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Historicka poznamka: Hormony neurohypofyzy
a pocatky endokrinologie

Endokrinologie jako autonomni obor biomediciny
byla ustanovena na zlomu 19. a 20. stoleti, pfevazné zaslu-
hou britskych fyziologh. Pojem hormon poprvé pouzil
v pfednéasce (Croonian Lecture) pro Royal College of Phy-
sicians of London v ¢ervnu 1905 fyziolog Ernest Henry
Starling (1866-1927)". Hormonem oznaéil latku produko-
vanou sekretorickou tkani, a ktera je transportovana krevnim
obéhem do cilové tkané, kde vyvolava funkéni zmény”.

Starling tuto definici dolozil pokusy se sekreci pan-
kreatu, které spolu s dal§im vyznamnym londynskym fyzi-
ologem, Williamem Maddock Baylissem (1860-1924),
publikovali v roce 1902 (cit.?). Prokazali, 7¢ sekrece pan-
kreatu, kterou vyvolali stimulaci tenkého stieva (duodena)

kyselinou chlorovodikovou, trva i po Gplné denervaci stie-
va. Déle zjistili, ze extrakt takto stimulované stfevni tkané
vyvola i po jeho intraven6znim podani u pankreatu stejnou
sekretorickou reakei jako stimulace kyselinou ¢i postpran-
dialni stimulace duodena potravou. Tento prvni pfesny
popis humoralni regulace, jako alternativy nervové regula-
ce, m&l mnohem §irSi vyznam v dalSich vyzkumech fyzio-
logickych procesti. Hypotetickou, ¢aste¢né ovSem uz tehdy
predciSténou stimulujici latku, oznacili jako sekretin. Se-
kretin se proto v literatufe oznacuje jako prvni prokazany
hormon®.

Ne ovSem zcela pravem. Biologické tcinky latek,
pozdéji podle Starlingovy a Baylissovy definice identifiko-
vané jako hormony, byly totiz zndmy uz diive. V roce
1888 popsali Oskar Minkowski (1858-1931) a Josef (téz
Joseph) Freiherr von Mering (1849-1908)° glykosurii
u pst po odstranéni pankreatu a otevieli tim i cestu
k pozd¢jsi identifikaci a izolaci inzulinu. V souvislosti
s tehdej$im z4djmem o tzv. organoterapii® studovali o néko-
lik let pozdé&ji, v roce 1895, londynsky prakticky lékar
George Oliver (1841-1915) a fyziolog Edward Albert
Schifer (téz Sir Edward Albert Sharpley-Schafer, 1850—
1935), pozd€jsi profesor fyziologie na univerzité
v Edinburghu, fyziologické t¢inky extrakti nadledvinek,
§titné Zlazy, sleziny a hypofyzy*’. Zajimaly je jejich cen-
tralni G¢inky, u extraktd hypofyzy a nadledvinek prede-
v§im na zvySeni arteridlniho tlaku v dasledku vasokon-
strikce. William Harry Howell (1860-1945)°, profesor
fyziologie na John-Hopkins University, E. A. Schifer
a (Thomas) Swale Vincent® (1868-1933)’ pak lokalizovali
ucinné slozky extraktii zadniho laloku hypofyzy (1898—
1899). Lze tedy fici, ze Oliver, Schifer, Howell a Vincent
zavedli jako prvni do endokrinologického vyzkumu bio-
chemicko-farmakologické postupy. Funkce jednotlivych
organd ¢i tkani byly doposud studovény jejich chirurgic-
kym odnétim (-ektomie). Hormony produkované neurohy-
pofyzou oxytocin a vasopresin (pozd¢€ji oznacovany jako
antidiureticky hormon — AHD) se tak vyznamné zatadily
do dé&jin endokrinologie.

*Citat v Lancet' (s. 340) ,,...These chemical messengers [...] or ,hormones’ (from Spudwm, 1 excite or arouse), as we might
call them, have to be carried from the organ where they are produced to the organ which they affect by means of the blood

stream ...“

® Bayliss a Starling dochazeji v tomto sdéleni k opaénym zavérim neZ Ivan Petrovi¢ Pavlov (1849-1936), ktery deklaroval
ptimou a vyhradni roli nervového impulsu a ptitomnosti chymu v duodenu na pankreatickou sekreci. Jeho nalezy diskutuji
kontroverzné a poukazuji na existenci humoralni regulace. Pfispévek Pavlova (Nobelova cena za fyziologii ¢i medicinu
v roce 1904, tedy dva roky po publikaci jejich vysledkl) cituji autofi se znaénym, plné kolegialnim respektem a ocenénim.
Nicméné nadepisuji ptislusnou kapitolu ve své publikaci titulem VII. The normal mechanism, chemical or nervous?

¢ Organoterapii se ozna¢ovalo pouZivani tkafiovych extrakti k terapeutickym t¢eliim.

4 Britsky fysiolog, pozd&ji profesor fyziologie (University of Manitoba in Winnipeg, Kanada).
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Uterokineticky tcinek extraktd hypofyzy pak poprvé
popsal v roce 1906 londynsky biochemik Sir Henry Hallett
Dale (1875-1968)%, laktatni efekt Isaac Ott (1847-1916)
a John C. Scott’ z Medico-Chirurgical College ve Phila-
delphii. Peptidovy charakter uterokinetické slozky extraktii
z neurohypofyzy se snazil prokazat Harold Ward Dudley
(1887-1935) jejich inaktivaci proteolytickymi enzymy'’.
Avsak z pohledu dne$ni enzymologie Slo spiSe o zavéry
pokusii typu ,,right-for-the-wrong-reason. Cisté enzymo-
vé preparaty jeSté nebyly ve dvacatych 1étech 20. stoleti
vétSinou dostupné, proto Dudley referuje o rychlé inakti-
vaci extraktu z neurohypofyzy trypsinem na krysi déloze.
Ve svych pokusech pouzival ale Pankreatin firmy Merck,
tedy extrakt pankreatickych enzymil z rliznych zivocis-
nych druhd. Pozd&j$i méfeni potvrdily, Ze oxytocin neni
enzymove Cistym trypsinem §tépitelny. Dudleyovy vysled-
ky by bylo mozno vysvétlit enzymologicky netypickym
Stépenim oxytocinu mezi obéma koncovymi aminokyseli-
nami (leucinem v poloze 8 a glycinamidem v poloze 9)
chymotrypsinem'', nebot chymotrypsin byl totiz témé&f
jisté v pouzitém preparatu obsazen.

Tuto prukopnickou epochu pak uzavira pecliva prace
vyzkumnikd z laboratofi firmy Parke, Davis and Co.
v Detroitu (Michigan). Oliver Kamm se spolupracovniky'?
zde rozdé€lili v roce 1928 slozitym pracovnim postupem —
opakovanou precipitaci, vysolovanim a extrakci do orga-
nickych rozpoustédel — neurohypofyzarni extrakt na dvé
frakce, jedna vykazovala pfevazn¢ uterokinetickou a druhé
vice vazokonstrikéni aktivitu. Dale odhadli (z rychlosti
difuze) molekulovou hmotnost uretokinetické substance na
600 Da (pozdgji ptesné potvrzena molekulova hmotnost
oxytocinu ¢ini 1007 Da) a naznadili, Ze vazokonstrik¢ni
komponenta vykazuje téz antidiuretickou aktivitu. Patrné
let R. M. Stehle a A. L. Fraser'®. Protiproudnim vytfepava-
nim v systému voda/2-butanol (techniku zavedl Lyman C.
Craig v roce 1944, cit.'*) ziskal pak Arthur H. Livermore
a Vincent du Vigneaud"® &istou substanci s vysokou ute-
rokinetickou aktivitou. Tento preparat pouzil pak na pocat-
ku 50. let du Vigneaud (1901-1978) a jeho spolupracovni-
ci tzv. Edmanovym odbourdvanim'® k urdeni struktury
a jako standard pii syntéze oxytocinu'"'®,

Du Vigneaud a jeho pocetny tym spolupracovniki
z Cornell University Medical College (Ithaka, NY) ma pak
jednoznacénou zasluhu na prvni chemické syntéze vasopre-
sinu a oxytocinu. Tato du Vigneaudova prace byla zahy,
v roce 1955, ocenéna Nobelovou cenou za chemii.
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Laudatio Nobelovy komise pln€ vystihuje jeho zasluhy —
a zaroven ovsem i zasluhy jeho spolupracovnikd: ,,... for
his work on biochemically important sulphur compounds,
especially for the first synthesis of a polypeptide hormo-
ne...” Pokud jde vSak o urleni struktury, zvladl totéz
v mnohem skromnéjsich technickych a finanénich pod-
minkéch, nez jaké méla k disposici du Vigneaudova skupi-
na, ve stejné dobé mlady rakousky biochemik Hans Tuppy
(*1924) spolu se svym tehdejSim spolupracovnikem
H. Michlem. Stalo se tak témé&f paraleln¢ s du Vigneau-
dem. Ur¢il sekvenci aminokyselin oxytocinu u méné Cisté-
ho oxytocinového preparatu chromatografickou meto-
dou'®?"¢. Zasluha o uréeni struktury oxytocinu, coz byl ve
své dobé unikatni védecky vykon, nepatii tedy vyhradné
du Vigneaudovi, ale i H. Tuppymu. Du Vigneaud tento
fakt ve zminéné piednédsce pii piebirani Nobelovy ceny
presel pouze bagatelizujici poznamkou®".

V nasledujicich 1étech uvefejnilo nékolik laboratofi
alternativni metody syntézy oxytocinu, jejichz synteticka
schémata shrnul do nazornych diagramtt R. A. Boissonas
a St. Guttmann (Sandoz A. G., Basel)*. Jednou z nich byla
elegantni syntéza vypracovana v roce 1956 v Ustavu orga-
nické chemie a biochemie Ceskoslovenské akademie véd
(dale také UOCHB) Josefem Rudingerem (1924-1975)
a jeho spolupracovniky Janem Honzlem a Milanem Zaora-
lem®**. Oproti du Vigneaudové syntéze se tato ,,prazska
metoda®, spolu se syntézou oxytocinu z laboratoii Sandoz
(R. A. Boissonnas a spol.?®), projevila jako zvlast’ metodic-
ky vyhodna a vice uzivatelsky prakticka. ,,Stavebnicovy*
postup, takzvané ,,trojkové” schéma (obr. 1), pozlstavajici
ve spojovani kratSich peptidi (tripeptidli), navrhla jako
alternativu k ponékud naroénému postupu du Vigneauda
v nasledujicich letech fada dalSich autord. Syntéza struk-
turnich analogii neurohypofyzarnich peptidd tim byla
usnadnéna a zrychlena. Diagram jeji verze pouzité Rudin-
gerem a spolupracovniky je na obr. 1. Tato strategie ve
farmakologii peptidli rovnéz velice usnadnila studium
vztahu zavislosti mezi strukturou latky a jejimi biologicky-
mi aktivitami. Endokrinologické charakteristiky, izolace
a syntetické prace na obou hlavnich hormonech neurohypo-
fyzy — oxytocinu a arginin- ¢i lysin-vasopresinu — probihaly
paralelné. T projekty syntézy analogli vychazely ze stejnych
¢i velmi podobnych strategii. V dob€ po publikaci prvnich
syntéz se jejich autofi pfevazné soustiedili na izolované zmé-
ny struktury jednotlivych pozic peptidového fetézce. Kombi-
nace aminokyselin v jednom peptidovém fetézci vedly poz-
dgji k piiprave klinicky pozoruhodnych farmak.

