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Physiologia

BEITRAGE ZUR CHOLINESTERASE IN VIVO

I. BESTIMMUNG DER CHOLINESTERASEAKTIYITAT IN VIVO
Von

O. Fehér und E. Bokri
PHYSIOLOGISCHES INSTITUT DER MEDIZINISCHEN UNIVERSITAT, DEBRECEN

(Eingegangen am 23. Oktober 1959)

Es wurde eine Methode zur Bestimmung der Cholinesteraseaktivitit de»
Ganglion cervicale superius von Katzen ausgearbeitet. Die Methode besteht darin, daf
man das Ganglion von Locke-L6sung durchstromen 1&48t, welche Substrate der Cholin-
esterase (Azetylcholin, Azetyl-/3-methylcholin, Athylchlorazetat) und ihre Inhibitoren
(Eserin, TEPP, Prostigmin) enthé&lt und die Differenz zwischen der Substratkonzentra-
tion des ein- und ausstrémenden Perfusats chemisch bestimmt. Diese Differenz ergibt
sich aus der Cholinesteraseaktivitdt des Ganglions.

Uber die Cholinesteraseaktivitit des Ganglion cervicale superius der
Katze stehen mehrere Angaben zur Verfligung. So werden laut Glick [1]
von der gangliondren Cholinesterase je Sekunde und Gramm 0,1 fig Azetyl-
cholin, nach den Angaben von Nachmansohn [2] je Stunde und Gramm 400—
600 mg Azetylcholin abgebaut. Koeltle und Mitarbeiter [4, 5, 6] haben die
Lokalisation beider Cholinesterasearten in den sympathischen Ganglien unter
Anwendung einer histochemischen Methode ziemlich genau festgestellt. Die
unspezifische oder pseudo-Cholinesterase konzentriert sich im interstitiellen
Bindegewebe und im Gliagewebe, die spezifische oder Azetylcholinesterase in
den prégangliondren Endigungen und in der Membran der Ganglienzellen.

Im Hinblick darauf, dal wirim Rahmen anderer Versuche [7, 8] die Rolle
des Azetylcholin-Cholinesterasesystems im ProzeR der gangliondren Impuls-
Ubertragung untersuchten, ergab sich die Notwendigkeit, eine AktivitdtsmeR-
methode auszuarbeiten, die uns im Verlauf der Impulsiubertragung, der gang-
liondren Erregung, ein Bild der Cholinesterasefunktion vermittelt. Es mufite
demnach eine Methode geschaffen werden, welche die Aktivitdt in vivo bestimmt.

Hierzu boten sich prinzipiell zwei Mdglichkeiten. 1. Inkubation des her-
ausgeschnittenen Ganglion cervicale superius in Substratlosung bei entspre-
chender Temperatur und Sicherung der Sauerstoff- und Ndahrstoffversorgung.
2. Perfusion des Ganglions mit der Substratldsung und Messung der Differenz
zwischen der Konzentration der ein- und ausstrémenden Substratlésung, d. h.
der »arterio-vendsen« Substratdifferenz.

Eine der im 1 Punkt erwdhnten analogen Methode haben Schieyer u.
Mitarb. [9] am elektrischen Organ des Torpedo electricus angewandt, Seidlitz
[10] hingegen am Froschmuskel. Die Perfusionsmethode wurde von Marnay

1 Acta Physiologica XV II1/1.



2 0. FEHER und E. BOKRI

und Nachmansohn [11] am Hundemuskel, von Bikow und Prawditsch-
Neminskaja [12] am sympathischen Ganglion benutzt.

Im einzelnen untersuchten wir folgende Fragen;

1. Ist die Konzentrationssenkung, die bei der Perfusion der Azetyl-
cholinlésung durch das Ganglion eintritt, der Cholinesteraseaktivitdt zu-
zuschreiben?

2. Ist der gewonnene Aktivitdtswert von den Perfusionsbedingungen
(Stromungsgeschwindigkeit, Diffusion und Konzentration des Substrats)
abhéangig?

3. Wie grofR ist die Fraktion der Cholinesteraseaktivitdt des Ganglions,
die sich bei der Perfusion messen l4Rt?

Methode

Das Ganglion cervicale superius von Katzen, die mit 80 mg/kg Chloralose i. p. narko-
tisiert worden waren, perfundierten wir nach der Methode von Kibjakow [3] mit Locke-
Losung, welche die verschiedenen Substrate der Cholinesterase in unterschiedlicher Menge
enthielt. Die Suhstratkonzetration der durch die Artéria carotis communis einstromenden
und durch die Yena jugularis interna ausstrémenden Lésung wurde biologisch [13] und nach
der chemischen Methode von Hestrin [14] bestimmt.

Im Verlauf der Versuche kamen folgende Substrate zur Anwendung; Azetylcholin,
Azetyl-/?-methylcholin, Athylchlorazetat. Als Inhibitor benutzten wir Eserin, Tetradthyl-
pyrophosphat (TEPP) und Prostigmin.

In einigen Versuchen bestimmten wir die Cholinesteraseaktivitdt des Ganglion cervi-
cale superius auch in vitro. Die Methode dieser Bestimmung haben wir in einer friheren Mittei-
lung [7] beschrieben.

Ergebnisse

1. Ist die Konzentrationssenkung, die bei der Perfusion der Azetylcholin-
16sung durch das Ganglion eintritt, der Cholinesteraseaktivitdt zuiuschreiben?

Zur Beantwortung dieser Frage wandten wir zweiMethoden an: a) Im Falle
der Cholinester reazetylierten wir zwecks der Bestimmung des Cholingehalts das
ausstromende Perfusat, b) Zusammen mit den Substratlésungen fihrten wir
die spezifischen Cholinesteraseinhibitoren in das Ganglion ein.

a) Als Beispiel der ersten Methode sei ein Versuch demonstriert: das
Ganglion cervicale superius wurde mit Azetylcholinlésung von 540 /tg/ml
nomineller Konzentration perfundiert. Der Versuch ergab folgende Resultate;

Tabelle 1
a—V Diff. Nach
AchBr. /Ltg/ml Reazetylierung
Hg/ml Ach [Ugml
Einstromung 534 — 598
Ausstromung | 496 38 604
” 7 500 34 588

” 11 496 38 592
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Wie aus den Angaben in Tabelle | ersichtlich, ist der Cholingehalt des
ein- und ausstromenden Perfusats innerhalb der Fehlergrenzen des Reazety-
lierungsverfahrens [15] als konstant zu betrachten, dieim Verlaufder Perfusion
auftretende arterio-vendse Differenz demnach nicht einer im Cholingehalt
eingetretenen Verdnderung zuzuschreiben. Da aber bei der UESTRiNschen
Methode die Menge der C-O-C-Bindungen gemessen wird, a8t sich die
Konzentrationssenkung im ausstromenden Perfusat auf die Azetylcholin-
hydrolyse zuriuckfihren.

b) Hiernach ergibt sich die Frage, ob die im Verlauf der Perfusion ein-

tretende Azetylcholinhydrolyse nicht auf einer von der Cholinesteraseaktivitat
unabhdngigen Wirkung beruht. Es war daher nd6tig, neben dem Substrat
auch die spezifischen Cholinesteraseinhibitoren in das Ganglion einzufihren
und zu untersuchen, ob diese eine Senkung oder Hemmung der Hydrolyse
bewirken. Einen derartigen Versuch zeigen die Tabellen Il und III.

Tabelle 11
Ach Hydrolyse
fi-g/ml fig/ml
Locke
Einstrémung 504 —
Ausstromung 464 40
10=«<M TEPP
Einstrémung 478 —
Ausstromung | 480 0
Ausstromung 11 478 0
Tabelle 111
Ach Hydrolyse
/<g/ml lig/ml
Lokce
Einstromung 522 —
Ausstromung | 464 58
Ausstromung Il 472 50
1 0 Prostigmin
Ausstromung 522 0

Im folgenden Versuch wurde als Substrat Athylchlorazetat (ACA), als
Inhibitor Eserin in der Konzentration 10—M benutzt.
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Tabelle 1V

Konzentration des einstromenden Perfusats

- 300 /zg/ml ACA +
300 /2g/ml ACA 1036 Eserin

Hydrolyse | 7,56 /lg/min 3,51 //g/min
7,56 Pb/min 3,51 /ig/min

Yon Eserin wurde die Athylchlorazetathydrolyse auf weniger als die
Halfte herabgesetzt, aber nicht vollstdindig gehemmt, was mit den Resultaten
Schleyers [9) am elektrischen Organ (bereinstimmt. Seiner Ansicht nach
beruht dies darauf, dal im elektrischen Organ auch eine andere Esterase
anwesend ist, welche Athylchlorazetat abzubauen vermag.

Aus den unter a) und b) beschriebenen Versuchen wurde gefolgert, dafl die
Konzentrationssenkung der durch das Ganglion cervicale superius perfundierten
Azetylcholin-Locke-Lésung auf die Cholinesteraseaktivitdt des Ganglions zu-
rickgefuhrt werden mufR.

Koelle u. Mitarb. haben nachgewiesen, dall beide Cholinesterasearten in
den sympatischen Ganglien Vorkommen. Das spezifische Substrat der pseudo-
-Cholinesterase ist Butyrylcholin, das der Azetylcholinesterase Azetyl-/?-methyl-
cholin. Bei der Perfusion beider Substrate durch das Ganglion war Hydro-
lyse zu beobachten, woraus geschlossen werden darf, dal beide Formen der
Cholinesterase auch im intakten Ganglion aktiv sind.

Als Beispiel fur die Hydrolyse von Azetyl-/3-methylcholin sei folgender

Versuch angefuhrt:

Tabelle V
Ac-/3-me1hylcholin- a—V Differenz
oxm

Einstrémung 107,2

Ausstromung 104,8 2,4
Einstromung 1308 —
Ausstromung 1188 120
Einstrémung 12160 —
Ausstromung 10800 1360

2. EinfluRl derphysikalischen Perfusionsbedingungen aufdas Ausmaf der
Hydrolyse

Wenn das in der Locke-Ldsung strémende Substrat aus den GefaRen
austritt und auf dem Wege der Diffusion die Ganglienzellen und praganglio-
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ndren Endigungen oder andere cholinesterasehaltige Strukturen erreicht, so
ergibt sich die Frage, ob die physikalischen Bedingungen der Perfusion (Druck,
Stromungsgeschwindigkeit, Konzentration) das Ausmal der festgestellten
Hydrolyse beeinflussen.

Bei dem Mechanismus der Substratkonzentrationssenkung im Perfusét
durfte es sich darum handeln, dafl das in den interzelluldiren Raum, an die
Oberflache der Zellen gelangte Substrat von der Cholinesterase hydrolysiert
wird. Dies zieht die Konzentrationssenkung des Substrats in der interzellu-
ldren Flussigkeit nach sich, die durch die Diffusion aus den Gef&Ren kompen-
siert wird. Folgende Gleichung bringt die Geschwindigkeit der Substrat-
konzentrationssenkung zum Ausdruck:

~ A~ = kCO (1)
dt

in der de die Konzentrationsverdnderung, dt die Zeit, k die Konstante der
Hydrolysengeschwindigkeit und CO die Ausgangskonzentration bedeutet.
Die Substratkonzentration der interzelluldren Flissigkeit entspricht dem-
gemaR Zeit t dem Beginn der Hydrolyse folgend

B C,= COe-* 2)

wo Ci die Zeit t nach Beginn der Hydrolyse gemessene Substratkonzentration
bezeichnet. Die in der interzelluldren Flissigkeit eintretende Konzentrations-
senkung betrdgt demnach auf Grund der Gleichungen (1) und (2)

dC = CO (l-e-*%) (3)

In Anbetracht dessen, dalR Azetylcholin nach den Berechnungen Ogstoins
[16] uUber sehr groRe Diffusionsfahigkeit verfugt, weiterhin der extra- und
intravasale Raum des Ganglions auf grofer Fldche miteinander im Kontakt
stehen, konnen wir die Substratkonzentration der beiden Raume als identisch
annehmen. Das Ausmal der Hydrolyse haben wir in der je ml abgebauten
Substratmenge gemessen. Die in der Gleichung (3) vorkommende Zeitt bezeich-
net somit — in Minuten — diejenige Zeitdauer, in welcher 1 ml Flussigkeit
durch das Ganglion stromt, d. h. mit der Cholinesterase in Kontakt bleibt.
Diese Zeitdauer ist naturgemdR von den verschiedenen Perfusionsgeschwindig-
keiten abhdngig. Der fc-Wert 148t sich aus der Gleichung (3) errechnen, wenn
wir sie folgendermalRen verdndern:

k = In (4)
t CO0-AC

Wenn wir t mit der zur Durchstrémung von 1 ml erforderlichen, in
Minuten gemessenen Zeit substituieren, so gewinnen wir aus den Resultaten
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eines Versuches bei den verschiedenen Perfusionsgeschwindigkeiten folgende
k-Werte:

Tabelle VI

Perfusionsgeschwindigkeit
ml/min (V) 0,05 0,24 0,45 0,51 0,60 0,84

Zur Durchstrémung von
1 ml erforderliche

Zeit, in Min. (t) 20 4 2,22 1,95 1,66 1,18
Geschwindigkeitskonstante
(K) 0,013 0,015 0,017 0,018 0,019 0,022

Die Substratkonzentration war in diesem Versuch 572 [Ag/m\. Wie Tabelle
VI zeigt, ist der k-Wert bei mittleren und hohen Perfusionsgeschwindigkeiten
nahezu konstant, und eine wesentliche Abweichung von diesem Wert besteht
nur bei sehr niedriger Perfusionsgeschwindigkeit. Bei dem erwé&hnten Versuch
war zwischen der arterio-vendsen Azetylcholindifferenz, dem /IC-Wert und der
Perfusionsgeschwindigkeit folgende Korrelation Festzustellen (Abb. 1).

