvent (15 %
acetonitrile), and final eluent (ethyl acetate) was combined in a modified SPE procedure. An
aliquot of the same urine sample as used for previous experiments were thawed, vortexed and
centrifuged. *H-9a,11B-PGF, was added to 10x1 ml of urine supernatants, their pH set to 3 and
diluted (1:4) with pH 3 water. Extraction was made on a C-silica cartridge conditioned with 5 ml
of methanol followed by 5 ml of water. After application of the sample, the cartridge was rinsed
with 5 ml of water followed by a wash with 5 ml of acetonitrile:water (15:85, v/v). After rinsing
with 5 ml of n-hexane, 9a.,11B-PGF, was eluted with 5 ml ethyl acetate.

From each eluate 1 ml was taken, and 2x1 ml was combined to have 5 samples of double
concentration. These five samples were then evaporated by nitrogen, and dissolved in RIA buffer
for RIA-determination before HPLC. The rest of the 10 ethyl acetate eluate was pooled,
evaporated to dryness by nitrogen, and dissolved in HPLC mobile phase, before being subjected
to HPLC separation.

With this work-up procedure, 9a,11B-PGF; concentrations and recovery before HPLC
were determined from 5 combined samples of 10 separate extractions, while the HPLC-separation



was made from a mixture of the same 10 extractions, using a sample volume that corresponded to
6 ml urine.

For the five samples before HPLC 104.1 + 22.8 pg/ml (mean *+ SD) average

concentration was obtained with 81.6 % recovery (monitored by 3H-9a,11B-PGFz). This
represents 17.7 %, and 30.4 % of values obtained with non-extracted, and C;s-extracted urine,
respectively.

Results of the HPLC analysis are shown in Figure 3. After selective SPE, most of the
immunoreactivity was found in fractions co-migrating with the authentic 9a,11B-PGF,. Ratio of
immunoreactivity in this area, calculated as per cent of total 9a,11B-PGF, immunoreactivity, was
80.3 %. The urinary 9a.,11B-PGF, concentration obtained from the specific HPLC peak was 90.2

pg/ml.
Evaluation of the modified SPE procedure

RIA-values measured for samples purified with the modified SPE procedure showed
good linearity upon serial dilution of samples, as well as for the recovery of known amount of
cold material added (data not shown). The accuracy was estimated by extracting and measuring
by RIA, 3 different samples 6 times indcpendently. For the low (24.9 pg/ml), medium (45 pg/ml),
and high (107 pg/ml) concentrations, the respective within-assay precision (characterized by the
relative SD, or CV %) were 12.1, 6.9, and 9.25 %, and those for between-assay CV-s were 19.3,
19.4, and 14.8 %.

The extraction efficiency was determined by the tritiated marker method from a large set
of individual urine samples (n=82). The calculated statistical parameters were 80.4 + 0.855 % for
the mean *+ SEM, with 7.75 % SD, and 80.3 % median value. The 95 % confidence range for
recovery was thus 78.69-82.11 %. In addition, we also evaluated the suitability of determining
recovery by using non-labeled 9a,11B-PGF, as the recovery marker (see under experimental) in
the case, when tritium-labeled 9a.,11B-PGF, was not available. The statistical parameters of the
extraction efficiency determined by the non-labeled 9a.,11B-PGF,, were 87.8 + 1.08 % for the
mean + SEM, with 8.40 % SD, 90.95 % median value, and 85.66-90.0 confidence interval
(n=60).

The selective extraction procedure was evaluated by comparison of values before and
after ASA-treatment from urine samples pooled from 8 healthy volunteers. From duplicate SPE-
procedure and RIA-measurement, 26.8 pg/ml and 9.0 pg/ml, for normal and ASA-pool,
respectively, was determined. Normalized excretion rates for the same pair of data were 2.294
versus 0.716 ng/mmol creatinine. These figures indicate 66.5 %, and 69 %, inhibition of
acetylsalicylic acid, as calculated from concentrations, and excretions, respectively.