¢ Hans Tuppy mél jiZz v tomto oboru nejen zkuSenosti, ale i vyznamné vysledky: Na ro¢ni stazi v roce 1949 urcil
v laboratofi F. Sangera v Cambridge strukturu B-fetézce inzulinu. Frederick Sanger jeho podstatny pfispévek ke struktute
inzulinu s uznanim zdiraznil ve své prvé nobelovské prednasce’ (cena za chemii 1958): ,, ... the work on fraction B pro-
gressed so favourably and Tuppy worked so hard that by the end of the year we were virtually able to deduce the whole of

the sequence of its 30 residues.
"Cit. 7%

., It is of considerable interest that Tuppy, on the basis of data we had published along with some data of his own,

arrived at the same structure independently. Tuppy’s proposal was based on the data from our laboratory on composition,
molecular weight, terminal groups, as worked out by our use of the Sanger dinitrophenyl end group procedure ..."

676


https://de.wikipedia.org/wiki/Cornell_University
https://de.wikipedia.org/wiki/Ithaca_(New_York)

Chem. Listy 773, 675-685 (2019)

Referat

Pozice v peptidovém fetézci
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Obr. 1. Postup syntézy oxytocinu pouzity skupinou Josefa Rudingera v roce 1954. Naznaceno je v jednotlivych stupnich syntézy
(svisla osa) postupné propojeni jednotlivych komponent dané¢ho stupné (aminokyselin a peptidi ze stupné piedchazejiciho). Pfedposledni
stupeii je ,,linearni* oxytocin s cysteinem v poloze 1 a 6. Aktivni oxytocin je ziskan jeho oxidaci (uzavteni disulfidového mustku). Chra-
nici skupiny v jednotlivych stupnich nejsou znzornény, jsou znazornény ve schématu v cit.>

Strukturni analogy neurohypofyzarnich
peptidu a farmakologické strategie

Prazska ,,stavebnicova“ syntéza oxytocinu a struktur-
n¢ obménénych molekul v oxytoxinu ,,v roztoku“ je
v primyslové vyrob¢€ pouzivana ¢asto dodnes. Po zavedeni
pozdéjsi a dnes Siroce pouzivané syntézy v ,,pevné fazi“
Brucem R. Merrifieldem (1921-2006), ktery obdrzel No-
belovu cena za chemii roku 1984, byla u nékterych 1€¢i-
vych latek tohoto typu zvolena pak tato metoda z hlediska
spravné vyrobni praxe jako vyhodnéjsi. Problém dostup-
nosti a strategie volby analogli se pozd¢ji presunuly do
oblasti farmakologie a biochemie. Pfi studiu zavislosti
mezi strukturou a biologickou aktivitou (SAR — structure-
activity relationships) neurohypofyzarnich peptidi se
v nasledujicich ,,pionyrskych* letech jednotlivé vyzkumné
laboratote zaméfily na rizné cile.

1. Vliv jednotlivych funkénich skupin ¢i vazeb
v peptidickém Fetézci

HIntuitivni® postup (,,trial-and-error”) pouzila prede-
v§im du Vigneaudova skupina. Cilem bylo zjistit vliv jed-
notlivych funkénich skupin ¢i vazeb v peptidovém fetézci
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pomoci jejich modifikace ¢i jejich vypusténim. Tak byly
ziskany prvni zajimavé analogy — jako piiklad uved'me
2-O-methyltyrosin-oxytocin®’ a  2-D-tyrosin-oxytocin
(substituce enantiomeru L-tyrosinu za D-formu). Pfede-
v§im tak ale vznikly podklady pro dal$i racionalni postupy
pro analyzu SAR.

2. Biologicka aktivita jednotlivych analogi

Dalsim cilem bylo studium spekter biologickych akti-
vit jednotlivych analogl. Pro neurohypofyzarni peptidy je
typické, ze vykazuji pluripotentni aktivitu. Maji v riznych
proporcich uterokinetické, laktacni, vazopresorické a anti-
diuretické ucinky (a dalsi, spise farmakologicky zajimavé,
ucinky). Zmeéna spektra aktivity biologickych Wéinkid se
stala zajmem i zakladniho vyzkumu. Posun aktivit ve pro-
spech jedné z nich je Casto klinicky zadany.

Dva priklady:

1) Analoga se zvySenym pomérem vazopresorického/
antidiuretického u¢inku (analoga vasopresinu) syntetizova-
li R. A. Boissonnas, W. Doerpfner, St. Guttmann,
K. Saameli a E. Stiirmer ve vyzkumnych laboratofich fir-
my Sandoz v Basileji***. Klinicky vyznamny byl svého
casu  Octapressin® (2-fenylalanin-8-lysin-vasopresin),
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vykazujici pomér vazopresorickd/antidiureticka aktivita
2,58, uzivany pii lokalni anestezii. Pfidani této latky
k lokalnimu anestetiku zpisobilo vazokonstrikci a tim
prodlouzeny anesteticky ti¢inek a nizsi potfebu anestetika.
Pro tpravu hemodynamiky, zejména u hemoragického
Soku, byl navrhovan 8-ornitin-vasopresin (Ornipressin),
pfipadné jeho analog (2-fenylalanin-8-ornitin)-vasopresin
(pomér aktivit 4,0). Tyto latky, ve srovnéani s jinymi vazo-
aktivnimi aminy, byly vyrazn& vyhodngjsi™.

2) Mezi klinicky pouzivanymi analogy byl nejuspés-
né&jsi vasopresinovy analog prazské skupiny, 1-deamino-8-
D-arginin-vasopresin (DDAVP, Desmopressin, Minirin),
syntetizovany v laboratotich UOCHB (Milan Zaoral, Jaro-
slav Kolc, Frantiek Sorm)*'. Extrémné zvy$ena antidiure-
tickd aktivita pfi minimdlni aktivit¢ vazopresorické tento
analog pfedurcila byt téméf vyhradnim lékem pro substi-
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tucni terapii diabetes insipidus. Pozd¢ji bylo ndhodné zjis-
té€no, Ze tento analog zvySuje hladinu koagulac¢niho faktoru
VIII jako hematostatikum pfi mensich chirurgickych (napt.
stomatologickych) zasazich u osob s leh¢i formou hemofi-
lie a osob se sklonem k hemoragické diatéze.

3. Metabolicka stabilita neurohypofyzarnich
hormonii

Specifickym cilem biochemické skupiny na UOCHB
byla metabolicka stabilita (inaktivace a clearance) neuro-
hypofyzarnich hormont v souvislosti s jejich enzymovym
odbourdvanim in vivo. Tento zadmér vedl chemiky
k syntéze analogli s obménénymi misty potencialnich en-
zymovych atakii v molekulach nativnich hormont. Vznik-
lo tak n€kolik velice pozoruhodnych analog (obr. 2).

Pozice v peptidovem retézci
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Obr. 2. Modifikované pozice v molekule oxytocinu potencialné vedouci k prodlouZzenému biologickému ucinku, schematické zob-
razeni. Sekvence oxytocinu je naznac¢ena v hornim fadku, ve schematickych vzorcich jsou neobménéné pozice vyznaceny silnou teckova-
nou ¢arou. Obmeénéné pozice jsou oznaceny tenkou pierusovanou ¢arou (kruhy a ctyfthelniky)

£ Test na kryse. Pomér aktivit pro arginin-vasopresin (standard) je 1,0.



Chem. Listy 773, 675-685 (2019)

Predné byl ucinén pokus o chranéni peptidové vazby
na N-konci peptidu, tedy mezi koncovym cysteinem
a nasledujicim tyrosinem. Jiz v padesatych 1étech zjistili
Tuppy a Nesvadba®?, Ze oxytocin je v priibdhu tdhotenstvi
Stépen enzymem aminopeptidasového charakteru; pozdéji
byl oznacen jako sérova ¢i te¢hotenskd oxytocinasa. Za
Castecné empiricky potvrzeného ptfedpokladu, Ze amino-
peptidasy tuto vazbu nestépi, neni-li aminoskupina pfitom-
na, byl jiz du Vigneaudovou skupinou syntetizovany —
plné aktivni 1-deaminooxytocin rezistentni vii¢i enzymim
tohoto typu. Pozdg&ji bylo, opét v laboratofich UOCHB,
objeveno, ze vSechny oxytocinové a vasopresinové analo-
gy s vypusténou ¢i modifikovanou aminoskupinou skutec-
né vykazuji prodlouzené ucinky. Podobnd strategie byla
pouZita i pro dal$i mista moZného enzymového Stépeni, ¢i
vice versa k zodpovézeni otdzky, zda projektivni modifi-
kace takovych mist ve struktufe peptidu vede
k prodlouzeni G¢inku a tim k identifikaci dalSich inaktivu-
jicich enzymu. Tak se na ptikladu dalo prokazat, ze tyrosi-
nasa®" | jiny mozny inaktivatni enzym neurohypofyzar-
nich peptidd, je bez podstatného vlivu na kinetiku inakti-
vace: alkylace hydroxylové skupiny na druhé aminokyseli-
né oxytocinu ¢i vasopresinu délku ucinku vyrazné nezvy-
Suje. Protekéni zasahy na karboxylovém, resp. karboxami-
dovém, konci fetézce nemaji vliv na kinetiku biologickych
ucinkd, i1 kdyz farmakologové z Mount Sinai University
v New Yorku existenci enzymii §té€picich oxytocin na tom-
to konci popsali***>',

Disulfidovy mistek mezi obéma cysteinovymi fetézci
v pozici 1 a 6 zarucuje aktivni cyklickou konformaci mole-
kuly oxytocinu a s vyjimkou zminéné sérové oxytocinasy
patrné i resistenci vic¢i aminopeptidasam. Redukce, resp.
odstranéni, disulfidického mustku vede k téméf neaktivni-
mu ,,linearnimu* oxytocinu. Zda se, ze specificka reduk-
tasa oxytocinového mustku, kterd by vedla k inaktivaci
tohoto hormonu, neexistuje, i kdyz byla v biochemickych
laboratotich na UOCHB dlouho hledana. J. Rudinger
a K. Jos§t navrhli feSeni otazky vyznamu disulfidového
mistku pro aktivitu a inaktivaci oxytocinu zcela unikatnim
zpisobem. Navrhli ndhradu jednoho nebo obou atomi
siry neredukovatelnou ,,izosterni methylenovou skupi-
nou (-CH,-) o zhruba stejném molekularnim objemu jako
ma atom siry (obr. 2). Tak vznikly pozoruhodné slouceni-
ny s biologickymi aktivitami fadov€é srovnatelnymi
s nativni molekulou, oznadené jako ,,carba“-oxytociny’’.
Pod timto jménem jsou dnes zndmy v chemickém
a farmakologickém nazvoslovi mezinarodné. Kupodivu
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vSak nevykazuji zvlast’ prodlouzené ucinky, takze fyziolo-
gicky vyznam inaktivace neurohypofyzarnich peptidl re-
dukci disulfidického mustku byl timto pfinejmensim zpo-
chybnén®.