Wenn wir nunmehr den Wert k mit 0,017 annehmen und den Zusammen-
hang zwischen AC und der Perfusionsgeschwindigkeit aufzeichnen, so sehen

Ach fjg/m!
200. F

V ml/min

Abb. 1. Die Abhéngigkeit der arterio-vendsen Azetylcholinkonzentrationsdifferenz
(AC) und der je Minute hydrolysierten Substratmenge von der Perfusionsgeschwindigkeit.
Ordinate: Arterio-vendse Substratkonzentrationsdifferenz in /zg/ml; Abszisse: Perfusionsge-
schwindigkeit mI/min. Kontinuierliche Linie: Versuchskurve; gestrichelte Linie: nach Gleichung
(3) errechnete Kurve. CO = 572 /zg/ml. Strichpunktierte Linie: je Minute hydrolysierte Sub-
stratmenge in /zg/min. Der Wert von k betragt fir die errechnete Kurve 0,017
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wir, dall die Versuchsergebnisse und die errechnete Kurve nur bei sehr niedriger
Perfusionsgeschwindigkeit wesentlich voneinander abweichen, hingegen bei
mittlerer und hoher Perfusionsgeschwindigkeit gut Ubereinstimmen. Bei nied-
rigen Perfusionsgeschwindigkeiten dirfte die Abweichung darauf beruhen,
daB in einem Teil der Kapillaren bei niedrigem Druck keine Substratlésung
stromt, so dal vom Enzym weniger Substrat erreicht und infolgedessen das
Resultat der Hydrolyse niedriger wird. Aus der Ubereinstimmung bei den
mittleren und hohen Perfusionsgeschwindigkeiten darfaber geschlossen werden,
daR die Gleichung (3) die Kinetik der im Verlauf der Perfusion vor sich gehen-
den Hydrolyse mit ann&hernder Genauigkeit widergibt. In Abb. 1 ver-
bindet die kontinuierliche Linie die im Versuch ermittelten Werte, die ge-
strichelte Linie die errechneten Werte.

In anderen Versuchen stellten wir folgende Geschwindigkeitskonstanten
der Azetylcholin- und Azetyl-/?-methylcholinhydrolyse fest: Azetylcholin =
0,016, 0,013, 0,015; Azetyl-/?-methylcholin = 0,0012, 0,0011.

Bei gleicher Untersuchung der Athylchlorazetatspaltuiig ergaben sich
auf Grund der Gleichung (3) folgende Geschwindigkeitskonstanten: 0,080,
0,076, 0,051, 0,088.

Die je Minute hydrolysierte Substratmenge (AC mV) mufR nach der Glei-
chung (3) praktisch konstant sein, was jedoch nicht bei jedem Versuch der
Fall war. Bei niedrigen Perfusionsgeschwindigkeiten war die je Minute hydroly-
sierte Substratmenge wiederholt geringer. Wie bereits erwédhnt, dirfte das
darauf zurlickzufuhren sein, dal der Kontakt zwischen Enzym und Substrat
durch die bedeutende Senkung des Perfusionsdrucks infolge der Verringerung
der durchstromten Kapillaren beeintrdchtigt wird. Reale Hydrolysewerte treten
daher laut Abb. 1im Ganglion cervicale superius nur bei einer 0,25 ml/min tGber-
steigenden Perfusionsgeschwindigkeit in Erscheinung. Die Verdnderungen der
je Minute hydrolysierten Substratmenge gibt in Abb. 1 die strichpunktierte
Linie wieder.

Marnay und Naciimainsohn fllj haben nach der Perfusionsmethode
die Cholinesteraseaktivitdt des Muskels untersucht und in bezug auf den Zu-
sammenhang zwischen der Perfusionsgeschwindigkeit und arteriovendsen
Konzentrationsdifferenz ein mit unserem Ergebnis Ubereinstimmendes Resul-
tat festgestellt. Die Verdnderung der in der Zeiteinheit abgebauten Substrat-
menge im Verhéltnis zur Perfusionsgeschwindigkeit tritt bei ihnen noch aus-
gepragter in Erscheinung, was darauf hindeutet, dal das, was wir Uber die
Kapillardurchstromung bei verschiedenen Perfusionsdruckwerten oben gesagt
haben, fir den Muskel in noch héherem MaRe gilt. Marnay und Nachmansohn
folgerten aus ihren Resultaten, dafl der Muskel zwei Cholinesterasen enthdlt:
ein rasch hydrolysierendes, in geringer Menge konzentriertes und ein langsam
hydrolysierendes, in groBer Menge diffus lokalisiertes Enzym. Die parallel zur
Perfusionsgeschwindigkeit zutage tretende Hydrolysesteigerung fiuhren sie
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darauf zuriick, dal bei rascher Perfusion genigend Substrat mit dem rasch
hydrolysierenden Enzym in Kontakt kommt und die abgebaute Substratmenge
gréBer sein wird, wéhrend die vom langsam hydrolysierenden Enzym abge-
baute Menge wegen seiner diffusen Lokalisation von der Perfusiousgeschwindig-
keit weniger beeinfluBt wird. Diese Erkldrung von Marnay und Nachmansohn
stimmt mit der unsrigen im wesentlichen Uberein, obwohl die genannten
Autoren die quantitativen Zusammenhédnge der Hydrolyse und Perfusions-
geschwindigkeit auf andere Weise festzustellen suchten.

3. Vergleich der in vivo und in vitro gewonnenen Aktivitédtsergebnisse

Wird die Cholinesteraseaktivitdt bei der Perfusion gemessen, so stellt
sich schlieflich die Frage, wie groRl die Fraktion der gesamten Cholinesterase-
aktivitdt des Ganglions ist, die nach dieser Methode bestimmt werden kann.
Zugleich aber besteht die Mdglichkeit, die Permeabilitdtsverhdltnisse der ver-
schiedenen Substrate und Inhibitoren zu untersuchen. Zuerst untersuchten
wir die Frage mit dem gut diffundierenden Athylchlorazetat, das zugleich
ein gutes Substrat der Cholinesterase bildet. Im Verlauf der Versuche bestimm -
ten wir nach der Perfusionsmethode die ire-iuvo-Aktivitdt des Ganglions,
wonach wir es homogenisierten und auch die Hydrolyse in vitro feststellten.
Einige Ergebnisse dieser Versuche sind in Tabelle VII zusammengefalt.

Tabelle VII
ACA-Konz. Hydrolyse Hydrolyse Invivo im Prozentsatz
lig/ml in vitro in vivo von in vitro
jug/min Ixg/min
270 26,6 18,9 71
353 40,0 33,1 83
357 32,5 15,1 49*

* Der Versuch erfolgte mit niedriger ausstromender Tropfenzahl.

In der GroBenordnung stimmt das Verhéltnis des Abbaus in vivo und
in vitro mit den Angaben Schieyers [9] Uberein, der am elektrischen Organ des
Torpedo electricus ermittelte, da von den in der Substratlésung inkubierten
Schnitten des elektrischen Organs etwa 60—63% der nach Homogenisierung
hydrolysierten Menge abgebaut worden waren. Aus Tabelle VII geht hervor,
daB Athylchlorazetat bei intakter Struktur nicht imstande ist, die gesamte,
es hydrolysierende Enzymmenge durch Diffusion zu erreichen. Es ist mdglich,
dall das Ganglion eine Esterase enthdlt, die in ihrer Natur und Lokalisation
mit der Cholinesterase nicht identisch ist. Auf diese Tatsache kann aus den
Angaben Schileyers [9] ebenso wie aus unserem in Tabelle IV mitgeteilten
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Versuch geschlossen werden. Diese Esterase wird von Eserin wahrscheinlich
nicht gehemmt.

Im Zusammenhang mit Azetylcholin und Azetyl-/S-methylcholin haben
wir das Verhdltnis der Hydrolyse in vivo und in vitro gleichfalls untersucht.
Diese Frage wollen wir indessen, da sie auch zu verschiedenen anderen Beob-
achtungen geflihrt hat, in einer spdteren Mitteilung behandeln.

Die nach der Perfusionsmethode vorgenommenen Versuche erhellen in ge-
wisser Hinsicht auch die Permeabilitdtsverhéltnisse der Cholinesterase-Inhibi-
toren. Beider Besprechung des 1. Punktes erwé&hnten wir bereits die Hemmungs-
wirkung von Eserin auf die Hydrolyse von Athylchlorazetat in vivo. Tabelle
IV ist zu entnehmen, dall Eserin in vivo nur wenig mehr als zu 50% imstande
ist, die Athylchlorazetathydrolyse zu hemmen. Diese Tatsache 4Rt den SchluR
zu, dall es nicht die gesamte Athylchlorazetat hydrolysierende Enzymmenge
zu erreichen vermag. Dies ist mdglicherweise darauf zuruckzufihren, daf
auch die sympathischen Ganglien ein Enzym enthalten, das zum Abbau von
Athylchlorazetat imstande, aber mit der Cholinesterase weder in seiner
Struktur noch Lokalisation identisch ist.

Aus der Tatsache, dall die Azetylcholinhydrolyse mit 10 6 M TEPP
100%ig gehemmt werden kann, ziehen wir den Schluf}, dall die Permeabilitdts-
verhéltnisse von Azetylcholin und TEPP im grolen ganzen ubereinstimmen.
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(Eingegangen am 23. Oktober 1959)

Die Azetylcholin- und Azetyl-~-methylcholinhydrolyse durch die Cholinesterase
des invivo perfundierten und dann homogenisierten Ganglion cervicale superius der Katze
wurde untersucht. Azetylcholin ergab in vitro eine glockenférmige Substratkurve,
woraus hervorgeht, dal das Ganglion hauptsédchlich Azetylcholinesterase enthalt. In
vivo zeigten die Werte groe Streuungen. Azetyl-/i-methylcholin ergab in vitro eine
glockenférmige Substratkurve, in vivo jedoch die fur Pseudocholinesterase charakteri-
stische S-formige Substratkurve. Es darf daher angenommen werden, dafl die Kinetik
der Azetylcholinesterase unter diesen Umstdnden mit der in vivo festgestellten Kine-
tik nicht Gbereinstimmt.

Nachdem wir in der vorigen Mitteilung [1] gekl&rt haben, welche Fak-
toren die Azetylcholinhydrolyse im Perfusionsversuch in vivo regulieren, unter-
suchten wir die Frage, ob besondere kinetische Gesetzmé&Rigkeiten zur Geltung
kommen, wenn die Cholinesterase ihre Aktivitdt an die Struktur gebunden, an
ihrer Entstehungstelle ausibt. Zu diesem Zweck untersuchten wir die Azetyl-
cholin- und Azetyl-/?-methylcholinhydrolyse in Perfusionsversuchen in vivo
und suchten diese mit der Cholinesteraseaktivitdt von Ganglionhomogenaten
zu vergleichen. Aus den Versuchsergebnissen errechneten wir auch die Dissozia-
tionskonstanten der Ganglioncholinesterase nach der graphischen Methode
von Lineweaver und Burk [2].

Methode

Die Bestimmung der Cholinesteraseaktivitdt des Ganglions durch Perfusion in vivo
haben wir friher beschrieben [3].

Die Aktivitat der Homogenate wurde nach folgender Methode festgestellt: Die beid-
seitigen oberen Halsganglien von 5 mit 0,1 g/kg Hexobarbital narkotisierten Katzen beiderlei
Geschlechts wurden herausgeschnitten, gewogen und mit Locke-Lésung im Porzellanméorser
homogenisiert. 1 ml Homogenat enthielt 10 mg Feuchtgewicht Ganglion. Die Inkubationsge-
mische hatten folgende Zusammensetzung:

Homogenat . 0,500 ml
Veronal-HCI-Puffer pH 7,2 1,000 ml
Azetylcholin-HCI (10 mg/ml) 0,543 m1(3-10-3M)
Destilliertes Wasser ad 3,000 ml

Vom Inkubationsgemisch wurden in der 0. Minute der Inkubation 0,2— 1,0 ml entnom -
men; die Hydrolyse wurde durch Zugabe von 1 ml 10%iger Trichloressigsdure abgestellt.
Nach Filtration bestimmten wir die Azetylcholinkonzentration des Gemisches nach der Hes-
TRiNschen Methode [4]. Ahnlich gingen wir mit dem in der 30. Minute der Inkubation imW asser-
bad bei 37° C entnommenen Inkubat vor.
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In anderen Versuchen wurde die Hydrolyse von Azetyl-yS-methylcholinbromid nach
diesem Verfahren untersucht.

Wir verwendeten bei den Versuchen Azetylcholin HCI (Hoffmann-La Roche) und
Azetyl-/?-methylcholin HBr (Light & Co.).

Ergebnisse

Azetylcholinhydrolyse in vivo und in vitro. Die Untersuchung der Cholin-
esterase mit der Perfusionsmethode in vivo wird durch den Umstand erschwert,
daB an einem Ganglion die Hydrolyse nur bei einer, h6chstens bei zwei Konzentra-
tionen untersuchtwerden kann, weil die Enzymaktivitdt nach einer gewissen Zeit
abnimmt. Da die Aktivitdt der Ganglien individuell ziemlich verschieden ist,
zeigen die in vivo bei verschiedenen Konzentrationen gewonnenen Azetyl-
cholinhydrolysewerte der einzelnen Ganglien grofle Streuungen. Zur Feststel-
lung kinetischer GesetzméRigkeiten sind sie daher wenig geeignet.