Urinary excretion of 9a.113-PGF, in normal subjects

In addition to concentrations determined from pooled urine, which had been collected
from 8 volunteers for the development of the selective SPE/RIA method, the excretion of 9a,11B-
PGF; in urine was analyzed in individual samples collected from 50 human volunteers on a 24
h/12 h period. The concentrations varied considerably, from 10 pg/ml to 300 pg/ml. Because of
this, samples of concentrations under 10 pg/ml had to be re-extracted from 5 ml volume, and
assayed repeatedly. For the average concentration 37.52 + 4,61 pg/ml (mean + SEM, n=50) was
obtained with a SD of 32.57, and with a 95 % confidence range of 28.3-46.74 pg/ml. The
average excretion value calculated for the same samples was 3.50 + 0.35 ng/mmol creatinine
(mean + SEM, n= 50), with a SD of 2.50, and with a 95 % confidence interval of 2.80 — 4.20
ng/mmol creatinine. This excretion rate corresponds to 30.89 * 3.12 ng/g creatinine (mean *
SEM, n= 50). Median values showed significant difference from the mean in the case of



concentrations (25.6 pg/ml compared to 37.52 pg/ml), but were in good agreement with
normalized excretion values (3.16 ng/mmol creatinine compared to 3.50 ng/mmol creatinine).

Effect of nicotinic acid

Nicotinic acid was administered to 6 male volunteers, and 12-h urine samples were
collected before and after the drug administration according to the study protocol. Concentrations
were determined by RIA after the modified C,-SPE purification. Values are summarized in Table
1.

Nicotinic acid induced about 44 % increase in the urinary excretion of 9a.,11B-PGF,.
The excretion rate remained unchanged (subject-1), or even decreased (subject-2) in two
volunteers who showed no symptoms on niacin administration. In the other four subjects who
showed typical symptoms of niacin, i.e., flushing, or even urticaria, the excretion rate increased in
a range between 12 % and 187 %. In this subgroup the excretion rate (84.5 + 7.65 ng/g
creatinine; mean + SEM) was 1.7-fold higher than in the control group.

DISCUSSION

Prostaglandin D2 (PGD;), a prominent member of prostanoid family produced in the
cyclooxygenase cascade, has a widespread biological effects in several tissues and cell types”’ss.

One of its primary metabolites, 9a,11B-PGF>, also has a unique biological activity, which is

different from that of the parent compoundl's. Several pathophysiological processes, or
pharmacological actions, which are characterized by the overproduction of PGD, (mastocytosis,
allergic inflammation, niacin flushing, asthmatic attack), are also associated with an increased
production of 9a.,11B~PGF5. Due to this direct relationship 9a.,11B~PGF has been used for the
assessment of primary PGD, production, which is difficult to monitor because of its short half-
life, and poor stability.

Gas-chromatography-mass spectrometry (GC-MS) has long been used as the
predominant method for the quantification of 9a,11B3-PGF,. However, GC-MS methods suffer
from the drawback of small sample capacity. To overcome the limitations of GC-MS,
immunoassay methods are important tool of clinical or pharmacological studies requiring high
sample capacity. Out of various immunoassay versions, radioimmunoassay using tritiated
tracerm, and enzyme immunoassay (EIA) using acetyl-cholinesterase as reporter enzyme39 have
been developed. These assay versions are available as commercial products too, and have been
used successfully in various biological studies' 127343133 ey currently, however, no RIA
system based on '#I-label has been reported.

In the present study we developed a specific RIA for the determination of 11-
9a.,11B-PGF2, which benefits from the high specific activity of the ?I-label. The specificity of
the newly developed polyclonal antiserum showed an outstanding discrimination of structurally
related compounds. The high titer of the antiplasma is another sign of outstanding specificity and
sensitivity. This is of particular importance with 9a,11B—PGF2, because in certain biological
media the concentration of other F-ring substances, for instance isoprostanoids, might be orders
of magnitude higher than is 9a,11B-PGF2-level. The introduction of '*I-labeled tracer resulted
in a significant increase of the sensitivity of the new assay system, as compared to the RIA using
tritiated tracer. The detection limit (8.5 pg/ml) is considerably higher than the value (20 pg)
reported for tritiated RIAm, and is virtually the same as that certified by the manufacturer, and

confirmed in multiple studiesls_17'33, for the commercial EIA system (10 pg/ml). This sensitivity
enables the accurate determination of 9a.,,11B-PGF?2 in the exceptionally low concentration range
of 10 pg/ml, which is often found in normal urine (see below). As for the precision and



reproducibility, the performance of the new assay system is the same as commonly seen with
other competitive immunoassays.