,»Chranéné* analogy umoznila nadto reverzni strategii
tzv. enzymovych sond (enzyme probes), tedy analyzu far-
makokinetickych procesii v blizkosti receptorii neurohypo-
fyzéarnich peptidd, tedy v tzv. receptorovém kompartmen-
tu®’. Vysledky, struéné shrnuté, svédéi o tom, Ze stabilita
peptidu, a tim i polocas ucinku, souvisi pfevazné se struk-
turou aminokyseliny na jeho aminovém konci (na N-o-
koncové aminokyseling). Kriticky inaktivujici enzym je
tedy aminopeptidasa typu oxytocinasy popsané jiz vysSe
zminénymi autory Tuppym a Nesvadbou™. Snaha o pro-
dlouzeni u¢inku, zvlast€¢ pro klinické vyuziti, vedla
k syntéze dalsi vyznamné skupiné oxytocinovych a vaso-
presinovych analogli, k tzv. ,syntetickym* hormonoge-
niim, u nichz byla na N-koncovou aminoskupinu pfipojena
dal3i aminokyselina & kratky peptid*®*' (obr. 2). Pfedpo-
kladalo se, ze takto upravené molekuly se budou in vivo
v prvém kroku enzymové §tépit aminopeptidasami,
a teprve pak ze dojde k uvoliiovani G€¢inného hormonu.
Farmakologické a imunologické podklady tento piedpo-
klad u oxytocinovych a lysin-vasopresinovych hormono-
genll plné potvrdily. Dva zvlasté nazorné ptiklady — Caso-
vé profily antidiuretického a vazopresorické¢ho ucinku
analogll lysin-vasopresinu — piinasi obr. 3. Klinicky se
uplatnil jako akutni prostiedek pfi krvacivych stavech
1-N-a-triglycyl-8-lysin-vasopresin (TGLVP, Terlipressin,
Glypressin), predev§im v pfipadé krvaceni z jicnovych
varixi, a to kvili svému vazokonstrikénimu/
hemostatickému Géinkuw’. O podobnych oxytocinovych
analozich, pfedev§im 1-N-o-triglycyl-oxytocinu a 1-N-a-
-leucyl-glycyl-glycyl-oxytocinu, existuje sice fada sdéleni
v literatufe, v gynekologicko-porodnické praxi se ale pfili§
neujaly. Vyhody ve srovnéni s oxytocinem se nezdaji byt
vyrazné.

4. Inhibice biologickych aktivit
neurohypofyzarnich hormonu

Vyzkum strukturnich analogt pisobicich jako inhibi-
tory biologickych aktivit neurohypofyzarnich hormond se
datuje od rovnéz spise nahodného nalezu inhibice vazopre-
sorického ucinku 8-arginin-vasopresinu 2-O-methyltyrosin-
oxytocinem na krysach. Jako prvni publikovali syntézu
tohoto analogu v roce 1960 Law a du Vigneaud”’; stalo se

" Enzym katalyzujici oxidaci fenolti v ortho-pozici k hydroxylové skuping tyrosinu (oxytyrosinasa), ¢i — za pfitomnosti
exogeniho kysliku — na chinony. Lze pfedpokladat, ze takto modifikovana molekula oxytocinu je biologicky neaktivni.

' Peptidy vzniklé odstépenim koncového glycinamidu zminénymi enzymy (karboxamidopeptidasami) — zvlasté desglycina-
mid-8-lysin-vasopresin — mohou mit &etné G¢inky na riizna mozkova centra®®. Dlouha 1éta se jimi zabyval David de Wied
(1925-2004) se spolupracovniky (zvlast¢ B. Bohus, T. B. van Wimersma Greidanus) na univerzit¢ v Utrechtu (Rudolf
Magnus Institut). Jde ovSem o u¢inky sekundarni; jejich regulacni fyziologicka funkce neni dostatecné dolozena.

I Podle neovéfenych sdéleni byl jako akutni protiSokovy prostiedek zajimavy pro sanitni sbory nékterych armad. Dalsi tes-
tovanou farmakologickou moznosti bylo pouziti Terlipressinu jako kontracepcniho prostiedku v prvnim trimestru.
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Obr. 3. Prodlouzeny ucinek syntetickych vasopresinovych analogi. Horni ¢ast: vazopresoricky efekt 1-N-a-triglycyl-8-lysin-
-vasopresinu (TGLVP) na kryse (tlak v kPa, arteria carotis). Dolni ¢ast: antidiureticky efekt TGLVP na hydratované kryse v alkoholické
anestezii (stav vodni diurézy). Ordinata: konduktivita kontinualné vymésované mo¢i (mS/cm). Na profilu TGLVP znadzoriuje prvni
vrchol vlastni antidiureticky efekt analogu, z néhoz se postupné uvolituje LVP (druhy vrchol). Davky (v nmolech) substance injikovany
do kanylované femoralni zily. Bilé trojuhelniky: lysin vasopresin (LVP), tmavé: hormonogen

tak kratce pred publikaci stejné latky v laboratofich
UOCHB*. Casovy rozdil obou publikaci byl velmi kratky.
Obé¢ skupiny pracovaly na syntéze nezavisle a téméf sou-
Casné. Prazska skupina vsak piesto v tomto piipad¢ ztrati-
la primat*. Aviak brzy nato publikovali biochemici
nického tc¢inku oxytocinu timto a dal$imi analogy modifi-
kovanymi v pozicich aminokyselin 2, 3 a 4 (cit.**, obr. 2).
Popsané objevy dosveédcuji, Ze tento typ strukturni modifi-
kace byl na UOCHB jiz dfive ve stiedu zajmu. Z praz-
skych vyzkumnych pracovist’ pochazeji pak dalsi studie
téchto analogl. Tykajici se farmakologicky vyznamného
jevu, a to zmény antagonismu v parcialni a plny agonis-
mus zménou pokusnych podminek*. Dodnes jsou vztahy
mezi strukturou analogl a jejich inhibi¢nimi vlastnostmi
celosvétové predmétem studii v Cetnych laboratofich. Jiz

na zlomu Sedesatych a sedmdesatych let shrnul Josef Ru-
dinger vysledky dosavadnich studii v né€kolika piehle-
dech®™*®. Prehled nov&jsich praci, zaméfeny prevazné na
vyznam antagonisticky pusobicich analogli neurohypofy-
zarnich peptidil a jejich mozné 1é¢ebné vyuziti, publikoval
nedavno Maurice Manning (University of Toledo College
of Medicine) se spolupracovniky z riiznych laboratoti*’.

5. Syntéza analogii s kombinacemi zmén na
ruznych pozicich peptidového fetézce

Obdobi izolovanych obmén, které¢ vedly k jiz zna-
mym zméndm biologickych aktivit, vystfidaly zhruba od
70. let pokusy s kombinacemi zmén na riznych pozicich
peptidového fetézce, motivované prevazné snahou piipra-
vit klinicky pouzitelnd farmaka. K tomu dvé poznamky.

¥ Jeden z autorti tohoto sd&leni (V. P.) si vzpomina, e Josef Rudinger se ihned po uveiejnéni syntézy skupinou du Vigne-
auda vyjadfil, Ze na primatu nezalezi, hlavné Ze analog byl syntetizovan. To je presvédcivy priklad vysoké védecké moral-

ky Josefa Rudingera.
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Prvni se tykd kumulace strukturnich zmén v jednotlivych
analozich. Tato nevede zpravidla ke kumulaci biologic-
kych vlastnosti spojenych se stavem jednotlivych pozic
v molekule. Vedla ov§em k syntéze fady pozoruhodnych
farmak. V pfipadé oxytocinu takto vznikly dnes klinicky
v porodnictvi hojné pouzivané 1éky carbetocin
(Duratocin®/Pabal®) a  (dnes jiz generikum) atosiban
(Tractocile® a dalsi generické nazvy jeho lékovych forem).

Poznémka druhé, biologicky fenomén charakterizova-
ny farmakologicky se nemusi nutné¢ v podobné formé pro-
jevit klinicky. Vyrazné se to tyka farmakokinetickych
vlastnosti konkrétnich latek, kdyz polocasy ucinkti méfe-
nych v pokusech ex vivo se li§i od pozorovani in vivo.
V klinické praxi pouZzivany analog vasopresinu, 1-deamino
-8-D-arginin-vasopresin (Desmopressin, DDAVP), vyka-
zoval v antidiuretickém testu pfi aplikaci ekvipotentnich
davek odpovidajicich 8-arginin-vasopresinu jen mirné
prodlouzeny polocas (nejspiSe  vlivem  vypusténi
aminoskupiny na N-konci), ale téméf dramaticky
prodlouzeny uc¢inek pfi intranazalnim podani pacientim
s diabetes insipidus. Pfi¢inou ovSem mulZe byt i vznik
depotnich forem, napiiklad vazbou peptidu ve velké davce
na bilkoviny a jeho postupného uvolnovéani. Podobny
efekt 1ze pozorovat u carbetocinu, 1-deamino-carba'-2-O-
-methyltyrosin-oxytocinu. Carbetocin se v dne$ni dobé
pouzivda v porodnictvi pro prevenci a/nebo 1écbu
peripartalniho Zzivot ohrozujiciho krvaceni. Jak jiz bylo
zminéno, samotna substituce -S- atomu skupinou -CH,-
neprodluzuje polocas rozpadu oxytocinu, avsak v klinické
situaci vyrazné prodlouzen¢ pulsobi. Klinicky vyznam
carbetocinu pak spociva v uterotonickém ucinku. Oproti
oxytocinu navozuje silngj§i a dlouhodobgjsi retrakci
myometria pfi porodu placenty ¢lovéka, tedy ve III. dobé
porodni. Proto je vedle preventivniho podani pouzivan
i 1é¢ebné, a to pifi poporodni hypotonii a/nebo atonii
hladké svaloviny délohy.

Dva protagonisté ve vyzkumu
neurohypofyzarnich peptidu v Praze

Od poloviny 50. do konce 60. let minulého stoleti byl
Cesky vyzkum obou hormonti neurohypofyzy zcela neroz-
luéné spojen s osobnostmi Josefa Rudingera a Frantiska
Sorma (1913-1980) (obr. 4). Prvni z nich byl uZ od po&at-
ku své akademické kariéry piedevSim sv€tové uznavany
chemik v oblasti peptidi. Byl spiSe konstruktivni teoretik
nez experimentator. Kvili svému neobycejnému jazykové-
mu nadani byl soucasné vynikajici organizator; dovedl
pohotové shrnout pohledy odbornikid riznych obort a for-
mulovat z nich védecké zavéry. Byl proto také vitanym
hostem na nejriznéjSich védeckych shromazdénich. Jako
prvni piiSel s mySlenkou inovativni syntézy oxytocinu
v Ustavu organické chemie a biochemie Ceskoslovenské
akademie v&d. AvSak vzhledem ke své rodinné historii
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Obr. 4. Josef Rudinger a FrantiSek Sorm (sedici), 1st Europe-
an Peptide Symposium, Prague 1958. Snimek patrné z archivu
jednoho z ucastnikl, prof. Dr. Maxe Brennera (Basel) zapijcil
a s reprodukcei souhlasil prof. Dr. Alex N. Eberle (Basel)

(otec odsouzen v procesech na pocatku 50. let k dlouhému
trestu odnéti svobody) by své myslenky v ranych létech
komunistické diktatury neuskute¢nil bez jednoznaéné pod-
pory druhého jmenovaného, profesora Frantiska Sorma,
tehdejsiho feditele UOCHB a pozdgjsiho prezidenta Ces-
koslovenské akademie véd.