Die bei der Hydrolyse von Azetylcholin in vivo gewonnenen Resultate
enthdlt Tabelle I.

Tabelle 1
Substratkonzentration Hydrolysiertes Ach
Datum in M /ig/g/30 min
20.  XI. 1,04 io-3 85,7
25.  XI. 1,04 io-3 117,5
9. 1. 2,03 10" 2 136,0
27. X1 2,29 10°'2 73,0
10. 1. 3,68 10"2 76,0
17. X1, 3,86 102 202,0
30. Il 3,94 10-4 74

Aus den Angaben der Tabelle | kann nicht auf genaue kinetische Gesetz-
maéaRigkeiten geschlossen werden; bei derartiger Streuung ist es nicht méglich,
die Dissoziationskonstanten festzustellen. Die in Tabelle I enthaltenen Werte
sind in Abb. 1 mit Kreuzen bezeichnet.

Abb. 1 zeigt die nach der in dieser Arbeit mitgcteilten Methode errechnete
Substratkurve in vitro, welche den aus der Literatur bekannten glockenférmi-
gen Verlauf aufweist und auch die Bestimmung der Dissoziationskonstanten
gestattete. Von2Pré&paraten ergaben diese nach der Methode von Lineweaver
und Burk [2] folgende W erte:

1. Kj: 7,70- 10“4M
K2:1,47-10-2M
2. Kx: 1,47-10~3M
K2:1,30-10~2M
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In Abb. 1 ist die mit dem Pré&parat Nr. 1 aufgenommene Substratkurve dar-
gestellt. Von den beiden Préparaten werden am Substratoptimum stindlich
auf 1 g Feuchtgewicht gerechnet 280 bzw. 352 mg Azetylcholin abgebaut.
Nachmansohn [5] fand die Hydrolysegesehwindigkeit am Ganglion cervicale
superius 18,2 bzw. 21,4 mg in 100 mg frischem Gewebe binnen 60 Sekunden.

Das Ganglion cervicale superius der Katze enthdlt sowohl die pseudo- wie
die spezifische Cholinesterase. Die Substratkurve in vitro hat dennoch charakte-
ristische Glockenform und zeigt nicht an, daB das Homogenat auch eine
Esterase enth&lt, die mit zunehmender Konzentration immer gréfRere Sub-

pg Acti

Abb. 1. Azetylcholinhydrolyse durch das obere Halsganglion der Katze in vitro und

in vivo. Ordinate: In 30 Minuten hydrolysierte Ach-Menge in /zg; Abszisse: Logarithmus der

Substratkonzentration. Fortlaufende Linie: Substratkurve des Ganglionhomogenats. Kreuze:
In vivo festgestellte Aktivitdt einzelner Ganglien in /zg Ach/mg Gewebe/30 min

stratmengen abbaut. Wir fihren dies darauf zuriick, daf die pseudo-Cholin-
esterase, die nach Koelle und Mitarbeitern im Interstitium des Ganglions
anwesend ist, verglichen mit der Azetylcholinesterase geringe Aktivitdt besitzt
und eine untergeordnete Rolle spielt.

Azelyl-B-mcthylcholinhydrolyse in vivo und in vitro. In einer anderen
Versuchsreihe untersuchten wir die Azetvl-/3-methylcholinhydrolyse in vivo und
in vitro. Diese Substanz ist bekanntlich als spezifisches Substrat der Azetyl-
cholinesterase zu betrachten.

Die Versuche in vitro ergaben die in Abb. 2 sichtbare Substratkurve
(gestrichelte Linie). Aus der Kurve lieR sich die Konstante Kx bestimmen,
die 3,21- 10~3 M ausmachte, was innerhalb der in der Literatur angegeben
Werte liegt. Die in vivo mit der Perfusionsmethode gewonnene Substratkurve
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ist gleichfalls in Abb. 2 wiedergegeben. Im Gegensatz zu den Verhdltnissen
in vitro trat bis zu der hdchsten unserseits angewandten Konzentration von
4,8- 10~2 Af keine Substrathemmung ein, und der Verlauf der Substratkurve
erinnert an die der pseudo-Cholinesterase. Die Dissoziationskonstante ist
wesentlich hdher als die in vitro festgestellte: 3,8- 10~2 M (Abb. 2).

jjg riech

Abb. 2. Azetyl-jS-methylcholinhydrolyse durch das obere Halsganglion der Katze in vitro

und in vivo. Ordinate: In 30 Minuten hydrolysiertes Substratin /«g; Abszisse: Logarithmus

der Substratkonzetration. Fortlaufende Linie: Azetyl-/j-methylcholinbydrolyse in vivo in /<g
Mech/mg Gewebe/30 min. Gestrichelte Linie: Substrakturve des Ganglienhomogenats

Besprechung

Vergleichen wir die im hdheren Konzentrationsbereich festgestellten
Hydrolysegeschw'indigkeiten in vivo und in vitro, so finden wir, daB in vitro
die Hemmungswirkung des Substrats bereits stark zur Geltung kommt,
wéhrend die Hydrolyse in vivo beinahe linear zur Konzentrationserhfhung zu-
nimmt. Unseres Erachtens beruht die Erscheinung darauf, daB sich das Sub-
stratoptimum der Azetylcholinesterase in vivo stark zum hdheren Konzentra-
tionsbereich verschiebt. Auf die Deutung der Erscheinung werden wir spéter
zuriickkommen.

Wenn wir die in vivo ermittelten Azetylcholin- und Azetyl-/3-methyl-
cholinhydrolysewerte vergleichen, so sehen wir, daB die Azetylcholinhydrolyse
starke Streuung zeigt und ihr keinerlei Gesetzmé&Rigkeit entnommen werden
kann, wéahrend der an verschiedenen Ganglien festgestellte Azetyl-/3-methyl-
cholinabbau kinetisch verwertbare GesetzmdlRigkeiten aufweist. Der Unter-
schied durfte darauf zurtickzufihren sein, daB zwar der Azetylcholinesterase-
gehalt einzelner Ganglien im grofen ganzen konstant ist, aber die pseudo-
-Cholinesteraseaktivitdt grole Verdnderungen zeigt, die zur Inkonstanz der
Azetylcholinhydrolyse fihren. Fur diese Annahme zeugt ferner, dal die Sub-
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stratkurve, wenn wir die azetylcholinspaltende F&higkeit mehrerer Ganglion-
homogenate untersuchen, bei verschiedenen Substratkonzentrationen den
erwarteten regelméaBigen Verlauf aufweist. Das auf diese Weise hergestellte
Prédparat hat n&mlich einen konstanten pseudo-Cholinesterasegehalt.

Bei der Untersuchung der Azetylcholin- und Azetyl-/J-methylcholin-
hydrolyse in vivo ergibt sich zuné&chst die Frage, ob sich nicht die Messung
der an und fir sich vorhandenen Aktivitdt durch die Strukturgebundenheit
der Cholinesterase, durch ihre Lokalisation an der Membranoberflache oder
innerhalb der Membran infolge Permeabilitdtsschwierigkeiten komplizierter
gestaltet. Zur Klarstellung dieser Frage haben wir die vergleichende
Untersuchung der Hydrolyse dieser beiden Substrate in vivo und in vitro
vorgenommen. Schileyer [6] hat gleichfalls versucht, diese Frage zu
klaren, und festgestellt, dafl in vivo an intakten elektrischen Lamellen, wenn
Athylchlorazetat als Substrat benutzt wird, nur etwa 2/3 der Aktivitat in vitro
gemessen werden kann.

Unsere Versuche geben von dieser Frage kein derart einheitliches Bild.
Bei der Untersuchung der Azetylcholinhydrolyse in vivo und in vitro sahen
wir, daB in vitro die bezeichnende glockenférmige Substratkurve in Erscheinung
trat, wéhrend die Azetylcholinhydrolyseergebnisse in vivo grofe Streuung
zeigen.

Ein einheitliches und die Bedingungen der kinetischen Behandlung
geviéhrleistendes Bild ergibt die Untersuchung der Azetyl-/?-methylcholinhydro-
lyse. Hier 14t sich ebenfalls beobachten, dall die Kurve in vitro den erwarteten
glockenformigen Verlauf aufweist, wéhrend die Kurve in vivo bei niedrigeren
Konzentrationen nach langsamer Erhdhung steil aufwérts steigt und die
in-vitro-Werte weit hinter sich [&4R8t. Eine Substrathemmung konnten
wir im untersuchten Konzentrationsbereich nicht verzeichnen.

Es stellt sich die Frage, worauf diese unterschiedliche Hydrolyse in vivo
und in vitro beruht. Wie einleitend erwdhnt, sind wir der Meinung, dall die
Abweichung hauptsdchlich auf Permeabilitdtsschwierigkeiten zuruckgefihrt
werden mull. Esist denkbar, dall das Substrat infolge der Hemmungswirkung der
Membranstruktur nicht imstande ist, einen Teil der Cholinesterase zu erreichen
oder zu dieser in einer Konzentration zu gelangen, wie dies in einer homogenen
Lésung mdglich wére. Hiermit lieRe sich das Verhalten der niedrigen Sub-
stratkonzentrationen im Falle beider Substanzen erklédren. Aus welchem
Grunde kommt es aber bei der Azetyl-/?-methylcholiiihydrolysc in vivo zur
jahen Knickung der Kurve und dazu, daB die Hydrolyse in vivo bei gewissen
Konzentrationen das Mehrfache des Wertes in vitro ausmacht? Man kdnnte
sich vorstellen, daB infolge Permeabilitdtsschwierigkeiten in der Perfusionsflis-
sigkeit eine wesentlich hohere Substratkonzentration angewendet werden muf},
um an der Enzymoberflache eine lokale Konzentration zu erreichen, die eine
rasche Hydrolyse ermdglicht. Offen bleibt aber die Frage, worauf es zurlick-
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gefihrt werden kann, daf die in vivo festgestellten Hydrolysewerte an einem
Punkt den Wert der Hydrolyse in vitro auch im absoluten Wert Ubersteigen.
Wenn lediglich Permeabilitidtsschwierigkeiten vorliegen wirden, so kdnnten
diese Werte hdchstens bis zu m-t>iiro-Niveau steigen.

Die Antwort auf diese Frage gibt in bezug auf Azetyl-/3-methylcholin
auch die Form der in-vivo-Kurve, an der keine Substrathemmung festgestellt
werden kann. Die Ursache der Abweichung wird demnach bei Azetyl-/5-methyl-
cholin sicher, bei Azetylcholin madglicherweise der Umstand sein, dafl die
Hydrolyse in vivo und in vitro jeweils eine andere Kinetik hat. Die Cholinester-
ase befindet sich scheinbar an ihrer natirlichen Stelle, in der Zellmembran,
unter Verhéltnissen, die die Entwicklung einer Substrathemmung nicht begiin-
stigen.

Zeller [7] stellt sich die Substrathemmung so vor, daR sich zu einer
einzigen hydrolysierenden Cholinesteraseeinheit, an eine Anion- und eine
Estergruppe, 2 Azetylcholinmolekile binden und die wechselseitige Hydrolyse
gegenseitig verhindern. Nach Bergmanns Modell [8] hingegen, laut welchem
zur Bindung des Kations am Azetylcholinmolekil an der Azetylcholinesterase-
oberfldche zwei negative Gruppen erforderlich sind, kann man sich die Substrat-
hemmung so vorstellen, daB sich an beide negative Ladungen je ein
Azetylcholinmulekil bindet, die wechselseitig verhindern, dall ihr Azyl-
Sauerstoff in die N&dhe der Estergruppe gelangt.

Welche Konzeption wir auch annehmen, das Ausbleiben der Substrathem -
mung in vivo l1aRt sich nur so erkldren, daR die Cholinesterase in der Membran
in eine sieb- oder porenartige Struktur eingebaut ist, welche es infolge der
Beschrdnkung der PorengréBe einfach unmdglich macht, dall gleichzeitig zwei
Azetylcholin- oder Azetyl-/?-methylcholinmolekile in die N&he der reaktiven
Gruppen gelangen. Bei niedrigeren Konzentrationen wird die Hydrolyse durch
diesen Umstand eingeschrankt, hei héheren die Entwicklung der Substrathem -
mung unmdglich gemacht. In diesen Féllen wird die Hydrolyse &hnlich vor sich
gehen wie die der pseudo-Cholinesterase.

Eine andere beachtenswerte Tatsache, welche die Erklarung des Fehlens
der Substrathemmung erleichtern wird, ist folgende: Sowohl Mendel und
R 1tdney [9] wie Myers [10] haben festgestellt, dafl sich das Substratoptimum
der Cholinesterase in Anwesenheit von monovalenten Alkalimetall-, haupt-
sachlich von K-lonen in hohen Konzentrationen, zu hoherer Konzentration
verschiebt. Bei niedrigen Konzentrationen wird somit der Hydrolysewert
in Anwesenheit von K-lonen niedriger, bei hohen Konzentrationen jedoch
héher sein als ohne K. Es laBt sich denken, daB wenn die K-lonen-Konzen-
tration in der Zelle und Membran das Mehrfache der im Ganglienhomogenat
ausmacht, dadurch das Substratoptimum der Cholinesterase zu héheren Kon-
zentrationen verschoben wird, so dall sich die Substrathemmung nicht zu
manifestieren vermag.



BEITRAGE ZUR CHOLINESTERASE IN VIVO II. 17

Der Mechanismus dieser Wirkung der K-lonen ist heute noch unbekannt,
doch darf angenommen werden, dall dieser Effekt nicht nur in vitro, sondern
auch in vivo in Erscheinung tritt.