9a.,,11B-PGF; has been quantitated in various biological fluids including blood plasma

25’31, bronchoalveolar lavage ﬂuid21'34, and urine 4202428303233 o4 of different

biological materials, urine has long been regarded as the ideal non-invasive medium to monitor
the in-vivo production of prostanoids. However, 9a.,118-PGF2 represents a very low ratio of
total PGD, metabolites. After the infusion of tritiated PGD, into a healthy male volunteer, 0.3 %

of radioactivity was recovered as 9a,ll[3—PGF22. In the urine of a patient with systemic
mastocytosis PGD, metabolites were shown to be predominated (about 80 %) by PGF,-ring

compounds other than 9a,11B-PGF, which represented only about 1.1 % of total metabolites .
Accordingly, the urinary concentration of this metabolite is very low, and its determination is
hampered by the poor signal-to-noise ratio. To overcome this, biological samples have to be
subjected to multi-step purification before quantitation by either GC-MS, or immunoassay. These
purifications include SPE, followed by one or more chromatographic steps (TLC and/or HPLC).
Such multi-step purifications are time-consuming and often result in a considerable loss of

sample yield. In certain cases, however, direct determination by EIA without sample purification

have also been reported 151719

According to our results the immunoreactivity of non-extracted urine is very
heterogeneous, and the apparent immunoreactive 9a.,11B-PGF, concentration is contributed in
major part by nonspecific interfering factors, mostly of polar nature (Figure 2). This is in good

agreement with a similar observation reported for 11-dehydrothromboxane B24°. These results
demonstrate that the direct assay is unsuitable with the present RIA, therefore the reliable
determination of urinary 9a,11B-PGF, requires the purification of urine samples prior to RIA.

The most common method for the pre-purification of urine or other biological media
before quantitation is a nonselective solid-phase extraction on octadecyl silica (ODS) cartridges,

optimized for high recovery of a wide range of prostanoids varying in polarity36. This SPE
procedure is then commonly followed by a subsequent TLC or HPLC purification step. Our
results demonstrate that the immunoreactivity remained heterogeneous after the non-selective
extraction procedure carried out on ODS silica. Although the ratio of interfering materials after
ODS extraction decreased considerably as compared to non-extracted urine, only 15 % of the
total immunoreactivity could be assigned to the specific analyte. Therefore we aimed in this study
at modifying the original non-selective SPE procedure on ODS-silica such that a reasonably
homogeneous immunoreactive purity could be achieved without the need for additional
chromatographic purification before RIA. In earlier studies we demonstrated that more efficient
cleanup for a particular analyte can be achieved by using alkyl-silica sorbents other than ODS-
silica in combination with various wash and eluent solvent compositions matched for a particular

prostanoid. This strategy resulted in a reliable selective SPE for 11-dehydrothromboxane Bz‘u,

2,3-dinor-6-keto-PGF1o 2, PGFs>* and A”-PGI,*, which eliminated the need for HPLC-
separation before RIA.

Results of the present study indicated that the absorption of interfering contamination
decreased with the chain length of the alkyl silica sorbent. Even with the non-selective elution
scheme, the measured immunoreactive concentration (i.e., the ratio of interference) was
significantly lower on C; silica than was on ODS silica. With fine-tuning the composition of the
polar wash solvent on C; silica, 15 % acetonitrile was capable of removing the major part of
polar interfering substances, while keeping reasonably high (about 80 %) extraction efficiency.
The average extraction efficiency obtained by non-labeled 9a.,11B8-PGF, (87.8 %) appeared to be
higher than the value determined with tritiated marker (80.4 %), although the difference remained
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insignificant statistically. Some degree of tritium exchange of the tritiated marker, a phenomenon
that results in the overestimation of starting, and a proportional underestimation of recovered,
radioactivity might explain this difference.

The elution pattern we employed with the selective C, SPE is similar to that used by

Wendelborn et al>, or O"Sullivan et al>>. They also used 15 % acetonitrile as the polar washing
solvent, and ethylacetate:heptane (50:50, v/v) as the eluent of prostanoids. The higher
immunoreactive purity, which we obtained, is therefore most likely due to the lower affinity for
interfering materials of the on C,; silica stationary phase we used instead of C,s-silica.