Ngkolik slov k F. Sormovi. Byl pesvédéeny (snad?)
komunista, ¢len ustiedniho vyboru KSC, v dob& komunis-
ticktho rezimu poslanec Narodniho shromazdéni.
V tehdejsim totalitnim staté se tedy jednalo o pevné zakot-
venou osobnost. V prvé fadé byl ale profesor a védec. Jed-
nal pfimo, energicky a svoje tehdejsi postaveni nezneuZi-
val v neprospéch védy a sotva kdy k vlastnimu prospéchu.
»Kadrové® zalezitosti ho nezajimaly, kritériem pro vybér
spolupracovniki byl, snad jen s malymi vyjimkami, védec-
ky talent. Tim Ize i vysvétlit, Ze jednim z prvnich jim vy-
branych spolupracovniki byl Josef Rudinger, a to i pfes
jeho jiz zminénou rodinnou historii. Obsahly Zivotopis
Josefa Rudingera publikoval jako editorial v roce 2004
John Jones*®.

Zasluhou obou byla zaloZena tradice dodnes se rozvi-
jejicich Evropskych peptidovych sympozii: V dobg, kdy
komunisticky rezim naprosto zabranoval stykiim se Zapa-
dem, se prave prvni Evropské peptidové sympozium kona-
lo v roce 1958 v Praze. Toto svym stranickym vlivem,
z podnétu Josefa Rudingera, umoznil Frantisek Sorm.

! Jsou do dnesniho dne organizovany prostiednictvim European Peptide Society vzdy v sudych letech v jednotlivych evrop-

skych statech.
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Snad nejlépe bude tento pocin charakterizovat pasiz
z knihy The World of Peptides dvou vyznamnych chemi-
ki, Theodora Wielanda a Miklose Bodanszkyho, spolupra-
covnika Vincenta du Vigneauda4°: ,,We cannot enumerate
here Rudinger’s many valuable contributions to the metho-
dology of peptide synthesis or to the design of molecules
for specific pharmacological studies. It seems to be more
important to recall one of his ideas, that had and still has
a major impact on peptide chemistry. In 1958 he invited
the handful of European investigators active in peptide
research to participate in a symposium in Prague. This
first European Peptide Symposium was followed [...] by
meetings held in various locations in Europe. Their excell-
ence acted as a stimulus or perhaps as catalyst and led to
an unprecendent growth in research and understanding of
peptide chemistry. Not less important are the friendships
and collaborations formed at the Symposia. Their example
was followed in the United States and also Japan ... *

Po sovétské okupaci, jiz koncem srpna 1968, odesel
Josef Rudinger z Ceskoslovenska do Svycarska. Jako své-
toznamy védec se stal na jedné z nejlepSich evropskych
univerzit, Eidgendssische Technische Hochschule (ETH)
v Ziirichu, jednim z prvnich profesorii molekularni biolo-
gie. Vénoval se, vedle Cetnych dalSich ukold spadajicich
do povinnosti vysokoskolského profesora, spolu se svoji
skupinou az do své piedcasné smrti v roce 1975 nadéle
chemii a biologii peptidli. Avsak védecky nejproduktivnéj-
§i bylo bezesporu jeho Zivotni obdobi na prazském Ustavu
organické chemie a biochemie v Praze. Vyzkum peptida
ovSem na tomto ustavu pokracoval dale, pfesto Ze Rudin-
gerova nepiitomnost zanechala nepiekonatelnou mezeru.
Jeho roli ptevzalo nékolik vynikajicich chemikd, z nich je
na misté zminit alesponn Karla Josta (1932-1986), Karla
Podusku (71974, datum neovéfeno) a Milana Zaorala
(1926-2011) (obr. 5). Prvni dva rovnéz pfed¢asné zemfteli,
ve stejné dobé jako Josef Rudinger™. M. Zaoral se pak od
puvodni ,,peptidové skupiny®, vedené po odchodu Josefa
Rudingera Karlem Blahou (1926-1987), odpojil a vedl
vlastni nezavislou laboratof.

Oxytocin a vasopresin v laboratofich
a na klinikach v Praze

Dostupnosti analog, které pochazely z praci Rudinge-
rovy skupiny, iniciovala pozdéjsi farmakologicky, bioche-
micky a klinicky vyzkum neurohypofyzarnich hormont na
riznych pracovistich v Praze. V 60. letech existovala jiz
v Praze, zasluhou Frantiska Sorma, rozsahld komunikace
se zapadnimi a stfedoevropskymi pracovisti, predevsim
v Mad’arsku, v Polsku, v NDR, ve gvycarsku, ve Velka
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Obr. 5. 1st European Peptide Symposium, Prague 1958. Sni-
mek 0Castniki. Oznaceni jsou piislusnici peptidové skupiny
UOCHB (identifikace: VP a MF). (Archiv M. Brenner, viz
obr. 4)

Britanii a v Némecké spolkové republice. I v této dobé jiz
existovala mezinarodni vyména informaci a Casto i prepa-
ratd. Centralni osobou byl v tloze jakéhosi vyslance opét
Josef Rudinger. V té dobé¢ se stal prazsky vyzkum peptidi
soucasti svétového vyzkumu.

Biochemicky a z¢asti téz farmakologicky vyzkum byl
na Ustavu organické chemie a biochemie soustfedén
v oddéleni molekularni biologie, zpocatku v laboratofi
vedené Ivanem Rychlikem (Ivan Rychlik, Zdenka Beran-
kova-Ksandrova, Ivan Barto$ek, Vladimir Pliska, Tomi-
slav Barth, Tomas Dousa), posledni tfi jmenovani spolu
s dal$imi spolupracovniky v odd€lené laboratofi biochemie
a  farmakologie peptidi. Kromé metabolickych
a farmakokinetickych studii byl zijem zaméfen na anti-
diuretické a natriferické ucinky analogli vasopresinu
a oxytocinu. Farmakokinetickd charakteristika peptidi
a originalni antidiureticky test na kryse pochazejici z této
laboratofe se rozsifily ve farmakologickém vyzkumu
a farmaceutickém pramyslu®’.

Z UOCHB rovné&? pochazeji jedny z prvnich konfor-
macnich studii oxytocinu a jeho carba-analogi (Ivo Fric,
Milan Kodigek, Karel Jost, Karel Blaha’").

Velkou ¢ast farmakologického vyzkumu prevzal praz-
sky Vyzkumny tstav piirodnich 1é¢iv (Ivan Krejci, Ivo
Polacek, Béla Kupkova, Alena Machova a tada dalSich).
Odtud pochazi vétsina dat k uterotonickym a vazopresoric-
kym aktivitim peptidi z UOCHB. Ivan Krejéi se spolupra-
covniky se nadto zabyval zakladnimi otazkami farmakolo-
gie peptidi. Studovali inhibici uterotonického efektu oxy-

™V 70. 1étech zemielo nékolik peptidovych chemiki v Praze a v zahrani¢i (Italie, USA) pied dosazenim padesati let nebo
kratce po padesatce, nejméné tii z péti nam znamych s onkologickou diagn6zou. Podle nepotvrzené domnénky mohlo je-
jich onemocnéni souviset s dlouhodobou expozici dicyclohexylcarbodiimidem (DCC), bézné pouzivaného v chemii pepti-
du jako kondenzacni Cinidlo. Jeho kancerogenitu deklaruje National Institute of Health (NIH Publication No. 07-4426).
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tocinu, pfechody mezi plnym agonismem a antagonismem,
a vlivem vapniku a hof¢iku na tyto procesy. Jeho skupina
presla koncem 60. let do Vyzkumného tstavu pro farmacii
a biochemii. I tam pfetrvala tematika oxytocinovych ana-
log 70. 1éta a koncila az v novém tisicileti. Rovnéz, avsak
snad v mensi mife, spolupracovali v tomto Tustavu
s biochemickou skupinou UOCHB Karel Rezabek, Evzen
Kasafirek a Jaroslav Kyncl na syntéze, pfedevS§im vSak na
farmakologické charakteristice ~vazopresopresorickych
hormonogend.

Projekty z oboru kardiovaskularni farmakologie
a fyziologie vasopresinu byly az do pocatku 70. let sou-
Castmi programu Ustavu pro choroby ob&hu krevniho
v Praze-Kr¢i (Jifi Heller, n&jaky ¢as také Joseph H. Cort").

To je ovSem pouze strucny vycet prazskych farmako-
logickych a fyziologickych pracovist, kterd se na vyzkumu
»prazskych® analog oxytocinu a vasopresinu podilela. Do
tohoto proudu byla zapojena i fada prazskych klinickych
zafizeni, predevSim z oboru gynekologie a porodnictvi.
Zde patii zminit Ustav pro pé¢i o matku a dité (Vladimir
Brotanek, Stanislav Kazda, J. Hodr, C. Jungmannova,
J. Zidovsky) a Gynekologicko-porodnicka klinika fakul-
ty détského lékarstvi Univerzity Karlovy, dnes Gyneko-
logicko-porodnicka klinika 2. LF UK a Fakultni nemocni-
ce v Motole. V té dobé byl prednostou Alfréd Kotasek, po
ném Miroslav Biestak. Farmakologicky a klinicky vy-
zkum byl také pfedmétem endokrinologické laboratote III.
interni kliniky VSeobecné fakultni nemocnice v Praze
pod vedenim profesori Vladimira Holecka, Josefa Marka
a Vratislava Schreibera.

V roce 1968 zapocala spoluprace se Svédskou firmou
Ferring Likemedel AB, Malmo. Pokracovala pak prode-
jem licence na dADAVP/Desmopressin (pozd¢ji i prodejem
dalSich patenttl), ¢imz tato spole¢nost ziskala pravo vyra-
bét Desmopressin, Carbetocin/Pabal a Terlipressin
v zapadni Evropé a USA. Firma Léciva, n. p., jako soucast
trustu Spofa pak vyrabéla v jednom ze svych zavoda
v Praze-Komortanech stejné peptidy pro staty vychodni
Evropy a Sovétsky svaz.
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Prazsky vyzkum pozd€ji zménil svilj charakter a ori-
entoval se vice na klinickou farmakologii. Rada chemicko-
syntetickych a farmakologickych projekti se pak soustie-
dila nejprve v Malmd, pozdéji v dalsich pobockach této
rychle rostouci a zvétSujici se firmy ve svété. Prazsky
»Qriinderzeit“ ma zde sviij pfirozeny, presto velmi uspés-
ny konec.