Wie immer wir die oben beschriebenen Tatsachen auch zu erkldren
suchen, muB aus dem Beispiel der Cholinesterase geschlossen werden, daB die
Untersuchung der Enzyme in Homogenaten kein vollstdndiges Bild von ihrer
Aktivitadt in der natirlichen Umgebung, ja vielleicht nicht einmal von ihrer
physiologischen Funktion vermittelt.

SchlieBlich bleibt noch die Frage, warum die Substratkurve von Azetyl-/?-
methylcholin an der Grenze der niedrigen und mittleren Konzentrationen eine
Knickung erleidet. Nach unseren an anderer Stelle mitgeteilten Versuchs-
ergebnissen [3] wird durch die Erregung, Depolarisation der Nervenelemente
die abgebaute Substratmenge in vivo ausgeprdgt erhdht, entweder dadurch,
dal im Anschluf an den Impuls eine groRere Zahl reaktiver Gruppen frei
wird, oder indem durch den Impuls infolge der Permeabilitdtssteigerung einfach
der Kontakt zwischen Enzym und Substrat erleichtert wird. In bezug auf
die erwdhnte Knickung der Substratkurve nehmen wir an, dal an diesem
Punkt die depolarisierende Wirkung der Substratlésung auf die Ganglienzellen
zur Geltung kommt und die Cholinesterase aus einem der beiden oder aus
beiden erwédhnten Grinden instand gesetzt wird, die Hydrolysegeschwindigkeit
zu beschleunigen.
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The influence on the higher nervous activity of vagotomy performed at various
levels has been studied in the dog. As compared to the preoperative behaviour, condi-
tioned reflexes after vagotomy exhibited quantitative and qualitative changes; inactive
inhibitory states as well as active states changed in characteristic periodicity. In addi-
tion some other alterations such as repetitive paradoxical reactions and phasic states
also occurred.

As to the explanation of the phenomena described, an indirect mechanism has
been suggested by our observations: the periodical postvagotomic changes in the
conditioned reflex activity were namely found to be closely connected with changes in
the serum calcium level. Disappearance of the conditioned reflexes was associated with a
high serum calcium level, and even the gradual extinction and restitution of the reflex
activity went parallel with the change of the serum calcium level.

The cortical representation of the autonomic nervous system has long
been recognized. Hughlings Jackson [1] already stated that visceral func-
tions possessed cortical representation, as they were distributed in epilepsy.
Bechterew [2] observed that a lesion in the neighbourhood of the central
gyrus was followed by temperature elevation in the contralateral half of
the body.

The problem of the physiological role and significance of vegetative, and,
in general, of visceral, interoceptors has received a decisive impulse through
the investigations of Bykow and his school [3]. These authors dealing with
the cortical analysis of the internal organs have supplemented and completed
Pavlov’s conception on the conditioned reflexes. Bykow namely stated that
the cerebral cortex is regulating the behaviour of the organism by temporary
connections, and alters the functional state of the internal organs by the same
mechanism. At the same time there exists an inverse connection asthe intero-
ceptors of the internal organs are capable of reacting on the central nervous
system and of altering thereby behaviour of the animal.

It isremarkable that the pertaining works of Bykow, in the first line those
dealing with the cortical analysis of internal organ functions, should have
appeared in 1928 [4], at atime when the morphology ofthe cortical representa-
tion of visceral interoceptors was still unknown and no anatomical data per-
mitted to suppose direct impulses to go from the interoceptors to the cortex.

The first proof of that process was made known as late as 1938. Bailey
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and Bremer [5], investigating the cerebral cortex in the cat with electrophy-
siological methods, have observed local changes in the cortical potentials after
repeated stimulation of the vagal nerve. The area determined in this manner
corresponded to the lower and posterior parts of the composite gyrus lying
at the orbital surface of the frontal lobe.

Among the more recent findings, those of Bonvallet, Dell and
Hugelin [6] are of special interest. These authors extended the experiments
of Bailey and Bremer to an analysis of the subcortical and cortical projec-
tions of the vagal nerve and verified that visceral vagal projections did in fact
reach the cortex, to the most part at the upper area of the olfactory cortex.
Beside the cortical projections, direct subcortical vagal projections could be
demonstrated at the level of the temporal region, localized in the lateral and
basal magnocellular nuclei of the amygdale complex.

Geryabin [7] observed a marked diminution in the alimentary condi-
tioned reflex activity after the destruction of the thalamus and hypothalamus,
with the relative preponderance of inhibitory processes. Grastyan, Lissak
and Keékesi [8] investigated the alimentary conditioned reflexes as well as the
conditioned avoidance behaviour in the after electrical stimulation of the
hypothalamus and the reticular formation. They concluded that stimulation
of these areas was facilitatory in effect and influenced conditioned responses
in direction of an inhibition. Adam et al. [14] demonstrated that bilateral
denervation of the carotid sinus altered the previously elaborated conditioned
exteroceptive motor reflexes. This alteration manifested itself with the domi-
nance of excitatory processes over inhibitory ones.

Although the connections between visceral afferentation and higher
nervous activity have been widely investigated with both conditioned reflex
and electrophysiological methods, the functional significance of the cortical
connection of vagal afferentation itself has hardly been studied. Our earlier
investigations into the vagal afferentation and vagal efferentation [9—11] led
us to extend our studies to the fields of higher nervous activity. The present
report deals with the effect on conditioned reflexes of the interruption of the
vagal nerve, and the results gained on three animals will be described in detail.

Methods

The experiments were performed in a sound-proof Pavlovian chamber. A conditioned
reflex with feeding as unconditioned stimulus was elaborated in the dogs according to the stereo-
types to be described. A saliva fistula was prepared the animals; saliva drops were counted by
means of a modified electrical drop-counter. In three dogs stereotypes were elaborated as
follows,

Dog “Nero”: sound stimulus 6/2*

bell

projected light

sound stimulus 6/2*

differentiating sound stimulus 600/2*
bell
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Dog “Griff”: bell
sound stimulus 6/2*
differentiating sound stimulus 60/5*
sound stimulus 6/2*
bell
Dog “Bogar”:bell
projected light
sound stimulus 60/2*
differentiating sound stimulus 600/6*
sound stimulus 60/5*

The first number refers to the frequency of the sound generator, while the second number

to the intensity.

The experiments were made daily between 3 to 5 p. m. Intervals between the stimuli
lasted 5minutes, while the conditioned stimulus was left acting for 20 seconds. The preoperative
experimental period lasted several months with each dog. After fixation of the conditioned
responses the animals were subjected to subdiaphragmatic or thoracocervical vagotomy
(thoracal on the right side and cervical on the left), and investigation ofthe conditioned reflexes
was continued.

Results
Dog “Nero"

This dog was subjected to subdiaphragmatic vagotomy following the
normal period of conditioned reflexes. On the effect of the vagotomy, the
conditioned responses underwent a marked change of which the main charac-
teristics were a gradual decrease in the responses so that the animal at the
6th to 7th days failed to excrete even one drop of saliva after the conditioned
stimulus; it did not take attention to stimuli and did not eat. During the
experiment lasting 30 minutes the number of conditioned and unconditioned
drops failed to attain 15. In addition, marked somnolence was observed.

Conditioned reflexes changed in the following way. Differentiation became
absolute as soon as 3 days following vagotomy. On the fourth day, the light
stimulus became ineffective. On the fifth day, only one bell caused one drop of
conditioned saliva to be excreted, while stimulus 6/2 was completely ineffective.
The total of the conditioned saliva drops underwent a gradual decrease.

After this period demonstrating the diminution of the conditioned reflex
activity, a gradual restitution occurred from the 10th to 12th days. At the 10th
day, the animal produced one drop saliva after the first bell and 8 drops after
sound 6/2. Reaction to light returned by the 11th day and by the 12th day,
this stimulus was even more effective than sound 6/2.

At the 13th to 14th days, a new decrease was observed, even though to
lesser extent than in the previous inhibitory state. Characteristic of this stage
was also a shift in the relation of individual stimuli, as demonstrated in Fig. 1.

Fluctuation occurred also on further days, but the drop count of condi-
tioned saliva in the inhibitory period failed to reach the abscissa. At the time
of restitution, conditioned salivary secretion was higher than in the normal
period. The changes described were daily observed during the normal period
lasting 1.5 months.
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Fig. 1. Dog Nero. Quantitative changes in conditioned salivation and serum calcium letel
before and after subdiaphragmatic vagotomy

Fig. 2. Dog Nero. Variations in total conditioned saliva drop count before and after
vagotomy

Fig. 2 shows the fluctuations in the total conditioned drop count before
and after vagotomy.

Dog “Griff”

This animal was subjected to thoracocervical vagotomy. The findings
essentially corresponded to those described above. AIll conditioned reflexes
disappeared as soon as two days after operation, with the exception of differen-
tiating inhibition, which gave one drop of saliva. The animal on the third
and fourth day did not react to the stimuli, did not eat, conditioned motor
reactions were absent.

Restitution began On the fifth day, when the first bell, the first sound
6/2 and the differentiating sound stimulus 60/5 produced conditioned salivation,
one drop each. Conditioned responses were completely normalized by the
10th day and, just as in the case of dog “Nero”, the conditioned saliva drop
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Fig. 3. Dog Griff. Quantitative changes in conditioned salivation and serum calcium level
before and after thoracocervical vagotomy

»ORIFF"

Normal Paradoxical
phase
TBell
en Sound
a** Differentiation

Fig. 4. Dog Griff. Typical form of paradoxical reaction 20 days after vagotomy

count was higher than in the normal period. Subsequently, fluctuations were
stronger than in the first dog. In the last week a characteristic paradoxical
reaction even occurred. The dog died 28 days after the vagotomy, atime 7 to 10
days longer than the usual survival after an intervention of this type (Fig. 3
and 4).
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Dog “Bogar”

After subdiaphragmatic vagotomy, periodicity was observed also in
this dog, although less extreme than in the other animals. Extinction and
restitution ofthe reflexes were also more gradual.

This dog was subsequently subjected to thoracocervical vagotomy. Post-
operative fluctuations in the conditioned reflexes were extreme, differentiation
markedly determinated, especially in the second part of the period, when
paradoxical reactions were also repeatedly noted.

As vagotomy was performed in two stages, survival time was considerably
lengthened. The animal was in perfect condition and had lost no weight
4 months after starting the experiments.

Then the right cervical vagal stump was also transected. Soon thereafter
characteristic signs of bilateral cervical vagotomy developed, the conditioned
reflexes gradually disappeared and the animal died 7 days after the last
operation (Fig. 5).

Normal Days after vagotomy
Fig. 5. Dog Bogéar. Changes in the mean positive and negative saliva drop count
at normal state, and after subdiaphragmatic, thoracocervical as well as cervical vagotomy.

Discussion

In our experiments vagotomy was followed by quantitative and qualita-
tive changes in the conditioned reflex reactions. Inactive inhibitory states
and active states alternated with each other in characteristic periodicity. In
addition, other manifestations were observed, such as repetitive paradoxical
reactions and phasic states.

These results clearly demonstrate that an interruption of the afférént
impulses mediated through the vagal nerve brings about a change in th e
elaborated conditioned reflexes. The question to be answered is, of course,
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how this effect came into play: whether the interruption of the connection
between vagus and cerebral cortex, or another indirect mechanism was re-
sponsible for the changes observed.

Prior to the detailed analysis of the role played by vagal afferentation,
an observation made in previous experiments should be mentioned. Investiga-
tions into the serum components of vagotomized dogs had namely revealed
marked changes in the calcium level. This surprising finding was then con-
trolled during the present conditioned reflex studies, and a close relationship
was found between the periodical alterations of the conditioned reflex activity
and the calcium level. Disappearance ofthe conditioned reflexes was associated
with high serum calcium values and even the gradual extinction and restitution
of the reflexes was accompained by corresponding shifts in the serum calcium
level, as demonstrated in Figs. 1 and 3.

Data in the litarature concerning the relationship between parathyroid
gland and higher nervous activity support our observation. In the experiments
of Andreyev and Pegsley [12], administration of parathyroid extract
decreased the alimentary conditioned reflexes, enhanced the consecutive
inhibition, accelerated the extinction and produced catalepsy: in other words
a marked dominance of inhibitory process over excitatory ones was brought
about. This effect on the conditioned reflexes was mediated through the
elevation of the serum calcium level. The authors cited found a direct relation-
ship between the shifts of the serum calcium level and the functional state
of the cerebral cortex.

The influence of calcium administration (infusion of CaCl2) on the
conditioned reflexes was controlled also in our experiments. Conditioned reflex
activity was considerably diminished at a serum calcium level of 13 mg per
100 ml (Table 1).

Table 1
Dog “Griff"

Effect of calcium infusion on conditioned reflexes. Differentiation became absolute, conditioned
salivation decreased and inhibition was extended also to the positive sound stimulus
following differentiation

Nor mal Calcium infus on
Stimulus Duration of Count of Duration Count of condi-
stimulus conditioned Stimulus of stimulus tioned saliva
in sec. saliva drops in sec. drops
Bell 1 20 15 Bell 1 20 4
Sound 6/2 20 5 Sound 6/2 20 7
Sound 60/5 20 1 Sound 60/5 20 —
Sound 6/2 20 9 Sound 6/2 20 —

Bell 1 20 11 Bell 1 20 13
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The findings just discussed raise the hitherto scarcely studied problem
of the relationship between vagus and parathyroid, viz. calcium household.
According to Roby and Smith [13], subdiaphragmatic vagotomy counteracts
the tetany-inducing effect of parathyroidectomy. This observation is in partial
accordance with our own observations.