In an elegant study on the nature of 9a,11B-PGF, immunoreactivity in human urine,

O’Sullivan et al’> demonstrated the presence of isomeric 2,3-dinor-9a,11p-PGF, compounds,
and determined their contribution to the overall immunoreactive concentration measured by EIA.
According to their immuno-HPLC chromatogram, two dinor-derivatives accounted for about 50
% of immunoreactivity, in contrast with the parent compound, which represented approximately
40 % of total immunoreactivity. Our results also showed a minor immunoreactivity (about 20 %)
in fractions other than 9a,113~PGF,. Based on the similar HPLC separation we used, the more
polar species seen in our HPLC-profile (Figure 3), which accounted for about 10 % of total
immunoreactivity, might be identical with these dinor-metabolites. The fact that the ratio of this

fraction was significantly lower than that reported by O’Sullivan et al®® can be due to the
different specificity of our RIA. The identity of the second minor fraction, which is less polar
than 9a,11B-PGF, is unclear. This peak is overlapping in part with both PGF,, and 11-
dehydrothromboxane B,. However, the concentration of these compounds as determined
separately by the respective specific RIA were both under 1 ng/ml (data not shown), which is
much lower than the concentration (50 ng/ml) required, at the particular cross-reaction with these
metabolites, to induce this amount of apparent 9a.,11B—PGF, immunoreactivity.

As for the urinary concentration of 9a.,11B-PGF,, relatively few data are available in the
literature, because the majority of studies focused on pathological or pharmacological effects, and

worked with a few human subjects. Obata et al'® studied four children, and found, by GC-MS,
230, 170, 0.32, 40, and 342,1673, 116, 215 ng/24 h excretion before, and after asthmatic attack,

respectively. By using a direct EIA Butterfield et al 1% measured in one aspirin-sensitive patient
an extremely high value (490 ng/ml), which was dropped to 125 pg/ml after desensitization.

Using the same specific EIA with non-extracted urine O’Sullivan et al’® reported on an excretion
rate of 5419 ng/mmol creatinine in 9 healthy volunteers. In a more recent study of the same

group™> on 3 healthy females, 364, 485, 361, and 510, 647, 364 ng/24h values by GC-MS, and
EIA, respectively, were determined. Consequently, the excretion values for normal human
subjects in these studies varied between 0.32 and 647 ng/24 h.

_ The average excretion rate which we determined by the present Cz-SPE/[mI] RIA
method (3.5 ng/mmol creatinine) tends to be lower than those measured in the above studies. The
broad range of concentration which we observed (from less than 10 pg/ml up to over 300 pg/ml)
is in agreement with the above mentioned variations, and can be one factor to account for this
difference. On the other hand, the difference in the number of samples, and in the sample
purification method can be other factors of deviation. Furthermore, results obtained for cross-
reactivities, and immunoreactive homogeneity are indicative of an outstanding differentiating

. 125
capacity of the new [ I] RIA, that could be a key factor to account for lower
concentration/excretion rate we found.

In the present study urinary concentrations tend to deviate from normal distribution, as
indicated by the difference between the mean value and the median value, but the deviation
decreases, when normalized excretion rates are calculated.
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PGD, was demonstrated to be the principal mediator of episodes of flushing and

vasodilatory hypotension provoked by nicotinic acid, or methylnicotinate25'27. The increased
PGD; production is associated with an enhanced level of 9a,11B-PGF, as well. Accordingly,
after the administration of niacin, 58-122-fold, and 25-33-fold increase of PGD,, and
9a,11B—PGF,, respectively, was detected in plasmazs. In our studies we wanted to find out
whether the highly increased PGD, production could also be followed-up in the urinary
9a,11B-PGF; excretion. To the best of our knowledge, this is the first report on monitoring
urinary 9a,11B-PGF, following niacin administration. By using the new SPE/RIA method 1.7-
fold increase in the excretion rate of urinary 9a,11p-PGF, was observed in a group of human
subjects who showed typical symptoms of niacin, i.e., flushing, or even urticaria. The fold
change, as well as its high variation, seems to be in contradiction with the substantial increase
observed in circulatory level2. However, this is in good agreement with the low metabolic rate of

9a,IIB—PGF27, and with the magnitude of changes observed in other studies. For example, the
increase of urinary 9a,11B-PGF; on the effect of asthma showed a great variation, ranging from
as low as 1.15-fold up to 360-fold"> 2% in individual patients. The apparent change of urinary
9a.,11B-PGF; excretion after niacin is virtually in the same range as those (2 — 2.5-fold) obtained
for other urinary eicosanoids (11-dehydrothromboxane B,, 2,3-dinor-6-keto-PGF)q, leukotriene
E;) after niacin intake“, and also fits with the ratio (about 2:1) of 9a,11B-PGF, excretion

. 45
observed in smokers and non-smokers .