Autori jsou zavdzani diky pani Mgr. Olze Stajnrtové z
Gynekologicko-porodnické kliniky 1. LF UK a VFN
v Praze za peclivé jazykové a vécné korektury rukopisu,
zvlaste pak za ovéreni a opravu citovanych udajii.
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O XNk

" Poznamka k osobé& Josepha H. Corta, jehoZ jméno se ¢asto objevuje mezi autory prazskych publikaci v 60. a 70. 1étech.
Cort emigroval v 50. létech z USA, udajn€ pfed hrozbou Zaloby ze strany komise McCarthyho, do Anglie a brzy poté nej-
prve do Polska a pak do Ceskoslovenska. Jako idajna obét’ pronasledovani komunisti na Zapadé byl oficialni Prahou vi-
tan. (Nutno podotknout, Ze pted kolegy v Praze pouZival zcela jiny, vii¢i komunismu satiricko-kriticky postoj.) Jako absol-
vent Yale University se pripojil k vyzkumnym pracim Josefa Rudingera, s kterym se tzce ptatelil. Mimo zminény ustav je
v publikacich uvadén jako jeho pracovi§té téz Fyziologicky ustav CSAV v Kréi (laboratof biologie peptidii). Byl bezesporu
nadanym experimentatorem, mél fadu originalnich navrhu, hlavné se tykaly vlivu neurohypofyzarnich hormoni na iontovy
metabolismus. O jeho moralnim profilu, alespon pokud $lo o védu, existovaly jiz tehdy v zasvécenych kruzich zna¢né po-
chyby. Mimo jiné byly vysledky jeho pokust Casto nereprodukovatelné. V roce 1976 se vratil do Spojenych statd, kde pu-
sobil nejprve na Mount Sinai Medical Center v New Yorku, pozdéji ve firmé Vega Biotechnologies, Tucson (Arizona).
Koncem roku 1982 vetejné priznal, Ze jeden z analogl vasopresinu, ktery tidajné farmakologicky testoval a na ktery mu byl
udélen americky patent, ve skutecnosti nebyl nikdy syntetizovan. O dal$ich jim deklarovanych podobnych peptidech rov-
néz neexistuji doklady, zda viibec kdy syntetizovany byly. Tento vysloveny podvod okamzité¢ vzbudil vefejny skandal
a ziejme ukoncil Cortovu kariéru (viz napi. New Scientist, January 6, 1983, New York Times, December 27, 1982 atd.).
Nastésti nevrhla tato historie dlouhé stiny na praci prazskych vyzkumnikd. Pokud vime, Cort si pak oteviel firmu ve
Wiesbadenu, kde se pokousel mimo jiné vyrabét také carbetocin.
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V. Pliska®, A. Patizek®, and M. Flegel® (“ Collegium
Helveticum, Swiss Federal Institute of Technology, Ziirich &
The University of Ziirich, Ziirich, Switzerland, ® Gynecology
and Obstetrics Department, First Faculty of Medicine,
Charles University, Prague, © Department of Chemistry of
Natural Compounds, University of Chemistry and Tech-
nology, Prague, Czech Republic): Oxytocin and Further
Uterotonic Peptide Agents: Their Early Research in
Prague

Amino acid sequence of oxytocin, identified already
in 1906 as the uterotonic component of neurohypophyseal
extracts, was established in 1953 by Vincent du Vigneaud
in New York and Hans Tuppy in Vienna. Its structure was
verified by the total synthesis one year after in the du
Vigneaud laboratory. In the following years, simplified
synthetic strategies elaborated in a number of laboratories
worldwide enabled structural modifications of individual
sites in the peptide chain, aiming at a detailed elucidation
of their influence upon pharmacologic features of oxyto-
cin. Frequently, these peptide analogues opened the way to
new, clinically useful drugs. The research on vasopressin,
the other main peptide hormone of posterior pituitary, un-
derwent a similar development.

Among the first who elaborated a more flexible alter-
native to du Vigneaud protocol was the peptide group at
the Institute of Organic Chemistry and Biochemistry,
Czechoslovak Academy of Sciences (UOCHB) in Prague,
chaired by Josef Rudinger. Its research activities were
broadly supported — sometimes even enabled — by Fran-
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tidek Sorm, director of the Institute. This opened a way to
an easier synthesis of oxytocin analogues. Design strategy
in Prague was focused on oxytocin analogues with an en-
hanced metabolic stability (prolongation of half-life in
vivo), and on analogues acting as inhibitors to its uteroto-
nic/galactobolic response. In the former case, design strat-
egy has originated from studies of enzymatic stability of
oxytocin, accomplished in the biochemical laboratories at
the UOCHB, or reported in earlier communications. Dose-
response and time-response behaviour of analogues in
which potential sites of enzymatic attacks were replaced
by resistant sequences, and modified peptides investigated
in a number of in situ and/or ex vivo pharmacological ex-
periments. Of particular interest were analogues in which
one or both sulphur atoms in the —S-S— bridge were re-
placed by the methylene group (-CH,—), the so-called car-
ba-analogues. Individual analogues of this series pos-
sessed, in various degrees, biological activities of oxytocin
but not a prolongation of their responses in pharmacologi-
cal models or in their physiological clearance. Thus, the
carba analogues document, firstly, that the integrity of the
disulfide bridge in not a necessary condition of oxytocin
(or vasopressin) activity, and secondly, that the —S-S—
bridge is not the rate determining site of neurohypophyseal
hormone inactivation in vivo. In an attempt to prolong the
action of oxytocin, its N-a-group was acylated by an addi-
tional amino acid or a short peptide, in expectation that
such analogues would act as prohormones: splitting of
additional substituent by tissue aminopeptidases would in
vivo produce “free” oxytocin (therapeutically, the ana-
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logues would act as oxytocin depots). A number of in vivo
experiments verified this “hormonogen” model and
brought forth some clinically interesting substances; some
of them are in use until now. In the latter case, the search
for structural modifications potentially leading to antago-
nism indeed brought some new antagonists but, in particu-
lar, contributed to the notion of continuous change from
“full” agonism via partial agonism to antagonism, accord-
ing to the tissue conditions. Such a change could have
been achieved for uterotonic response of several analogues
by changing calcium and magnesium concentrations in the
tissue medium.

Ideas originated by Rudinger’s group brought about
several clinically useful peptides like Carbetocin, Atosi-
ban, Glypressin, Terlipressin. Very successful was the
Prague vasopressin analogue dDAVP (Desmopressin)
licensed to the Swedish pharmaceutical company Ferring
Likemedel AB.

Josef Rudinger left Czechoslovakia in 1968 and be-
came a professor of molecular biology at the Swiss Feder-
al Institute of Technology (ETH). He passed away, 51
years old, in 1975.

Full text English translation is available in the on-line
version.

Keywords: oxytocin, vasopressin, neurohypophysis, endo-
crinology — neurohypophysial hormones, I. P. Pavlow,
secretin, carbetocin, dDAVP, deamino-D-arginine vaso-
pressin, desmopressin, atosiban, FrantiSek Sorm, Josef
Rudinger
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Historical note: Neurohypophysial hormones
and the origins of endocrinology

Endocrinology as an autonomous branch of biomedi-
cine was established at the turn of the 19th and 20th centu-
ries, predominantly thanks to British physiologists. The
name hormone was used first by physiologist Ernest Henry
Starling (1866-1927)" in the Croonian Lecture to the Roy-
al College of Physicians of London in June 1905. He used
the denotation “hormone” for substances produced by se-
cretory tissue and transported via the bloodstream to their
target tissue, where they induce functional changes®.
Starling demonstrated this definition on experiments with

pancreatic secretion, which he and another eminent Lon-
don physiologist, William Maddock Bayliss (1860—1924)?,
published in 1902. They proved that the pancreatic secre-
tion induced by stimulating the small intestine (duodenum)
with hydrochloric acid occurred even after complete de-
nervation of the intestine. Furthermore, they found that
intravenously administrated extracts of the intestinal tissue
incised after stimulation induce the same pancreatic re-
sponse as the acid stimulation or the postprandial stimula-
tion of the duodenum with food. This first accurate de-
scription of humoral regulation, as an alternative to a neu-
ral one, was of much broader significance in subsequent
investigations of manifold physiological processes. A hy-
pothetical, but already partially pre-purified stimulating
substance was denoted as “secretin”. Thus, secretin has
been referred to in the literature as the first demonstrated
hormone”.

Not quite rightly, indeed. The biological effects of
substances, later identified as hormones according to Star-
ling’s and Bayliss’ definition, were already known. In
1888, Oskar Minkowski (1858—1931) and Josef (Joseph)
Freiherr von Mering (1849-1908) described glycosuria in
dogs after removal of the pancreas®, thus opening the way
for the later identification and isolation of insulin. A few
years later, in 1895, physiological effects of extracts from
the adrenal glands, thyroid, spleen and pituitary* were
studied in the context of the then popular organotherapy®
by the London clinician George Oliver (1841-1915) and
the physiologist Edward Albert Schéfer (Sir Edward
Albert Sharpley-Schafer, 1850-1935), later Professor of
Physiology at the University of Edinburgh. In the case of
pituitary and adrenal extracts, they were particularly inter-
ested in the increase of arterial pressure as a consequence
of the primary effect — the vasoconstriction. William Harry
Howell (1860—1945)°, professor of physiology at John-
Hopkins University, E. A. Schifer and (Thomas) Swale
Vincent® (1868-1933)” then located the posterior lobe as
the site of occurrence of these active constituents (1898—
1899). Considering this, one can say that Oliver, Schéfer,

*Quote in Lancet' (p. 340) "...These chemical messengers [...] or ,hormones’ (from dpudw, I excite or arouse), as we might
call them, have to be carried from the organ where they are produced to the organ which they affect by means of the blood

stream ...".

® Bayliss and Starling come in this communication to conclusions opposite from Ivan Petrovich Pavlov (1849-1936), who
declared the direct and exclusive role of the nerve impulses and the presence of chyme in the duodenum in pancreatic se-
cretion. They discuss his findings critically and point to the existence of humoral regulation. Pavlov's paper (Nobel Prize in
Physiology or Medicine in 1904, two years after the publication of their results) is cited by the authors with considerable,
fully collegial respect and appreciation. However, they title the relevant chapter in their publication with a question mark:

VII. The normal mechanism, chemical or nervous?

¢ Organotherapy referred to the use of tissue extracts for therapeutic purposes.
4 British physiologist, later professor of physiology (University of Manitoba in Winnipeg, Canada).
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Howell and Vincent were the first who introduced bio-
chemical and pharmacological methods into endocrinolog-
ical research; endocrine functions of individual organs and
tissues had hitherto been studied by their surgical removal.
The hormones produced by the neurohypophysis, oxytocin
and vasopressin (later also referred to as antidiuretic hor-
mone — AHD), thus became important in the history of
endocrinology.

The uterotonic effect of pituitary extracts was first
described in 1906 by the London biochemist Sir Henry
Hallett Dale (1875-1968), the galactobolic effect by Isaac
Ott (1847-1916) and John C. Scott’ of the Medico-
Chirurgical College in Philadelphia. Harold Ward Dudley
(1887—1935), National Institute for Medical Research in
London, attempted to demonstrate the peptide nature of the
uterotonic component of neurohypophysis extracts by in-
cubating them with proteolytic enzymes'®. He ascribed
arapid decrease of their uterotonic activity to their cleav-
age by trypsin. However, this was rather a right-for-the-
wrong-reason conclusion as later measurements confirmed
that oxytocin is not cleavable by enzymatically pure tryp-
sin. Since pure enzyme preparations were still mostly un-
available in the 1920s, Dudley used in his experiments the
Pancreatin from the Merck company, an extract of pancre-
atic enzymes from various animal species. Dudley's results
could be explained by the enzymatically atypical cleavage
of oxytocin between the two terminal amino acids (leucine
at position 8 and glycinamide at position 9) by chymotryp-
sin'!; chymotrypsin was almost certainly present in Pan-
creatin. In any case, Dudley was the first to demonstrate
that oxytocin belongs to the group of protein-like sub-
stances.