The remarkable shifts in the serum calcium level might of course repre-
sent only one of the factors involved in the postvagotomic regulation of condi-
tioned reflex activity and some further mechanism will most probably be
revealed by future studies.

A further problem to be investigated in that the alimentary condition
of the animal is also modified by the interruption of the vagal nerve. Our
further investigations into the higher nervous activity of vagotomized animals
are therefore planned to be performed by making use of other conditioned
reflexes too.

It is, however, to be noted that the correlation of conditioned and un-
conditioned saliva drop counts remained practically unchanged after vagotomy.
Also noteworthy is the finding that thoracocervical vagotomy failed to induce
a marked postoperative change in the alimentation of the the animals, when
these were fed outside the chamber.

Although in our opinion the method employing alimentary conditioned
reflexes which is so well situated for the analysis of higher nervous activity,
has proved reliable in the present experiments, in our future studies we shall
control and complete our investigations with other methods.
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Menkin’s inflammatory leucopenic factor administered intravenously to dogs,
inhibits the phagocytosis of bacteria by polymorphonucleat granulocytes. The effect is
parallel with the changes in the blood count, and is observable also in vitro, in the
concentration range of from 10-4 to 10-6. Some clinical aspects are also mentioned.

It has repeatedly been pointed out that exudates, of whatever origine,
stimulate the phagociting activity of leucocytes. The effect is much more
marked than that of blood serum or transudates. We have shown this action
ofthe exudate to be a combined resultant of several factors [5, 6.]. We demon-
strated that in addition to histamine, serotonin and nucleic acids, from among
Menkin’s inflammatory stimulators leueotaxine, exudine and the leucocytosis
promoting factor stimulate the process [7, 8], wdiile neerosin inhibits it [9J.
This time we investigated the effect of Menkin’s leucopenic factor [13], a
polypeptide, on the phagocytosis of bacteria by leucocytes. The experiments
wrere made in dogs, under conditions in vivo and in vitro.

Methods

The measure of phagocytosis was determined by the method of Platonow— Ludany—
Vajda, described in detail previously. In the phagocytic system 0.1 ml of blood, then 0.1 ml
of the bacterium suspension were added to Ringer solution containing 7 mg per 100 ml of he-
parin. The bacterium suspension was lyophilized Staphylococcus pyogenes aureus stored in
ampoules under refrigeration. The suspension contained 10 million germs per mm3. The total
volume of the system was 1 ml. Siliconized tubes were used. After 30 minutes in an incubator
and subsequent centrifugation, smears were prepared and stained according to Gram. We
determined the number of microorganism phagocyted by 200 leucocytes. The difference from
the initial value was expressed in per cent. The limit of error was ff < + 8 per cent.

Leucopenic factor was prepared according to Menkin. The material was obtained from
2—3 day old exudates produced in big dogs by treatment with terebenthine oil and fractionated
precipitation with ammonium sulphate. In contrast to leucopenine, the leucopenic factor is
heat-stable. In the experiments in vivo we determined the number of polymorphinuclear
granulocytes and lymphocytes. After longer periods have been allowed for adaptation, the expe-
riments were performed without anaesthesia. The leucopenic factor was administered intra-
venously, in doses of from 2 to 4 mg/kg. Blood samples were obtained from the saphenaparva
vein.

Results and discussion

The experiments in vivo are illustrated in Fig. 1 (four experiments).
One hour following the injection, the granulocyte count was definitely decreased.
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A similar change was noted in the lymphocyte count, and the phagocyting
activity also markedly diminished. At 3 and 4 hours a moderate granulocy-
tosis with a slight increase in phagocytosis was observed. During that period
there was no change in the body temperature of the animals.

The results in vitro are summarized in Table I. In the concentration
range of from 10—4 to 10 Bthe leucopenic factor inhibited the phagociting
activity of granulocytes. Thus, the inflammatory agent has a direct action on
the cell itself. Further studies are needed to determine the processes in the

Fig. 1. Effect of leucopenic factor (LF) on the circulating leucocyte count and on the phago-
cyting activity of granulocytes

background of this; surface, and cell metabolic effects may be involved.
Otherwise, the effect is comparable to that obtained with leucopenine, isolated
from alkaline exudate [14].

Table 1

Count of staphylococci phagocyted and percentage change in phagocytosis

L Leucopenic factor
Initial value

Hep. Kinger sol. 10 4 10-8 10-*
1. 396 282 (—29) 329 (—17) 388 (—2)
2. 489 283 (—42) 367 (—26) 436 (—11)
3. 412 276 (—33) 317 (—23) 383 (—7)
4. 564 344 (—39) 428 (—24) 513 (—9)
5. 454 313 (—31) 386 (—15) 431 (—5)
6. 368 217 (—41) e >5 338 (—8)

Mean : -35,8% — 20,0% -7,0%
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Ample evidence is available as to the relation of inflammatory processes
to leucopenia [16, 2, 3, 4, 1, 17, eic.]. Under certain conditions in inflammatory
processes a marked leucopenia, or even agranulocytosis may result from the
inhibition of leucocytopoiesis. Menkin has demonstrated the important role of
the two inflammatory agents, leucopenine and the leucopenic factor, present
also in exudates. Our investigations have shown that in addition to the above
morphological changes a reduced functional value of the leucocytes should
also be taken into account; this is manifest in their osmotic resistance [W],
and in their phagocyting activity.

The authors are indepted to Mrs.l. Bognar and Mr. J. Domonkos for
their technical help.
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The effect of deep hypothermia on the phosphorylase activity of rat liver has
been studied in connection with investigations into the role played by adrenaline, a
hormone figuring in the activation of liver phosphorylase. It has been found that

1. Phosphorylase activity decreases in deep hypothermia: the deeper and the
more prolonged the hypothermia, the greater the diminution in the activity of the
enzyme.

2. The hypothermic decrease of liver phosphorylase activity is not irreversible,
as rewarmed animals exhibit enzyme activities identical with those found in nor-
mothermic rats.

3. Adrenaline decrease phosphorylase activity in the liver of normothermic
animals. As a consequence of the lower initial activity, the percentage increase is
even more marked in hypothermic than in normal rats.

4. The enzyme system which activates liver phosphorylase is not damaged by
hypothermia.

5. The hypothermia-induced decrease in liver phosphorylase activity is not due
to an impairment of the phosphorylase activating enzyme system, hut to the lack
of adrenaline and, presumably, to a lack of glucagon.

Although hypothermia was long ago recognized to influence the blood
sugar level, the pertaining data in the literature are not unequivocal. Elevation
of blood sugar level and diminution of liver glycogen content were observed
at the initial stage of hypothermia, with the concomitant appearance of shiv-
ering [1]. On further cooling, the blood sugar level either remained unaltered
or decreased, depending on the carbohydrate reserve, as well as on the
shivering of the animals, or the chronic or acute way of cooling [2]. In
other experiments [3], slow gradual cooling induced hypoglycaemia. There
is, however, general agreement that if during the cooling no shivering oc-
curs, in other words if there is no defence, the blood sugar level either
remains unchanged or decreases.

The effect of hypothermia on the activity of muscle phosphorylase
participating in the carbohydrate metabolism was investigated by Krebs and
Fischer [4]. They found no significant difference betveen normothermic
and hypothermic rabbits. Since liver phosphorylase, too, is involved in carbo-
hydrate metabolism and as it differs from the muscle enzyme chemically,
physiologically and immunologically [5], it seemed interesting to investigate
the effect of hypothermia on its activity. In this connection, an attempt was

made to clarify during hypothermia the action of adrenaline, a hormone equally
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figuring in carbohydrate metabolism, in the activation of liver phosphorylase
and in the regulation of blood sugar level [6].

Methods

Animals. The experiments were performed on albino rats ranging in weight from 200 to
300 g. As known, rats tolerate deep hypothermia very well. In addition, they are easily and
quickly cooled, almost without any defence reaction. Cooling was made by means of cracked
ice in nylon bag, as long as the rectal temperature fell to 18 to 20°C. Some of both the control
and the hypothermic animals were then treated with 10 fig adrenaline intracardially.

Determination of phosphorylase and glucose-6-phosphatase activity. The animals in hypo-
thermia were bled and 1 g liver was excised. This was immediately frozen in dry ice and ex-
tracted with a 20fold excess 0f 0.1 M NaF and 0.6 M sodium glycerolphosphate at pH 6.0. Phos-
phorylase activity was measured according to Green and Cori [7], determining the inorganic
phosphate liberated from glucose-l-phosphate. Glucose-6-phosphatase activity was deter-
mined according to Cori [8], measuring the inorganic phosphate liberated from glucose-6-
phosphate. Inorganic phosphate was determined with the method of Taussky and Shorr [9].
The results refer to 100 mg wet liver weight.

Results and discussion

First, the liver phosphorylase activity was investigated under hypo-
thermic conditions. As shown in Fig. 1the activity of the enzyme decreased
in proportion with the grade and duration of hypothermia. The height of the
columns in Fig. 1 shows the average phosphorylase activity, while the points
correspond to the individual values. In our opinion, the diminution of the
phosphorylase activity was not due to stagnation of liver hlood induced by
hypothermia, as the activity of glucose-6-phosphatase, an enzyme similarly

paP/HOOTA/HO! 38°C 22 X 22 X 18°C

Fig. 1. Effect of hypothermia on phosphorylase activity in rat liver
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involved into carbohydrate metabolism, failed to exhibit any marked change

(Fig. 2).
We observed interesting seasonal fluctuations of the phosphorylase
activity in autumn and winter. As seen from Fig. 3, the normothermic values

pgP/100mg/10'

Fig. 2. Effect of hypothermia on glucose-6-phosphatase activity in rat liver

pg P/100 mg/KO1 38 °C

Fig. 3. Effect of hypothermia and seasonal influences on phosphorylase activity
in rat liver

were lower in winter than in autumn. As an effect of hypothermia, winter
animals reacted with a smaller decrease, meanwhile the deviation of the
individual values from the arithmetic mean was greater than in autumn
animals.

3 Acta Physiologica XVI11/1.
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To ascertain whether the effect of hypothermia was reversible in charac-
ter, some cooled animals were rewarmed to normal body temperature. Fig. 4
shows the liver phosphorylase activity in hypothermic and normothermic

18-20 °C 18-20°C
immediately  during 15hour

rewarmed and then
rewarmed

Fig. 4. Activity of liver phosphorylase after rewarming

jjg PHOO mg/10

Fig. 5. Effect of adrenaline on liver phosphorylase activity in normal and hypother-
mic rats

animals, as immediately after rewarming, and 1 X2 hours later. As seen, in
the rewarmed animals phosphorylase activity reached, or even exceeded, the
values found in normothermic rats.

In a search for the mechanism of the diminished phosphorylase activity
in hypothermia, the effect of adrenaline figuring in the activation of the enzyme
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>vas investigated under conditions in vivo. Fig. 5 shows the effect of adrenaline
given intracardially to hypothermic and normothermic animals. In our pre-
vious experiments [6] in normothermic rats phosphorylase activity was in-
creased by adrenaline. The adrenaline-induced activation was notv found
higher in hypothermic than in normothermic animals: the peak activity tvas
identical in both cases, but the starting value was lower in the hypothermic rats.

From the experiments described above it may be seen that the hypo-
thermia-induced decrease in liver phosphorylase activity is not due to an
impairment of the enzyme system activating phosphorylase, but rather to
the lack of adrenaline and, presumably, of glucagon. This statement is in
accordance with the results of Hume et al. [10] according to which hypo-
thermia of 26° and 21°C elicited a tenfold respectively hundredfold decrease
in the adrenaline and noradrenaline secretion of the adrenal medulla.

Our results corroborate the observation that rapid cooling without
defence is associated with hypoglycaemia, a finding easy to explain by the
observed decrease in liver phosphorylase activity.
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By means of the authors own method, the changes in the free, diffusible histamine
content of the blood plasma during the infusion of 20 /tg/kg/min. of adrenaline were
studied in normal dogs, as well as in dogs with experimental hypertension.

(i) In the normal dogs the free histamine level of the blood plasma increased to 2
to 4 fold the initial value during adrenaline infusion. At the peak of histaminaemia the
carotid pressure recorded on the Leersum loop decreased to below the initial level.

(ii) The free histamine level was unchanged during adrenaline infusion in dogs
made hypertensive by depressor and carotid sinus denervation.

(iii) During the development of renal hypertension induced by the cellophane
perinephritis method the free (diffusible) histamine content of the blood plasma in-
creased parallel with the increase of blood pressure, remained at a maximum level for
6 to 8 months, subsequently to decrease to its preexperimental value.

(iv) In the first months of the hypertensive state induced by perirenal fibrosis
the plasma histamine level increased to 2 to 4 fold on the effect of adrenaline. During
the subsequent months this response to the adrenergic stimulation tended to decrease,
then ceased altogether, in other words a state corresponding to the counterregulatory
block immediately following carotid sinus and depressor denervation developed.

In recent years we have studied several aspects of that form of circulatory
regulation which manifest itself with a mobilization of antagonists by vasoactive
agents. In mammalian heart preparations we have examined the reversed,
acetylcholine-like effects in response to adrenaline, as well as to the stimulation
of the accelerator nerves [1, 2, 3, 4]; further, we have investigated the
cause and mechanism of vasodilatation and acetylcholine mobilization in re-
sponse to adrenaline and stimulation of the lumbosacral sympathetic chain [5,
6, 7, 8], in the artificially perfused hind limbs of dogs. In addition, we have
observed in adapted unanaesthetized dogs kept under physiological conditions
the phenomenon described earlier by other authors that during the intravenous
infusion of adrenaline the blood histamine level increases to manifold the
initial value [9J.