In summary, a sensitive and specific [lzsl] radioimmunoassay for 9a,11B-PGF; has been
developed, and applied for the determination of 9c,11B-PGF, from human urine in combination
with a simple solid-phase extraction without further chromatographic purification. This
procedure can be used as a suitable alternative of other quantification methods for the non-
invasive monitoring of increased in-vivo PGD, production by the measurement of urinary
9a,11B-PGF, concentration.
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LEGENDS TO THE FIGURES

Figure 1. Standard curve of 9c,11B-PGF; immunoassay by **I-RIA.

Cumulative standard curve of 23 independent runs. Bars represent SD values.

Figure 2. Immunochromatogram of pooled urine without extraction (open bars) and after
extraction on a Cg silica cartridge (solid bar).

The separation was carried out on C;s (Spheri-5, 4.6x 100 mm column) at a flow rate of 1.0
ml/min with 25 % acetonitrile until 20 min, then with a linear gradient of acetonitrile to 100 % in
10 min, and back to 25 % over 5 min. Fractions were collected for every 0.5 min (0-30 min;), and
the concentration of 9a,11B-PGF; was measured by RIA in each fraction. Fractions containing
*H-9a.,11B-PGF, added in urine are indicated by asterisks. Standard prostanoids eluted in the
following 0.5-min fractions; 6-keto-PGF}, (hemiketal form) 11-12; 2,3-dinor-TxB2 10-14; 11-
dehydro-TXB; (free acidic form) 14-15; 2,3-dinor-6-keto-PGF,,, (lactone form) 16-20; TxB, and
9a.,11B-PGF; 23-26; 8-is0-PGF,q 25-29; PGF;, 32-35; 11-dehydro-TxB, (lactone form) 34-37,
PGE, 34-38; PGD, 37-41; 13,14-dihydro-15-keto-PGE; 43-48. Values are corrected for method
blank (ranging 1-2 pg/tube), determined from a separate run of PG-free urine processed
according to the same method as that used with urine samples.

Figure 3. Immunochromatogram of pooled urine after modified SPE on C; cartridge.

Samples were dissolved in the mobile phase consisting of water:acetonitrile:acetic acid
(70:30:0.1, v/v/v). The separation was carried out on Cys (Spheri-5, 2.1 x 220 mm column) at a



flow rate of 0.4 ml/min with 30 % acetonitrile until 15 min, then with a linear gradient of
acetonitrile to 80 % in 7 min, back to 30 % over 4 min, and 30 % until 4 min. Fractions
containing *H-9a,11B -PGF, added in urine are indicated by asterisks. Non-labeled standard
prostanoids eluted in the following 0.5-min fractions; 6-keto-PGF,, (hemiketal form) 10-13; 2,3-
dinor-TxB, 11-14; 11-dehydro-TXB; (free acidic form) 14-15; 2,3-dinor-6-keto-PGF, (lactone
form) 16-20; TxB, 16-21; 9a,11B-PGF;, 17-22; 8-is0-PGFy, 20-23; PGF,, 24-27; 11-dehydro-
TxB, (lactone form) 26-28; PGE, 29-33; PGD, 33-37; 13,14-dihydro-15-keto-PGE, 44-45.
Values are corrected for method blank blank (ranging 1-2 pg/fraction), determined from a
separate run of PG-free urine processed according to the same method as that used with urine
samples.

Table 1. Effect of nicotinic acid on the excretion of 9a,113-PGF,

Before niacin After niacin
Patient pa/mi ng/g pg/ml ng/g Note
creatinine creatinine
1 82.8 56.7 92.1 162.7
2 52.3 56.3 52.6 51.1 No symptoms
% 67.5 38.5 92.9 43.4
4 50.6 36.0 73:3 5.5
5 127:3 50.0 79.2 56.0
6 1021 59.7 56.4 38.3 No symptoms
mean 80.4 49.5 74 .4 71.1
SEM 12:27. 3.86 6.09 6.04
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