This pioneering epoch is rounded off by the painstak-
ing work of researchers from the laboratories of Parke,
Davis and Co. in Detroit, MI. Here, in 1928, Oliver Kamm
and co-workers'? separated by an elaborate procedure
(repeated precipitation, desalting and extraction into or-
ganic solvents) neurohypophysial extracts into two frac-
tions — one showing predominantly uterotonic and the
other more vasoconstrictive activity. They further estimat-
ed (from the diffusion rate) the molecular weight of the
assumed uterotonic substance to be 600 Da (the molecular
weight of oxytocin was confirmed later to be 1007 Da),
and suggested that the vasoconstrictor component also
exhibited antidiuretic activity. R. M. Stehle and A. L.
Fraser'® reached even higher purity of both fractions in the
mid-1930s.  Using counter-current separation in
a water/2-butanol system (a technique introduced by
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Lyman C. Craig in 1944, cit.'*) Arthur H. Livermore and
Vincent du Vigneaud" obtained a pure substance with
high uterotonic activity. This preparation was then used in
the early 1950s by du Vigneaud (1901-1978) and his co-
workers to determine the amino acid sequence of oxytocin
by the so-called Edman degradation'®, and as a standard in
the synthesis of oxytocin'"'®,

Du Vigneaud and his large team of collaborators from
Cornell University Medical College (Ithaca, NY) is credit-
ed with the first chemical synthesis of vasopressin and
oxytocin. This work was soon awarded the Nobel Prize in
Chemistry to du Vigneaud (1955). The Nobel Committee's
Laudatio rightly describes his merits — and those of his
collaborators: "... for his work on biochemically important
sulphur compounds, especially for the first synthesis of
a polypeptide hormone...” However, as far as the determi-
nation of the oxytocin structure is concerned, the young
Austrian biochemist Hans Tuppy (¥1924), together with
his then collaborator Heribert Michl, achieved the same
almost in parallel with du Vigneaud under much more
modest technical and financial conditions than what du
Vigneaud's group had at their disposal. They determined
the amino acid sequence of oxytocin in a less pure oxyto-
cin preparation by chromatographic techniques'*** ©. The
credit for the determination of the primary structure of
oxytocin, a unique scientific accomplishment in its time,
does therefore not belong exclusively to du Vigneaud, but
also to H. Tuppy. In his Nobel Prize Lecture, du Vigneaud
downplayed this fact*> ",

In the following years, several laboratories published
alternative methods for the synthesis of oxytocin; contem-
porary synthetic schemes were summarized in illustrative
diagrams by R. A. Boissonas and St. Guttmann (Sandoz
A. G., Basel)®. One of them was an elegant synthesis
worked out in 1956 at the Institute of Organic Chemistry
and Biochemistry of the Czechoslovak Academy of Sci-
ences (IOCB) by Josef Rudinger (1924-1975) and his
collaborators Jan Honzl and Milan Zaoral***. Compared
to du Vigneaud's procedure, this "Prague method", as well
as the synthesis of oxytocin from the Sandoz laboratories
(R. A. Boissonnas and co.%®), proved to be methodologi-
cally advantageous and more practical for the user. The
“building block” procedure, the so-called “triplet” scheme
(Fig. 1), residing in the coupling of shorter peptides in-
stead of single amino acids, was utilised by numerous
other authors in the following years as an alternative to du
Vigneaud’s rather demanding procedure. The synthesis of
structural analogues of was thus greatly accelerated and

¢ Hans Tuppy already possessed in this field not only experience, but also significant results: in 1949, during a one-year
fellowship in F. Sanger's laboratory in Cambridge, he determined the structure of the B-chain of insulin. Frederick Sanger
highlighted his substantial contribution to the structure of insulin with appreciation in his first Nobel lecture *'(Chemistry
Prize 1958): "... the work on fraction B progressed so favourably and Tuppy worked so hard that by the end of the year we
were virtually able to deduce the whole of the sequence of its 30 residues."

Tt is of considerable interest that Tuppy, on the basis of data we had published along with some data of his own, arrived
at the same structure independently. Tuppy's proposal was based on the data from our laboratory on composition, molecu-

lar weight, terminal groups, as worked out by our use of the Sanger dinitrophenyl end group procedure ...

”22
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position in peptide chain
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Fig. 1. The oxytocin synthesis procedure used by Josef Rudinger's group in 1954. Indicated in the individual synthesis steps (vertical
axis) are the sequential interconnections of the individual components in a given step (amino acids and peptides from the preceding step).
The penultimate stage is "linear" oxytocin with cysteine at positions 1 and 6; its oxidation (closing the disulfide bridge) yields the active
oxytocin. The protecting groups in each stage are not shown; they are illustrated in the diagram in ref.?

facilitated studies of the relationship between the structure
of neurohypophysial peptides and their biological activi-
ties.

In the period after the publication of the first synthe-
ses of oxytocin and vasopressin, their designers were
mainly focused on isolated changes in the structure of indi-
vidual positions of the peptide chain. Combinations of
amino acids in a single peptide chain later led to the prepa-
ration of clinically remarkable drugs.

Structural analogues of neurohypophysial pep-
tides and pharmacological strategies

The Prague "building block" synthesis of oxytocin
and structurally altered molecules of oxytocin "in solution"
is occassionally used in industrial production even today.
However, the development of the “solid-phase” synthesis
by Bruce R. Merrifield (1921-2006), awarded with the
Nobel Prize in Chemistry in 1984, is nowadays the pre-
ferred method for the synthesis and manufacturing of pep-
tide drugs. Thanks to it, the synthesis itself ceased to be
the most important problem in the peptide drug design.
Rather, the problem of the strategy for choosing suitable

novel analogues moved into the field of pharmacology and
biochemistry. In studying the structure-activity relation-
ships (SAR) of neurohypophysial peptides, different re-
search laboratories focused on different objectives in the
following “pioneering” years.

1. Influence of individual functional groups or
bonds in the peptide chain

Du Vigneaud's group used mainly a "trial-and-error"
approach. The aim was to determine the role of individual
functional groups or bonds in a peptide in its biological
activities by modifying or omitting them. In this way, the
first interesting analogues were obtained — for example,
2-O-methyltyrosine-oxytocin®’ and 2-p-tyrosine-oxytocin
(substitution of the enantiomer of L-tyrosine for the
D-form). Above all, this provided the firm basis for further
rational procedures for SAR analysis.

2. Biological activity of individual analogues
Another objective was to study the spectra of biologi-

cal activities of individual analogues. Typically, neurohy-
pophysial peptides exhibit a pluripotent activity. They



Chem. Listy 773, 675-685 (2019)

exhibit uterotonic, galactobolic, vasopressor and antidiu-
retic effects (and other, rather pharmacologically interest-
ing effects) in different proportions. A shift of activities in
favour of one of them is often clinically desirable.

Two examples:

1) Vasopressin analogues with an increased vasopres-
sor/antidiuretic ratio were synthesized by R. A. Boissonnas,
W. Doerpfner, St. Guttmann, K. Saameli and E. Stiirmer in
the research laboratories of Sandoz in Basel**. Clinical
use found one of them, 2-phenyl-alanine-8-lysine-
vasopressin (Octapressin®), displaying the vasopressor/
antidiuretic activity ratio 2.5%: in combination with local
anaesthetics it caused a local vasoconstriction, thus pro-
longing the anaesthetic effect at lower requirement of an-
aesthetics. Other analogues of this kind, 8-ornithine-
vasopressin (Ornipressin), or its analogue (2-phenylalanine-
8-ornithine)-vasopressin (activity ratio 4.0), were proposed
for the adjustment of hemodynamics in emergency medi-
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cine, particularly in the haemorrhagic shock. These sub-
stances, in comparison with vasoactive amines, were sig-
nificantly more advantageous’.

2) Among the clinically used analogues of this kind,
the most successful was the vasopressin analogue of the
Prague group, 1-deamino-8-Dp-arginine-vasopressin
(DDAVP, Desmopressin, Minirin), synthesized in the la-
boratories of IOCB (Milan Zaoral and Jaroslav Kolc)®'.
Extremely increased antidiuretic activity with minimal
vasopressor activity predestined it to be the almost exclu-
sive drug in a replacement therapy of diabetes insipidus.
Later, it was accidentally discovered that this analogue
increases the level of coagulation factor VIII in blood plas-
ma, and the peptide has also been used as a haemostatic
agent during minor surgical (e.g., dental) interventions in
persons with a milder form of haemophilia and persons
prone to haemorrhagic diathesis.
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Fig. 2. Modified positions in the oxytocin molecule potentially leading to prolonged biological activities; schematic representation.
The sequence of oxytocin is shown in the top row; in schemes of analogues a thick dotted line indicates unmodified positions, a thin

dashed line (circles and quadrilaterals) indicates altered positions

£ Rat assay. The activity ratio for arginine-vasopressin (standard) is 1.0.
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3. Metabolic stability of neurohypophysial
hormones

The specific aim of the biochemistry group at the
IOCB was the metabolic stability (inactivation and clear-
ance) of neurohypophysial hormones in relation to their
enzymatic degradation in vivo. This aim led the chemists
to synthesize analogues with modified sites of potential
enzyme attack in the native hormone molecules and result-
ed in several very remarkable analogues (Figure 2).

First, an attempt was made to protect the peptide bond
at the N-terminus of the peptide, i.e., between the terminal
cysteine and the following tyrosine, against enzymatic
cleavage. As early as in the 1950s, Tuppy and Nesvadba*?
found that oxytocin is inactivated during pregnancy by
cleavage at this position by an enzyme of aminopeptidase
nature; this enzyme was later termed serum (or pregnancy)
oxytocinase. Under the partially confirmed assumption
that aminopeptidases cannot cleave this bond unless the
amino group is present, du Vigneaud's group synthesized
a fully active 1-deaminooxytocin. It was later found, again
in the laboratories of the IOCB, that all oxytocin and vaso-
pressin analogues with an omitted or modified amino
group indeed exhibit prolonged effects. A similar strategy
was used for other conceivable enzyme cleavage sites, or
vice versa, for answering the question whether prospective
modifications of such sites in the peptide structure lead to
a prolonged action, and hence to the identification of addi-
tional inactivating enzymes. As an example, it could be
demonstrated that tyrosinase®™", another potential inacti-
vating enzyme of neurohypophysial peptides, is without
significant effect on the inactivation kinetics: alkylation of
the hydroxyl group on the second amino acid of oxytocin
or vasopressin does not significantly increase the length of
action. Protective interference at the carboxyl or carbox-
amide end of the chain does not markedly affect the kinetics
of biological effects, although pharmacologists at Mount
Sinai University in New York described***> the existence
of cleaving enzymes at the C-terminus of oxytocin.

The disulfide bridge between the two-cysteine side
chains in positions 1 and 6 maintains the active cyclic con-
formation of the oxytocin molecule and, with the excep-
tion of the aforementioned serum oxytocinase, probably
also resistance to aminopeptidases. Reduction or removal
of the disulfide bridge leads to an almost inactive "linear"
oxytocin. There does not seem to exist a specific reductase
of the oxytocin disulfide bridge that would lead to inacti-
vation of this hormone, although it has long been sought in
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the biochemical laboratories at the IOCB. J. Rudinger and
K. Jost proposed a unique proof of the role of the disulfide
bridge in the activity and inactivation of oxytocin. It con-
sists in the replacement of one or both sulphur atoms with
a non-reducible "isosteric" methylene group (-CH,-) of
approximately the same molecular volume as the sulphur
atom (Fig. 2). This let to remarkable compounds with bio-
logical activities of the order of the native molecule. They
are now known in chemical and pharmacological nomen-
clature under the name "carba"-oxytocins®’. Surprisingly,
however, they do not exhibit particularly prolonged
effects, so that the physiological significance of the inacti-
vation of neurohypophysial peptides by reduction of the
disulfide bridge could at least been questioned™®.