The evidence obtained in these earlier experiments has induced us to
conclude that the mobilization of antagonistic substances in response to
cholinergic or adrenergic stimulation might be considered a compensatory
phenomenon in physiological blood pressure control: in other words that the
arterial pressure would arise as aresult of a compensatory equilibrium between
the pressor and the depressor neurohormonal activities.



38 A. KOVER et al.

To check the reliability of this hypothesis, we investigated in what
measure the control mechanism providing for an equilibrium of pressor and
depressor agents would take effect in the experimental hypertension of dogs.

Methods

Unanaesthetized normotensive and hypertensive dogs adapted to experimentation were
used to study the changes in blood pressure and plasma histamine level in response to the infu-
sion of adrenaline. Blood pressure was recorded continuously from the carotid artery, by means
of a suitable apparatus applicable to the Leersum-loop. Adrenaline dissolved in physiological
saline was infused into the saphenous vein and blood was obtained from the jugular vein. The
rate of infusion was set at 20//g/kg/min. of adrenaline, the constancy of the rate was ensured by
means of a motor-driven syringe. Beside the continuous recording of blood pressure, samples
of blood for histamine assay were obtained from the jugular vein before, during and after adre-
naline infusion. It was realized that the histamine bound to protein and formed elements was
present in inactive form and for this reason the free, diffusible, vasoactive histamine content
of the blood plasma was determined. The method employed may be outlined as follows.

To prevent blood clotting, crystalline potassium oxalate (30 mg/10 ml of blood), to
inhibit plasma histaminase semicarbazide (10-3 iVf), were used. The plasma was dialysed against
an equal volume of physiological NaCl solution for 1 hour, then after adding to it 0.1 ml of
normal hydrochloric acid, the dialysate was evaporated dry. The residue was extracted with
3XI mlofabsoluteaethyl alcohol and after adding to it 0.1 ml of normal hydrochloric acid the ex-
tract vas evaporated dry in a water bath, taken up in 0.4 ml formic acid-acetic buffer and a de-
termined amount of itwas run in ahorizontal paper electrophoretic apparatus. The buffer used
in the electrophoresis consisted of twice distilled glacial acetic acid: twice distilled formic acid:
distilled water 15 : 5 :80; pH 1.8. Macherey— Nagel Ne 214 paper strips measuring 4 by 40
cm each were used. The sample containing histamine was applied near the positive pole onto
the strip wetted with buffer. The sample was run at 1.5 mA/strip, 0°C, for 30 minutes. To locate
histamine, one of the extracts was taken up in 0.4 ml formic acid-acetic acid buffer containing
100 /~g/ml of histamine and 0.1 ml of this was applied to the control paper strip. After running,
the strips were dried in flowing hot air. Histamine on the control strip was developed with the
diazo reagent. The control strip showed the location of histamine on the test strip; from the
corresponding area histamine was eluted three times, with atotal volume of 10 ml 0f0.01 IVHC1,
then the eluate was dried in a water bath. The residue was taken up in a given volume of Tyrode’s
solution and was tested, after checking the pH, for histamine content on guinea pig intestine.

Considering that the dog plasma contains little histamine and that the quantities of
histamine eluted from the strips were extremely slight, titration on the guinea pig intestine
was done by the superfusion method of Gaddum [10], which is 5 to 12 times more sensitive
than the bath method. Owing to the extreme sensitivity of this method, it was imperative that
the optimum conditions should be created: the more sensitive the method, the greater the
deviations caused by changes in the sensitivity of the organ used in biological assay. Stability
of sensitivity was ensured by the constancy of pH, temperature and ion concentration, the
exchange of washing, standard and test fluids at equal intervals, and equal dosage of these.

In the superfusion technique the isolated organ is suspended in a space under constant
vapour pressure and temperature and is kept in an optimal milieu by a flow of Tyrode’s solu-
tion on its surface. The flow of physiological saline is interrupted for a while and the test solu-
tion is applied onto the surface. The test solution is washed off with Tyrode’s solution and after
an interval of the same duration the standard solution is superfused. We had devised an appa-
ratus for the chronological co-ordination of part-processes and for keeping temperature constant;
the detailed description of this apparatus has been published [11].

In Table | are shown the data for the histamine content of three different dog plasmas
and for the percentual recovery of known amounts of histamine, added to these plasmas.
The data have proved the reliability of our method because nearly 100 per cent of the his-
tamine added was recovered in every case.

Hypertension was induced in two ways: depressor and carotid sinus denervation, and
by bringing about perirenal fibrosis according to Page [14] and Kau [15].
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Table 1

Added H /ig/1 estimated /xg/1 Recovered %

I. Plasma
a) 16
b) 16
Plasma -j- H. 20 36 100
20 34,5 92
40 53 92,5
40 55 97,5
Il. Plasma
a) 24
y 24,5
Plasma + H. 10 33,5 92,5
10 34,5 102,5
30 52 93,3
30 53 97
I11. Plasma
a) 9,6
b) 10,1
Plasma H. 20 29 95
20 30,2 101,7
Results

1. Experiments on normotensive dogs

In the first series the changes of plasma histamine during adrenaline
infusion were studied in normotensive, unanaesthetized dogs. Earlier experi-
ments (Went and Varga [9]) showed that during the infusion of 20
jMag/kg/min. of adrenaline the total blood histamine level was raised by 40 to 42
per cent. These experiments had to be reproduced, because the values obtained
included also those for the inactive histamine bound to protein and formed
elements and because at that time the methods employed were not sensitive
enough to determine the low level of free, diffusible, vasoactive histamine
in the dog plasma. It was therefore deemed desirable to assay the free
histamine of blood plasma during adrenaline infusion by the new', sensitive and
more reliable, method. The results of 4 such experiments are presented in
Fig. 1.
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The duration of adrenaline infusion and the times of blood sampling are
shown on the abscissa. The free, diffusible histamine content (in /ug/ml)
of plasma is shown on the ordinate. The results presented were obtained in 4
different dogs. The solid line indicates the changes in response to physiological
saline infusion, the broken, dotted and result lines indicate those obtained
during adrenaline infusion. The free histamine level of plasma increased
gradually during adrenaline infusion, reaching a maximum in some cases
after the stnpping of infusion. After the infusion of adrenaline had been

100
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50
40-
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20.

10

0 {2 3456 78910111213K & ¢FTBVX 22 min

adtroiire inf-120 gg/kg/min—NeCtirf: 2ml/min

Fig. 1. Experiments in normotensive dogs. Changes of the free histamine level of plasma in

response to adrenaline infusion (20 /tg/kg/min). Abscissa: time in minutes. Ordinate: histamine

content in /ig/litre. Solid line: response to infusion of physiological saline; broken, dotted and
result lines: responses to adrenaline infusion

brought to an end the level decreased, reaching the initial value in 10 to 13
minutes. The rise of level during infusion amounted to from 200 to 400 per cent.

In anaesthetized animals the increase of the histamine level in response
to adrenaline manifested itself also in the carotid pressure recorded on the
Leersum-loop.

Fig. 2 B shows that in the anaesthetized animals blood pressure steeply
increased in response to adrenaline infusion, then decreased below the initial
level. A comparison of Fig. 1 with Fig. 2 B reveals that this depression of
carotid pressure took place at a time when the free histamine level of plasma
was near or at the peak. This reversion of the pressor response during adrenaline
infusion has not been observed in unanaesthetized animals, although in these,
too, the free histamine level of plasma increased by 200 to 400 per cent in
response to adrenaline. Further experiments should elucidate the cause of this
difference in response between unanaesthetized and anaesthetized animals.
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Il. Experiments on hypertensive dogs

(N To induce hypertension, carotid sinus and depressor denervation
had been performed in 10 normotensive dogs. After operation their blood
pressure rose to 220—250 mm Hg and remained permanently at that level.

Fig. 2. Carotid pressure recorded on Leersum-loop during adrenaline infusion. A : unanaesthe
tized, B : anaesthetized dogs

When the postoperative period was over, the changes in the free, diffusible
histamine level of the plasma of these hypertensive animals was studiedduring
the infusion of 20 /tg/kg/min. of adrenaline. The results are shown in Fig. 3.

30j 205Ham
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40 220hgmm
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' 220 Hym
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Fig. 3. Hypertension induced by carotid sinus and depressor denervation. Changes in the free
histamine level of plasma during adrenaline infusion (20~g/kg/min). Abscissa: time in minutes.
Ordinate: histamine concentration ~g/litre
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In Fig. 3 the abscissa shows the time in minutes, and the ordinate the
plasma histamine level in figjl. It can be seen that as opposed to what occurred
in the normal dogs (Fig. 1) this time there was practically no change in the
plasma histamine level during adrenaline infusion. A similar result had been

Fig. 4. During the development of hypertension induced hy perirenal fibrosis the free histamine
level of blood plasma increases parallel with the increase of blood pressure. Abscissa: time in
weeks. Ordinate: blood pressure in mm Hg, histamine in /(g/litre

obtained in our earlier experiments [IlI], but that time the uncertain method
for histamine assay did not permit to draw conclusions.

(ii) In a second group (5 dogs) hypertension was induced by the modified
method of Rau [13] resp. Page [12]. To induce perirenal fibrosis both kidneys
were placed into cellophane sacs filled with acrylate shavings. Blood pressure
began to increase within two weeks, reaching a peak during the 10th to 15th
weeks. From then on blood pressure was established at a level around 200
mm Hg (Fig. 4).

Fig. 4 shows that during the development of hypertension induced by
perirenal fibrosis the free plasma histamine level increased parallel with the
increase of blood pressure. After hypertension had reached its peak, the plasma
histamine level remained at a maximum for 6 to 8 months, decreasing to nor-
mal during the subsequent months. These results suggest that the counterregu-
latory mechanism comes into action not only in the adrenaline-histamine
relation, but also in the relation of pressor substances formed as' a result of
renal lesion and histamine. Thus, the regulatory mechanism based on the
mobilization of antagonists strives to compensate the action of pressor agents
of renal origin. However, with protracted hypertension the possibility of this
regulation gradually diminishes. * *

In the dogs rendered hypertensive by perirenal fibrosis the changes of
the free, diffusible plasma histamine level were again studied in response to
the infusion of 20 ~g/kg/min. of adrenaline.
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The solid lines in Fig. 5 represent the results obtained 3 to 6 months,
the thin lines those 9 to 12 months, the broken ones those obtained 15 to 18
months after operation, During the first few months of hypertension the
counterregulatory mechanism based on antagonist mobilization was undis-
turbed; the plasma histamine level increased to 2 to 3 fold its initial value in
response to adrenaline. In the period of from 9 to 12 months this mechanism
was markedly impaired: in spite of the lower initial values, the histamine

Fig. 5. Dogs rendered hypertensive by perirenal fibrosis. Changes in the free histamine level of

plasma during adrenaline infusion. Abscissa: time in minutes. Ordinate: histamine concentra-

tion The solid lines represent the results for the period of from 3 to 6 months, the thin ones
those for 9 to 12 months and the broken lines those for 15 to 18 months after operation

level was less increased by the adrenaline infusion than before. Finally, after 12
months no counterregulation came into effect. In this late phase of renal
hypertension there developed a condition identical with that immediately
following carotid sinus and depressor denervation. This observation is in har-
mony with the evidence published by McCussw, Gbeen and Page [14] that
in the late phase of renal hypertension a severe impairment of the baro-
ceptor mechanism of the carotid sinus and aorta can be demonstrated by
electrophysiological methods.

Discussion

Our recently employed methods have made it possible reliably to
assay the quantity of free, diffusible, vasoactive histamine in the blood
plasma ofthe dog. According to our results, in unanaesthetized dogs kept under
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physiological conditions the diffusible histamine level of plasma increases
by 200 to 400 per cent in response to the infusion of 20 /*g/kg/min. adrenaline.
In earlier experiments on the artificially perfused hind limbs of dogs [8] it
was shown that the intraarterial administration of adrenaline and the electrical
stimulation of the lower lumbar chain gives rise to a double — constrictor
and dilator — effect, and that during the dilatatory response considerable
quantities of acetylcholine are released from the perfused tissues [5]. The
mobilization of histamine and acetylcholine in response to adrenergic stimula-
tion is considered to be a compensatory mechanism in the service of physiolog-
ical blood pressure control.

In the experiments described in this paper the mechanism providing for
an equilibrium of pressor and depressor influences was studied in hypertensive
dogs. The free, diffusible, vasoactive histamine content of the blood plasma
was assayed before, during and after the intravenous infusion of adrenaline.
It was found that in the hypertensive state induced by carotid sinus and
depressor denervation this regulation isnot functioning, as the free plasma his-
tamine level remained unchanged during adrenaline infusion. During the first
months of hypertension induced by the cellophane-perinephritis method of
Page [12] the counterregulatory mechanism based on antagonist mobilization
was still unimpaired in the adrenaline-histamine relation and was abolished
only around the 15th month, when a condition appeared corresponding to the
counterregulatory blockade seen immediately after carotid sinus and depressor
denervation.

Thus, our experiments have confirmed the view that after a certain period
renal hypertension interferes with neural regulation. They have also shown
that in both kinds of experimental hypertension employed, viz. in hypertension
following elimination of the baroceptor mechanism and in renal hypertension,
the equilibration of vasoactive agents antagonizing each other is abolished.
In other words, the counterregulatory control governed by the central nervous
system does not any more come into play. It is believed that the mobilization
of antagonistic agents in response to adrenergic stimulation is a compensatory
phenomenon in the service of physiological blood pressure control, and its
abolition leads to a preponderance of neurohormonal pressor activity.
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The changes in the electrical activity of the cat’s superior cervical ganglion in
response to SH-inhibitors have been studied in situ and in isolated ganglia, by recording
the action potentials. At lower concentrations the SH-inhibitors blocked transmission
reversibly and potentiated the ganglion stimulating action of acetylcholine injected
into the blood stream. Higher concentrations inhibited the ganglionic excitation pro-
duced by acetylcholine and KClinjected into the blood stream. All the above effects of
the SH-inhibitors were temporarily suspended by cysteine. The chief conclusions drawn
from these results are as follows.