As mentioned above, synthesis of potentially
"protected" analogues also enabled a reverse strategy, by
using them as the so-called enzyme probes for the analysis
of pharmacokinetic processes near the corresponding re-
ceptors in the so-called receptor compartment’. The re-
sults, briefly summarized, indicate that the stability of the
peptide, and thus the half-life of its effect, is mainly related
to the structure of the amino terminal end. Thus, the criti-
cal inactivating enzyme is an aminopeptidase of the oxyto-
cinase type*’. The desire to prolong the action, especially
for clinical use, led to the synthesis of another important
group of oxytocin and vasopressin analogues, the so-called
"synthetic" hormonogens, in which an additional amino
acid or short peptide’™*' was attached to the N-terminal
amino group (Fig. 2). It was assumed that in molecules
such modified would in vivo be the additional group in
a first step enzymatically split off by aminopeptidases,
followed by release of the active hormone. Pharmacologi-
cal and immunological evidence has fully confirmed this
assumption for oxytocin and lysine-vasopressin hormono-
gens. Two particularly illustrative examples — time profiles
of the antidiuretic and vasopressor effects of lysine-
vasopressin analogues — are presented in Fig. 3. Owing to
its vasoconstrictor/haemostatic effect’, one of them, 1-N-a-
-triglycyl-8-lysine-vasopressin ~ (TGLVP, Terlipressin,
Glypressin), was used in clinics as an acute agent in bleed-
ing conditions, especially in oesophageal variceal bleed-
ings. Even though there are several reports in the literature
on similar oxytocin analogues, especially 1-N-a-triglycyl-
oxytocin and 1-N-a-leucyl-glycyl-oxytocin, they have not
gained much attention in gynaecological and obstetric
practice. The advantages compared to oxytocin do not
seem to be substantial.

" Oxytyrosinase: an enzyme catalysing the oxidation of tyrosine in the ortho-position to the hydroxyl group into quinones.
(It can be assumed that the oxytocin molecule thus modified is biologically inactive).

' Peptides formed by cleavage of the terminal glycinamide by the enzymes mentioned above (carboxamidopeptidases) — in
particular desglycinamide-8-lysine-vasopressin — can have numerous effects on various brain centres**. For many years,
David de Wied (1925-2004) and his collaborators (especially B. Bohus, T. B. van Wimersma Greidanus) at the University
of Utrecht (Rudolf Magnus Institute) have been working on these. However, such effects are secondary; their regulatory

physiological function is not well documented.

7 According to unverified reports, it was of interest to the ambulance services of certain armies, as an acute anti-shock
agent. Tested, but not applied, was also the use of Terlipressin as a contraceptive in the first trimester of pregnancy.
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Fig. 3. Prolonged effect of synthetic vasopressin analogues. Top: vasopressor effect of 1-N-o-triglycyl-8-lysine-vasopressin (TGLVP)
on rat (blood pressure in arteria carotis, kPa: kilopascal,). Lower part: antidiuretic effect of TGLVP on hydrated rat under alcoholic an-
aesthesia (state of water diuresis); ordinate: conductivity of continuously emptied urine (mS/cm). The TGLVP profile shows the intrinsic
antidiuretic effect of the analogue (first peak) and of gradually released LVP (second peak). White triangles: lysine vasopressin (LVP),
dark: TGLVP. From*'. The numbers next to the triangles indicate the dose (in nmoles) of the respective substance injected into the cannu-

lated femoral vein.

4. Inhibition of biological activities
of neurohypophysial hormones

Research on structural analogues acting as inhibitors
of neurohypophysial hormone activities dates back to the
rather accidental finding that 2-O-methyltyrosine-oxytocin
inhibits the vasopressor effect of §-arginine-vasopressin in
rats. Law and du Vigneaud?” were the first to publish the
synthesis of this analogue in 1960. This was shortly before
the publication of the same substance in the laboratories of
the IOCB*. The two groups worked on the synthesis inde-
pendently and almost simultaneously, the time difference
between the two publications was very short. The Prague
group nevertheless lost the primacy hand in this case®.
Soon afterwards, however, biochemists from IOCB pub-
lished a more systematic study dealing with inhibition of

the uterotonic response to oxytocin by this and other ana-
logues modified at amino acid positions 2, 3 and 4 (cit.*,
Fig. 2). The discoveries described therein confirm that this
type of structural modification had previously been a focus
of interest at the IOCB. Inhibition studies of these ana-
logues were then carried out at various research institutes,
in collaboration with the IOCB groups. They concern
a pharmacologically significant phenomenon, namely the
change of antagonism into partial and full agonism by
changing the experimental conditions*’. To date, the rela-
tionships between the structure of the analogues and their
inhibitory properties are subject of studies in numerous
laboratories worldwide; at the turn of the sixties and
seventies J. Rudinger summarized the results of previous
studies in several reviews"*. Maurice Manning
(University of Toledo College of Medicine) and his

¥ One of the authors of this communication (V. P.) remembers that Josef Rudinger, immediately after the publication of the
synthesis by the group of du Vigneaud, pointed out that the primacy did not matter — the main thing was the analogue had
been synthesized. This is a convincing example of J. Rudinger's high scientific ethics.
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collaborators from various laboratories’’ have recently
published a review of recent studies pointing to a possible
therapeutic use of inhibitory properties in clinics.

5. Analogues with combinations of changes at
different positions of the peptide chain

The period of isolated variations leading to already
known changes in biological activities was followed, from
about the 1970s, by syntheses of analogues with combina-
tions of changes at different positions of the peptide chain.
The motivation was primarily the possibility of using such
analogues as clinically useful pharmaceuticals.

Two comments on this: first, the accumulation of
structural changes in individual analogues does not gener-
ally lead to an overlapping of biological properties associ-
ated with them in the resulting molecule. Despite of it, the
synthesis of such combined peptides led to a number of
remarkable drugs. In the case of oxytocin, these drugs are
known as carbetocin (Duratocin®/Pabal®) and atosiban
(Tractocile® and other trademarks), which are now widely
clinically used in obstetrics.

Note two, a pharmacologically characterized biologi-
cal phenomenon may not manifest itself equally in a clini-
cal situation. This can be demonstrated with the pharmaco-
kinetic properties of specific substances, where the half-
lives of effects observed in in vivo pharmacological exper-
iments differ from clinical observations. A therapeutically
utilised vasopressin analogue, 1-deamino-8-D-arginine-
vasopressin  (Desmopressin, DDAVP), showed only
a slightly prolonged half-life in the antidiuretic test when
administered at equipotent doses corresponding to
8-arginine-vasopressin (most likely due to the deletion of
the amino group at the N-terminus), but an almost dramati-
cally prolonged effect when administered intranasally to
patients with diabetes insipidus. However, this may also
be due to the formation of depot forms, for example by
binding of the peptide in large doses to protein carriers and
its slow gradual release. A similar effect was observed
with carbetocin, 1-deamino-carba'-2-O-methyltyrosine-
oxytocin. As already mentioned, a substitution of
the -S-atom by the -CH,- group alone does not prolong the
half-life of oxytocin, but in clinical conditions it shows
a markedly prolonged effect. Compared to oxytocin, it
induces a stronger and more prolonged retraction of the
myometrium during delivery of the human placenta, i.e., in
the third stage of labour. It is therefore used therapeutically
for prevention of the life-threatening peripartum
haemorrhage in postpartum hypotonia and/or atony of the
uterine smooth muscle.
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Fig. 4. Josef Rudinger and FrantiSek Sorm (seated), 1st Euro-
pean Peptide Symposium, Prague 1958. The photograph proba-
bly originates from the archive of one of the participants, Prof.
Dr. Max Brenner (Basel); it is reproduced here with the consent
of Prof. Dr. Alex N. Eberle (Basel).

Two protagonists in research neurohypophysial
peptides in Prague

From the mid-1950s to the end of the 1960s, Czech
research on the two hormones of the neurohypophysis was
inseparably linked with the personalities of Josef Rudinger
and Frantidek Sorm (1913-1980) (Figure 4). The former
was, from the beginning of his academic career, a world-
renowned peptide chemist. J. Rudinger was by nature
a constructive theoretician rather than an experimenter. In
addition, due to his extraordinary linguistic talents, he was
capable to readily summarize the views of experts in dif-
ferent fields and readily formulate scientific conclusions
from them. This made him a welcome guest at various
scientific meetings. He was the first to come up with the
idea of an innovative synthesis of oxytocin at the IOCB.
However, since his father was sentenced by dubious courts
in the early years of the communist dictatorship to a long
prison term in the early 1950s, he would scarcely have
been given a chance to implement his ideas. This was only
possible thanks to the unequivocal support of the second
appointee, Professor Frantisek Sorm, then Director of the
IOCB and later President of the Czechoslovak Academy of
Sciences.

A few words about F. Sorm. He was (perhaps?)
a convinced communist, a member of the Central Commit-

"' To date, they are organised through the European Peptide Society in even-numbered years to be held alternately in differ-

ent European countries.
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tee of the Communist Party of Czechoslovakia, during the
communist regime a member of the National Assembly. In
the totalitarian state of that time, he was a firmly estab-
lished personality. Primarily, however, he was an academi-
cian, a professor and a scientist. He acted directly, energe-
tically and did not abuse his position to the detriment of
science and hardly ever to his own advantage. He was not
interested in "cadre" matters; his criterion for selecting
collaborators was, with perhaps only a few exceptions, the
scientific talent. This explains the fact that one of the first
collaborators he chose was J. Rudinger, despite his afore-
mentioned family history. John Jones* published a com-
prehensive biography of J. Rudinger as an editorial in
2004.

Thanks to both, the tradition of the ever-evolving
European Peptide Symposia' was established: at a time
when the communist regime largely prevented contacts
with the West, the first European Peptide Symposium was
held in 1958 in Prague. Initiated by J. Rudinger, it was
made possible by F. Sorm through his party influence.
This venture is perhaps best characterized by a passage
from the book The World of Peptides by two eminent
chemists, Theodor Wieland and Miklos Bodanszky, du
Vigneaud’s associates®: | We cannot enumerate here
Rudinger’s many valuable contributions to the methodolo-
gy of peptide synthesis or to the design of molecules for
specific pharmacological studies. It seems to be more im-
portant to recall one of his ideas, that had and still has a
major impact on peptide chemistry. In 1958 he invited the
handful of European investigators active in peptide re-
search to participate in a symposium in Prague. This first
European Peptide Symposium was followed [...] by meet-
ings held in various locations in Europe. Their excellence
acted as a stimulus or perhaps as catalyst and led to an
unprecedented growth in research and understanding of
peptide chemistry. Not less important are the friendships
and collaborations formed at the Symposia. Their example
was followed in the United States and also Japan. *.

After the Soviet occupation, at the end of August
1968, J. Rudinger left Czechoslovakia for Switzerland. As
a world-renowned scientist, he became one of the first
professors of molecular biology at one of Europe's top
universities, the Eidgendssische Technische Hochschule
(ETH) in Zurich. He and his group continued to deal with
the chemistry and biology of peptides, along with numer-
ous other tasks that fall within the duties of a university
professor, until his untimely death in 1975. However, the
most scientifically productive period of his life was un-
doubtedly at the IOCB in Prague. Peptide research, how-
ever, continued at this institute, even though Rudinger's
absence left an insurmountable gap. His role was taken
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Fig. 5. 1st European Peptide Symposium, Prague 1958. Photo-
graph of participants. Members of the peptide group of the IOCB
are marked (identification: VP and MF). (Archive of M. Brenner,
see Fig. 4)

over by several outstanding chemists, among whom it is
worth mentioning at least Karel Jost (1932-1986), Karel
Poduska (1974, date unverified) and Milan Zaoral
(1926-2011) (Figure 5). The first two also died premature-
ly, at the same time as J. Rudinger™. M. Zaoral then broke
away from the original peptide group, led by Karel Blaha
(1926-1987) after J. Rudinger's departure, and ran his own
independent laboratory at the IOCB.

Oxytocin and vasopressin in other laboratories
and clinics in Prague

The accessibility of analogues derived from the work
of Rudinger's group initiated later pharmacological, bio-
chemical and clinical research on neurohypophysial hor-
mones at various institutes in Prague and in then Czecho-
slovakia. In the 1960s, there already existed an extensive
communication between Prague and Western as well as
Central European research centres, especially in Hungary,
Poland, East Germany, Switzerland, Great Britain, the
Federal Republic of Germany, and North America. Those
centres exchanged information and frequently also unique
specimens. The central person was again J. Rudinger in the
role of a kind of ambassador. At that time, peptide re-
search in Prague became part of world research.

Biochemical and partly also pharmacological research
at the IOCB was concentrated in the Department of Molec-

™ In the 1970s, several peptide chemists in Prague and abroad (Italy, USA) died before or shortly after the age of 50, at
least three out of five known to us, with a cancer diagnosis. According to an unconfirmed hypothesis, their illness could be
related to a long-term exposure to dicyclohexylcarbodiimide (DCC), commonly used in peptide chemistry as a condensing
agent. The National Institute of Health (NIH Publication No. 07-4426) declared its carcinogenicity.
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ular Biology, initially in the laboratory headed by Ivan
Rychlik (Ivan Rychlik, Zdenka Berankova-Ksandrova,
Ivan BartoSek, FrantiSek Kalousek, Vladimir Pliska,
Tomislav Barth, Tomas Dousa), and later (by the last three
mentioned, together with other collaborators) in a separate
laboratory of biochemistry and pharmacology of peptides.
In addition to metabolic and pharmacokinetic studies, in-
terest was focused on the antidiuretic and natriferic effects
of vasopressin and oxytocin analogues. The pharmacoki-
netic characterization of peptides and the antidiuretic rat
assay developed in the latter laboratory®® was used in other
pharmacological research centres and in pharmaceutical
industry.

One of the earliest conformational studies of oxytocin
and its carba-analogues (Ivo Fri¢, Milan Kodicek, Karel
Jost, Karel Blaha®") also originated from the IOCB.

Much of the pharmacological research was taken over
by the Prague Research Institute of Pharmacy and Bio-
chemistry (Ivan Krej¢i, Ivo Polacek, Béla Kupkova, Alena
Machova and many others). Most of the data on uterotonic
and vasopressor activities of peptides came from this insti-
tute. Ivan Krej¢i and his collaborators also dealt with basic
questions of peptide pharmacology: they studied the inhi-
bition of the uterotonic effect of oxytocin, the transitions
between full agonism and antagonism, and the influence of
calcium and magnesium on these processes. The topic of
oxytocin analogues persisted there through the 1970s and
ended in the new millennium. Also, but perhaps to a lesser
extent, Karel Rezdbek, Evzen Kasafirek and Jaroslav
Kynél collaborated with the biochemical group of the
IOCB on the synthesis, mainly on the pharmacological
characterization of vasopressor hormonogens.

Projects in the field of cardiovascular pharmacology
and vasopressin physiology were part of the agenda of the
Institute of Cardiovascular Research in Prague-Kr¢ until
the early 1970s (Jifi Heller, for some time also Joseph H.
Cort").

This is, however, only a brief list of pharmacological
and physiological departments in Prague that participated
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in the research of "Prague" analogues of oxytocin and
vasopressin. Several Prague clinical facilities, mainly in
the field of gynaecology and obstetrics, were also involved
in this community. Here we should mention the Institute
for Mother and Child Care (Vladimir Brotanek, Stanislav
Kazda, J. Hodr, C. Jungmannova, J. Zidovsk}'/) and the
Gynaecology and Obstetrics Clinic of the Faculty of
Paediatrics of Charles University, now the Gynaecology
and Obstetrics Clinic of the 2nd Faculty of Medicine of
Charles University and the University Hospital in Motol.
At that time, Alfréd Kotasek was its head, after him
Miroslav Biest'dk. Pharmacological and clinical research
was also the subject of the endocrinology laboratory of the
IIT Internal Clinic of the General University Hospital in
Prague under the direction of Professors Vladimir
Holecek, Josef Marek and Vratislav Schreiber.

In 1968, the cooperation with the Swedish company
Ferring Liakemedel AB, Malmd began. This continued
with the grant of the patent licence for dDAVP/
Desmopressin (and later of other patents), whereby the
company obtained the rights to manufacture Desmopres-
sin, Carbetocin/Pabal and Terlipressin in Western Europe
and the USA. Léciva, n.p., as part of the Spofa Trust, then
produced the same peptides for the countries of Eastern
Europe and the former Soviet Union at one of its plants in
Prague-Komotany.

Later, Prague research changed its character and be-
came more oriented towards clinical pharmacology. Nu-
merous chemical and pharmacological projects were then
concentrated first in Malmé and later in other branches of
the rapidly growing and expanding Ferring company
worldwide. The Prague "Griinderzeit" has its natural, yet
very successful end here.

The authors are indebted to Ms. Mgr. Olga Stajnrtovd,
Department of Obstetrics and Gynaecology, 1st Faculty of
Medicine of Charles University and General University
Hospital in Prague, for careful proofreading of the Czech
version of this manuscript, especially for verification and

" Note on the person of Joseph H. Cort, whose name often appears among the authors of Prague publications in the 1960s
and 1970s. Cort emigrated from the USA in the 1950s, allegedly under the threat of prosecution by the McCarthy Commis-
sion, to England and soon afterwards first to Poland and then to Czechoslovakia. As an alleged victim of communist perse-
cution in the West he was, in the time of the communistic regime, welcomed by official Prague. (It should be noted that in
contacts with his colleagues in Prague he used a completely different, satirical-critical attitude towards communism.) As
a Yale University graduate, he joined the research work of Josef Rudinger, with whom he was a close friend. Apart from
the aforementioned institute, his workplace is also listed in publications as the Institute of Physiology of the Czechoslovak
Academy of Sciences in Kr¢ (as “laboratory of peptide biology”). He was undoubtedly a gifted experimenter and had many
original proposals, mainly concerning the influence of neurohypophysial hormones on water and ion metabolism, and on
the cardiovascular system. His moral profile, at least as far as science was concerned, was already in considerable doubt in
insider circles. Among other things, the results of his experiments were often not reproducible. In 1976, he returned to the
United States, working first at Mount Sinai Medical Center in New York and later at Vega Biotechnologies Inc., Tucson,
AR. In late 1982, he publicly admitted that one of the analogues of vasopressin, which he had allegedly tested pharmaco-
logically and for which he had been granted a US patent, had actually never been synthesised. There is also no evidence
that several other peptides claimed by him have ever been synthesised. This evident fraud immediately caused a public
scandal and apparently ended Cort's academic career (see, e.g., New Scientist, January 6, 1983, New York Times, December
27, 1982, etc.). Fortunately, this history did not cast long shadows on the work of Prague researchers. As far as we know,
Cort then opened a company in Wiesbaden (Germany), where he attempted, among other things, to produce carbetocin.
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correction of the cited data. Thanks are due to Dr. Paul
Pliska for reviewing the English version of the manuscript.

On the current occasion: The pharmaceutical com-
pany FERRING Pharmaceuticals CZ s.r.o. donated
through the Vita et Futura Endowment Fund, by way of the
Czech Red Cross, large quantities of Carbetocin to help
women in childbed in war-affected areas of Ukraine. Car-
betocin is in obstetrics one of the life-saving drugs for
treatment of perinatal bleedings, it is one of the peptides
that resulted from the cooperation between Prague and
Swedish researchers, as mentioned in this report. As a
result of the aggressive Russian invasion, medical care in
Ukraine is presently struggling with great difficulties. Our
thanks for this efficient help go to the organizations men-
tioned above, to the director of FERRING in Prague Ing.
Branislav Kotlarik, to the President of the Czech Red
Cross Dr. Marek Jukl and to all persons who participated
in this humanitarian action.
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Abstract

The amino acid sequence of oxytocin, identified al-
ready in 1906 as the uterotonic component of neurohypo-
physial extracts, was established in 1953 by Vincent du
Vigneaud in New York and Hans Tuppy in Vienna. Its
structure was verified by the total synthesis one year after
in the du Vigneaud laboratory. In the following years, sim-
plified synthetic strategies elaborated in a number of labor-
atories worldwide enabled structural modifications of indi-
vidual sites in the peptide chain, aiming at a detailed eluci-
dation of their influence upon pharmacologic features of
oxytocin. Frequently, these peptide analogues opened the
way to new, clinically useful drugs. The research on vaso-
pressin, the other main peptide hormone of posterior pitui-
tary, underwent a similar development.

Among the first who elaborated a more flexible alter-
native to du Vigneaud protocol was the peptide group at
the Institute of Organic Chemistry and Biochemistry,
Czechoslovak Academy of Sciences (UOCHB) in Prague,
chaired by Josef Rudinger. Its research activities were
broadly supported — sometimes even enabled — by Fran-
tiek Sorm, director of the Institute. This opened a way to
an easier synthesis of oxytocin analogues. Design strategy
in Prague was focused on oxytocin analogues with an en-
hanced metabolic stability (prolongation of half-life in
vivo), and on analogues acting as inhibitors to its uteroto-
nic/galactobolic response. In the former case, design strat-
egy has originated from studies of enzymatic stability of
oxytocin, accomplished in the biochemical laboratories at
the UOCHB, or reported in earlier communications. Dose-
response and time-response behaviour of analogues in
which potential sites of enzymatic attacks were replaced
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by resistant sequences, and modified peptides investigated
in a number of in situ and/or ex vivo pharmacological ex-
periments. Of particular interest were analogues in which
one or both sulphur atoms in the -S-S- bridge were re-
placed by the methylene group (-CH,-), the so-called carba-
analogues. Individual analogues of this series possessed, in
various degrees, biological activities of oxytocin but not
a prolongation of their responses in pharmacological
models or in their physiological clearance. Thus, the carba
analogues document, firstly, that the integrity of the disul-
fide bridge in not a necessary condition of oxytocin (or
vasopressin) activity, and secondly, that the -S-S- bridge is
not the rate determining site of neurohypophysial hormone
inactivation in vivo. In an attempt to prolong the action of
oxytocin, its N-a-group was acylated by an additional
amino acid or a short peptide, in expectation that such
analogues would act as prohormones: splitting of additional
substituent by tissue aminopeptidases would in vivo pro-
duce "free" oxytocin (therapeutically, the analogues would
act as oxytocin depots). A number of in vivo experiments
verified this "hormogenic" model and brought forth some
clinically interesting substances; some of them are in use
until now. In the latter case, the search for structural modi-
fications potentially leading to antagonism indeed brought
some new antagonists but, in particular, contributed to the
notion of continuous change from "full" agonism via par-
tial agonism to antagonism, according to the tissue condi-
tions. Such a change could have been achieved for utero-
tonic response of several analogues by changing calcium
and magnesium concentrations in the tissue medium.

Ideas originated by Rudinger's group brought about
several clinically useful peptides like Carbetocin, Atosi-
ban, Glypressin, Terlipressin. Very successful was the
Prague vasopressin analogue dDAVP (Desmopressin)
licensed to the Swedish pharmaceutical company Ferring
Lakemedel AB.

Josef Rudinger left Czechoslovakia in 1968 and be-
came a professor of molecular biology at the Swiss Federal
Institute of Technology (ETH). He passed away, 51 years
old, in 1975.

Keywords: oxytocin, vasopressin, neurohypophysis, endo-
crinology — neurohypophysial hormones, I. P. Pavlow,
secretin, carbetocin, dDAVP, deamino-p-arginine vaso-
pressin, desmopressin, atosiban, Frantisek Sorm, Josef
Rudinger
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