1. The two kinds of acetylcholine receptor system present in sympathetic ganglia
are different in their sensitivity to SH-inhibitors.

2. The SH-groups play a significant role in the structure of the postsynaptic
membrane and even in that of the acetylcholine receptors.

The problem of mediator-reception is one of the less known problems
connected with the transmission ofimpulses. It is beyond doubt that in sym-
pathetic ganglia acetylcholine acts as a mediator. Recently, increased attention
has been focussed upon the analysis of the nature of acetylcholine reception
[1, 6, 11].

We have undertaken to establish in which of the phases of ganglionic
transmission have SH-groups a direct role, with special reference to the acetyl-
choline receptor function. For this purpose the superior cervical ganglion of the
cat has been exposed to the action of sulphhydril inhibitors and changes in
its function have been recorded.

The only pertaining report we have found in the literature is that by
Smirnov et al. [10] who showed that the blocking of SH-groups by means of
CdCl2results in the blocking ofganglionic transmission. As in their experiments
the injected acetylcholine continued to stimulate the ganglion during the
period of inhibition, the authors concluded that blocking was due to a dimi-
nution of acetylcholine release from the preganglionic endings, as a result

of a paralysis of acetylcholine synthesis.

Methods

Fifty cats were used in the experiments. The animals were anaesthetized intraperitone-
ally by 0.10 g/kg chloralose. In most experiments the superior cervical ganglion was perfused
in vivo by the method of Kibjakov [7], while in others the ganglion was excised to lead off
action potentials.
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The superior cervical ganglion, the cervical part of the sympathetic chain, the vagus,
the common carotid artery and the internal jugular vein were exposed and the branches of
the common carotid were ligated, except those supplying the ganglion. It was thus achieved
that the perfusate administered through a cannula in the common carotid reached exclusively
the superior cervical ganglion. On the other hand, ligation of the corresponding branches of
the internal jugular vein made it possible to recover exclusively fluid that passed through
the ganglion. Through the cannulain the common carotid Locke’s solution filtered, oxygenated,
and having a pH of from 7.2 to 7.4 was perfused at 140 mm Hg. The cannula in the common
carotid served also for the injection of drugs without interrupting perfusion.

Ganglionic excitation was tested by the kymographic recording of the isotonic contrac-
tions of the nictitating membrane. The ganglion was stimulated electrically via the cervical
sympathetic, as well as by giving injections of KC1 and acetylcholine. Stimulation was done
with 5 Y, 200 /isec, 1— 300/sec, for 5 sec, with a rectangular impulse generator.

Fig. 1. Effectif CdCI2 on ganglionic transmission. The figures beside the arrows indicate the
frequency”of stimulation in c/sec. Cd: Onset of CdCI2 perfusion at a concentration of 5 /xg/ml.
f :Preganglionic stimulation at 10/sec frequency, every minute

Fig. 2. Effect of monoiodoacetate perfusion on ganglionic transmission. Signs as in Fig. 1

In the second part of the experiments action potentials were led off from the superior
cervical ganglion. The excised ganglion complete with pre- and post-ganglionic fibres was
placed into a plexiglass chamber [5] allowing action potentials to be led off the ganglion fixed
to stimulating and recording electrodes over periods of several hours. By changing the position
of the chamber the preparation could be submerged into test solutions or into Locke’s solution.
Using a rectangular impulse generator, stimulation was made with 5V, 200 p-sec, amplifying
with abattery-fed conventional RC amplifier. Recording from the oscillograph onto a photo-
kymograph took place at a film speed of 9 cm/sec.

The test compounds used were acetylcholine bromide, monoiodoacetate (MIA), potassium
chloride, p-chloromercuribenzoate (PCMB), zinc sulphate, cadmium chloride and cysteine,
dissolved in Locke’s solution, with the pH adjusted to 7.2—7.4.

Results

In the first series the effect of preganglionic stimulation was examined
during perfusion with various SH-inhibitors. As Fig. 1 and Fig. 2 show, the
preganglionic stimulation that had previously produced normal effects at
every frequency was gradually losing potency during perfusion with CdCl2
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and MIA, respectively, and finally stimulation at a frequency of 10/sec became
ineffective. At the same time, however, the blockade was suspended by stim-
ulation at a higher frequency. Inhibition proved to be reversible in every case,
i.e. perfusing the ganglion with Locke’s solution restored transmission. There
was no qualitative difference in the effect of the SH-inhibitors employed, they
differed only in the effective concentration in the solution. The phenomenon
shown in Figs. 1 and 2 could be elicited by CdCI2 at concentrations of 8 to 10
/tg/ml, MIA at 2to 10/ig/ml, PCMB at 2to 7 fig/ml, and ZnS04 at concentrations
of 20 to 50 Ug/ml. The effect was invariably proportionate to the concentration
of the solution used, both as regards the final grade of inhibition and the rate
of its development. At suitable concentrations, inhibition developed immed-
iately following the onset of perfusion. W ith the same concentration of the SH-
inhibitor and stimulation with the same intensity the measure of inhibition

Fig. 3. Phase | and Il of SH-inhibition in the case of CdCI2 perfusion. Cd: Onset of CdCI2

perfusion, 10 jug nil. Cd': Onset of CdCl2perfusion, 15 jug/ml. Cd" : Onset of CdCI2 perfusion,

20 /tg/ml. A :lInjection of 0.4 ml of 100p.g/ml AchBr. At the peak of the ganglionic excitation

caused by Ach, preganglionic stimulation was applied.j" : preganglionic stimulation at a
frequency of 10/sec

in a given case will be determined by the frequency of stimulation. After
cessation of the effect of preganglionic stimulation direct stimulation of the
ganglion with the same parameters proved to be effective in every case.
Next, it was examined whether the blockade brought about by the SH-
inhibitors at the above concentrations would extend also to the ganglionic
excitatory action of acetylcholine injected directly into the ganglion through
the blood stream. As Fig. 3 reveals, we recorded first the ganglionic excitation
in response to acetylcholine during perfusion with Locke’s solution. In most
cases preganglionic stimulation was employed at the peak of the ganglionic
excitation thus produced, in order simultaneously to observe the two kinds
of ganglionic excitation. As a result of perfusion with 10 /ig/ml of CdCI2, the
subsequent stimulations were losing potency and finally transmission was
blocked. If we then applied an identical dose of acetylcholine, its action was
even enhanced in comparison with the former response. On increasing the
concentration of CdCI2 to 15 /ig/ml and then to 20 /ig/ml, the effect of that

4 Acta Physiologica XVII1/1.
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dose of acetylcholine was first reduced and then ceased. In analogy to stim-
ulations at higher frequency, higher doses of acetylcholine were still effective
at a certain level of inhibition, i.e. they so-to-say broke through the block.
The sequence of events in the development ofthe SH-blocking effect in the case
of CdCI2 and PCMB is illustrated in Figs. 3, 4 and 5. In the first phase of the
effect the response to preganglionic stimulation decreased or ceased while
the effect of acetylcholine injected at the same time was potentiated. If the
concentration of the SH-inhibitor was low, inhibition was not intensified.
On increasing the concentration after the first phase the formerly potentiated
acetylcholine effect was also inhibited. We called this the 2nd phase of SH-
inhibition. The average SH-inhibitor concentrations corresponding to the
two phases were as follows.

1st phase CdClI2 8 to 10 |Mg/ml
ZnS04 20 to 50 ag/ml
MIA 2 to 10 /tg/ml
PCMB 2 to 7 /tg/ml
2nd phase CdCl2 20 to 30 /tg/ml
ZnS04 45 to 60 /tg/ml
MIA 10 to 15 /tg/ml
PCMB 6 to 10 /tg/ml

Subsequently, we examined the effect of CdCI2 and of other SH-inhibitors
on the ganglionic stimulation byKCI. In the 1st phase of inhibition the exci-
tatory effect of KC1 was unimpaired, while in the 2nd phase it decreased and
ceased, like that of acetylcholine. There was no unequivocal evidence indicating
that the action of KC1 should have been potentiated (Figs. 4 and 5). It is

Fig. 4. Above: phase 1, below: phase Il of inhibition and reactivation in the case of CdC2
perfusion. Cd': Onset of 10 p.g/ml CdCI2 perfusion (phase I). Cd": Onset of 30 jug/ml CdClI
perfusion (phase 11). A: Injection of 0.2 ml of 200 p.g/ml Ach. K: Injection of 0.15 ml of 1 per
cent KC1. Cy: Injection of 0.5 ml of 1 per cent cysteine,f: Preganglionic stimulation, 10/sec
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Fig. 5. Above: phase I of SH inhibition, below: phase Il of inhibition and reactivation, using

p-chloromercuribenzoate perfusion, at concentrations of 4.7 pg/ml and 7.4 pg/ml, respectively.

(Signs at onset of perfusion.) L: Onset of perfusion with Locke’s solution. A: 0.2 ml of 200 p-g/ml

AchBr injection. K: Injection of 0.1 ml of 1 per cent KC1. Cy: Injection of 1.0 ml of 1 per cent
cysteine,f: Preganglionic stimulation, 10/sec

noteworthy that in the 2nd phase the KC1 effect was blocked before inhibition
of the acetylcholine effect.

In our experiments all the above phenomena could be suspended with
cysteine, an SH-reactivator. The 1per cent solution of cysteine injected into
the blood stream temporarily abolished the phenomena of inhibition in both
the 1st and the 2nd phase (Figs. 4, 5 and 6). The degree of reactivation was
directly proportional to the concentration of cysteine. (In the 2nd phase the
reactivating effect of cysteine was weaker than anticipated. The cause of this
is believed to be that at the concentration required for suspending inhibition

Fig. 6. Reactivation of ganglionic transmission by cysteine. Cd: Onset of 10 pg/ml CdCla
perfusion. Cy: Injection of 0.4 ml of 0.1 per cent cysteine. L: Injection of 0.4 ml of Locke’s
solution.j: Preganglionic stimulation, 10/sec
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in the 2nd phase, cysteine as an amino acid depressed by itself the action of
acetylcholine. This property ofcysteine and other amino acids has been described
elsewhere [4, 2]). The sequence of events during reactivation was the same
as in the case of inhibition: the preganglionic stimuli became active first and it
was only then that the responses to acetylcholine and KC1 were restored.

In the second part of our experiments the effect of CdCI2was studied on
the action potentials of the isolated ganglion. As Fig. 7 reveals, the action
potentials of the intact ganglion were recorded first. The tracings show
clearly the spike followed by the negative and positive after-potentials,

Fig. 7. Effect of 500 /xg ml CdCl2on the action potential of the isolated ganglion. Frequency of

stimulation, 2/sec. Monopolar lead, platinum electrode. A: control. B: at 25 minutes of the

CdCl2 effect, C: at 35 min., D: at 45 min., E: at 50 min., F: at 55 min., G: at 60 min.,
H: at 90 min. and I: at 120 minutes

as described by Eccles [3] (Fig. 7/74). In response to CdCI2 the
amplitude of the spike began to decrease, accompanied by changes in the
after-potentials. The positive after-potential, showing a decreasing tendenc}'
itself, occurred with shorter and shorter latency periods, finally to merge
with the negative after-potential preceding it (Fig. 7/JB, C). After the dis-
appearance ofthe spike a deep positive wave appeared in its place. Thus with
the disappearance of the spike the recordable electrical activity did not cease,
but became reciprocal (Fig. 7/F, G, H, I). At the same time intact action
potentials could still be obtained from the preganglionic fibres. We were unable
to observe a separation ofthe synaptic potential [5] in the course ofthe diminu-
tion of the spike potential.
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Discussion

In studies on the effect of compounds used as enzyme-inhibitors it is of
decisive significance to determine to what extent the effect might he ascribed
to specific enzyme-inhibition by the compounds tested. In our experiments the
ganglionic blocking action developed at extremely low concentrations of the
active agents (in the case of CdCI2 for example at 5.4« 10~5M) and was
completely reversible. This rules out the possibility that the compounds tested
would have acted as protoplasm poisons. This evidence together with the
specific reactivation of SH groups (cysteine effect), as well as the identical
action of the various SH-inhibitors greatly different in chemical structure has
made it very probable that there was in fact a binding of SH-groups in the
background of the phenomena examined.

The next question is that of the site of action of SH-inhibitors. At the
same time when it blocked or substantially changed the action potential of
the ganglion, CdCI2 had no influence on the preganglionic action potential.
After the development of the effect of SH-inhibitors the ganglionic cells
could still be stimulated directly. From this we concluded that the site of
action of CdCl2 and of the other SH-inhibitors was in the synapse, in the
first place. The possibilities for a synaptic site of action are the
following.

1. Inhibition of acetylcholine synthesis.

2. Diminution ofthe amount of acetylcholine released from the presynap-
tic endings.

3. Diminution of the excitability of postsynaptic elements.

As to the first possibility according to Perry [8], the acetylcholine
depot in the ganglion suffices for releasing effective amounts of acetylcholine
in response to frequent stimulation, without resorting to synthesis. On the
other hand, in our experiments the blockade caused by the SH-inhibitors
had in most cases existed when the first test stimulation was applied. We are
therefore unable to agree with Smirnov et al. [10] that an inhibition of acetyl-
choline synthesis would be responsible for the blocking of transmission.

The second possibility cannot be ruled out with absolute certainty. How-
ever, the fact that action potentials (even though in strongly altered form) can
be recorded from the ganglion cells after transmission has been completely
blocked (Fig. 7) indicates that the presynaptic impulses are still acting upon the
ganglion cells. The mediator is in all probability released and its ineffectiveness
must be due first of all to a change in the condition of the susceptible post-
synaptic elements, the acetylcholine receptors.

This is supported also by the phenomena observed in the 2nd phase of
inhibition. According to Perry [9], acetylcholine injected into the blood
stream acts exclusively on postsynaptic elements. Thus, if in the 2nd phase
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of inhibition the response to acetylcholine is also suspended, this is undoubtedly
due to a diminution of the excitability of postsynaptic elements, the third pos-
sibility for a synaptic site of action.

What then explains the different sensitivity to SH-inhibitors of the
injected acetylcholine and preganglionic stimulation, although in both cases
the cause of ganglionic excitation is acetylcholine?

In earlier experiments, Fenhér and Bokri [6] showed that the effect
of preganglionic impulses could be blocked by penta- and décaméthonium,
without causing substantial changes in the response to acetylcholine. Higher
concentrations of penta- and décaméthonium, however, suspended the action
of acetylcholine. On the basis of these and other experiments it is assumed
that there aretwo receptor systems in the superior cervical ganglion,both ofthem
cholinergic but differing in sensitivity to acetylcholine. One of them is a so-
called “innervated receptor system” which is less sensitive to acetylcholine,
is located to the innervated membrane areas of the ganglion cells and is
directly involved in transmission. The other is the so-called “free receptor
system” which is more sensitive to acetylcholine and is located mainly in the
membrane areas free from preganglionic endings. Of these receptor systems
the one designated “free” reacts first of all with the acetylcholine transported
there by the blood stream, while the “innervated” one reacts with the acetyl-
choline released in the course of preganglionic stimulation. These two receptor
systems differ in their sensitivity to the various biological agents. In the case
of the SH-inhibitors in the first phase the more vulnerable innervated receptor
function, while in the second phase the function of the less vulnerable free
receptors seem to be paralysed. On the reactivation of SH-groups with cysteine
the phase representing a milder grade of inhibition is reactivated earlier and
more intensively, while phase Il which develops in response to the stronger
inhibition, is suspended later and in a lesser degree. It is believed that the
difference in the behaviour to SH-inhibitors between the two assumed receptor
systems is another proof justifying their separation.

On the basis of all the above we assume that the SH-inhibitors act by
binding the SH-groups located in some postsynaptic structure. The question
of course arises how far this structure might be identified with the acetyl-
choline receptors. In support of an identity is the competitive behaviour of the
SH-inhibitors and the acetylcholine injected into the ganglion or released
presynaptically. It appears as if the SH-inhibitors would occupy the place
of acetylcholine and their action would be temporarily suspended as a result
of an increased release of acetylcholine brought about by more frequent stim -
ulation. It is known, however, that the classical competitive inhibitors of
acetylcholine, such as for example d-tubocurarine, do not prevent the depola-
rizing action of KCI. In our experiments, however, in the second phase of their
action the SH-inhibitors prevented also the depolarisation by KC1 (Figs.
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4 and 5). This fact suggests that the 3H-inhibitors reduce the excitability of
postsynaptic elements in toto. In addition, KC1 seems to act first of all upon
the free receptors, as supported by the fact that for the prevention of gangli-
onic excitaonpui uoijnd by KCI such concentrations of SH-inhibitors were
needed as for blocking the free receptors. Thus, there is a close parallelism
between the effect of KC1 and that of the injected acetylcholine, so that the
blocking of ganglionic excitation by KC1 would not mean an aspecific inhibition
of depolarization, independent of the acetylcholine receptors.

A true competitive antagonism would, however, be conceivable only
if there were SH-groups among those responsible for receptor function. There
is no convincing evidence suggesting that this would be the case, although our
studies did not rule out that possibility.

The potentiation of the acetylcholine effect in the first phase awaits
explanation. In our opinion the inhibition of the innervated receptors might
change the sensitivity of the free receptors to acetylcholine. This would mean
that the two receptor systems mutually influence each other’s sensitivity.
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The effect of amino acids and related compounds on the ganglionic transmission
has been studied.

The superior cervical ganglion of the cat was perfused according to Kibjakov
and the contractions of the nictitating membrane elicited by preganglionic stimulation
or by the intraarterial injection of acetylcholine or KC1 were recorded. The alpha
amino acids administered in perfusion blocked in proportion with their concentration
the ganglion exciting action of acetylcholine and KC1, while they influenced preganglion-
ic impulse transmission at high concentrations only.

As to the mode of action, it has been shown that the amino acids are suitable
for differentiating the innervated receptors from the free acetylcholine receptors de-
scribed by Fenheér and Bokri, and that the amino and the carboxyl groups must be
present to elicit the above effects.

Conclusions have been drawn as to the possible physiological role of the amino
acids.

Perry and Reinert [1] reported that the so-called denervation hyper-
sensitivity (increased sensitivity to acetylcholine) [2] decreased when the
previously denervated superior cervical ganglion of the cat was perfused with
sodium glutamate dissolved in Locke’s solution. Bergmann, Wilson and
Nachmansohn [3] studied the effect of amino acids on the highly purified
acetylcholine esterase isolated from Electrophorus electricus and found that
relatively low molar concentrations of amino acids inhibit the acetylcholine
esterase. Gertner and Reinert [4] investigated the effect of amino acids
and the ionic milieu on the denervation hypersensitivity and found certain
amino acids (L-glutamate and L-aspartate) to reverse the effect of denervation
even in the absence of extracellular potassium.

We have mentioned in our paper on the effect of SH-inhibitors [5] that
the amino acids cysteine and alanine definitely influenced ganglionic trans-
mission in the superior cervical ganglion of the cat. This influence manifested
itself with an inhibition of the ganglionic excitation produced by the injection
of acetylcholine, while transmission was left practically unaffected. According
to recent evidence [6],the omega amino acids, depending on the length of
their chain, are selective inhibitors of the axodendritic and axosomatic synapses
of the central nervous system. We have, accordingly, studied some alpha
amino acids as to their action on the superior cervical ganglion of the cat, and
drawn some conclusions as to their mode of action.
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Methods

Fifty cats anaesthetized with 0.08 to 0.1 g/kg of chloralose intraperitoneally were used.
The superior cervical ganglion was perfused according to Kibjakov [7], as described in detail
in a previous report [5].

The effects of acetylcholine bromide, potassium chloride, cysteine, alanine, glycine,
phenylalanine, lysine, methylamine, acetic acid, propionic acid, capric acid and tetraaethyl-
pyrophosphate were studied. The test substances were dissolved in Locke’s solution and
administered in the form of continuous perfusion into the superior cervical ganglion. Recently
prepared solutions were used in every case, with the pH adjusted to 7.2—7.4.

Results

The L- and racemic variants of the alpha amino acids of the simplest
composition were used. The amino acids tested were the aliphatic monoamino-
carbonic acids glycine, alanine and cysteine, the diaminocarbonic acid lysine,
the monoaminodicarbonic acid glutamic acid, and the cyclic amino acid
phenylalanine. The effect of perfusion with predetermined concentrations
of these amino acids was examined on the ganglionic excitation elicited by
preganglionic sympathetic stimulation, by the intraarterial injection of acetyl-
choline, and by the intraarterial injection of KCI1.

In the experiments with alpha-alanine (Fig. 1) it was found that perfusion
with Locke’s solution containing from 20 to 100 fig/ml of alanine, after a
latency period proportionate to the concentration (2 to 8 minutes) strongly
depressed or blocked the ganglionic excitation caused by 20 to 40 “ig of Ach
or 20 mg of KC1, leaving at the same time transmission, i. e. the nictitating
membrane contraction in response to preganglionic sympathetic stimulation
unaffected. The reversibility of the effect was proved by the fact that the de-
pressor action of alanine ceased within a few minutes following the onset
of perfusion with Locke’s solution not containing alanine.

Fig. 1. Effect of alanine and propionic acid on the ganglionic excitation caused by pregang-

lionic stimulation or by the injection of acetylcholine.j: preganglionic stimulation (10/sec.,

5 sec.). A: acetylcholine injection. L: perfusion with Locke’s solution. P: perfusion with 100

yUg/ml propionic acid. AL: perfusion with 100 /«g/ml alanine. Following that, the responses

to preganglionic stimulation and to the injection of acetylcholine are visible during perfusion
with Locke’s solution
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Fig. 2. Effect of glycine and acetic acid on the ganglionic excitation caused by preganglionic

stimulation or by the injection of acetylcholine, j : preganglionic stimulation (10/sec.,

5 sec.), A: acetylcholine injection with Locke’s perfusion, and the responses to the

same during perfusion with glycine (100/rg/ml). Following that, the responses to indentical

preganglionic stimulation and to acetylcholine injection during perfusion with Locke’s
solution, then with 100 /«g/ml of acetic acid

In the concentration range of from 10 to 20 ,Mg/ml of alpha alanine the
humoral effects (injected Ach and KC1) were only slightly reduced even after
prolonged perfusion, while concentrations of 100 ~g/ml or higher depressed
transmission, too (Fig. 1). On increasing the concentration of acetylcholine
(to 80 jWg/ml,) the drug was again causing ganglionic excitation, it so-to-say
broke through the inhibition.

Perfusion with glycine (25 to 100 /tg/ml) had a similar effect (Fig. 2).
Perfusion with 25 /tg/ml lysine diminished only slightly the excitation caused

Fig. 3. Effect of lysine and capric acid on the ganglionic excitation caused by preganglionic

stimulation or by the injection of acetylcholine. Responses to : j preganglionic

stimulation (10/sec., 5 sec.), A: 0.2 ml of 200/tg/ml of acetylcholine and to K: 0.2 ml

of 1 per cent KC1 injection during perfusion with Locke’s solution, then during perfusion

with 100 jxg/ml of lysine (Ly), repeated perfusion with Locke’ssolution, then perfusion with
capric acid (C) (100 jug/ml)
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by acetylcholine, while perfusion "with 100 fig/ml caused a marked depression
or total inhibition, leaving transmission completely unaffected (Fig. 3).
Cysteine and glutamic acid (50 to 100 /<g/ml) acted in the same way as alanine
(the effect of glutamic acid on the KCIl-induced ganglionic excitation was not

Fig. 4. Action of ethylamine and methylamine on the ganglionic excitation caused by pregang-
lionic stimulation and by the injection of acetylcholine. : j preganglionic stimulation
(10/sec., 5 sec.), A: injection of acetylcholine (0.2 ml 200 //g/ml), L: perfusion with
Locke’s solution, AEA: with ethylamine (100 /ig/ml) and with methylamine (MA, 100 //g/ml)

tested). Similarly to lysine, perfusion with 25 //g/ml of phenylalanine merely
diminished the Ach and KC1 effects, while these were abolished at a concentra-
tion of 100 //g/ml, leaving transmission intact.

Fig. 5. TEPP has no influence upon the above effects. preganglionic stimulation (10/sec.,

5 sec.), A: acetylcholine injection (0.2 ml 200 fig/ml), L: perfusion with Locke’s solution, AL:

perfusion with alanine (100 //g/ml), TL: perfusion with Locke’s solution containing 10-6M
of TEPP

Next, we studied the role of the carboxyl and amino groups, so as to
gain a deeper insight into the mechanism of action. We employed first com-
pounds chemically corresponding to amino acids but not containing carboxyl
groups, then compounds lacking both carboxyl and amino groups, viz. acetic
acid (Fig. 2), propionic acid (Fig. 1) and capric acid (Fig. 3). Perfusion of these
agents in the concentration range of from 50 to 100 //g/ml had no influence
ei ther on the ganglionic excitation elicited by Ach or KC1, or on the response
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to preganglionic stimulation. Similar results were obtained with methylamine
and ethylamine (Fig. 4).

Bergmann, Wilson and Nachmansohn [3] suggested that the inhibition
of choline esterase might play a role in the above actions of amino acids. To in-
vestigate this possibility we blocked the activity of ganglionic cholinesterase
with 10~6M TEPP. The effect of alanine perfusion (I0Ojitg/ml) remained
unchanged under these conditions, too (Fig. 5).

Thus, perfusion with amino acids at concentrations of 10--3 to 10" 4
unequivocally depressed or completely inhibited the ganglionic excitation
caused by Ach (20 to 40 /ig) and KG1 (20 mg), while the nictitating membrane
contraction in response to preganglionic sympathetic stimulation was left un-
changed. The reversibility of the action of amino acids follows from the fact
that the original state was restored by perfusing the ganglion with pure Locke’s
solution. Ganglionic transmission was mostly depressed at concentrations
of 100 /tg/ml but in some cases even higher concentrations were required to
attain this.

Discussion

The fact that within a certain range of concentration amino acids are
capable of inhibiting the ganglion-excitatory action of acetylcholine while
they leave the response to preganglionic stimulation unaffected, is another
evidence contributing to our knowledge of the nature of acetylcholine receptors.
Fenhér and Bokri [8] showed that the superior cervical ganglion of the cat
contained two kinds of receptor system, the so-called “free receptor system”
which is more sensitive to acetylcholine, but is less specific and can be readily
blocked with atropine, and the so-called “innervated receptor system” which
is less sensitive to acetylcholine, is more specific, and can be selectively blocked
by penta- and décaméthonium. According to the authors, the innervated
receptors would be found under the end plates of the preganglionic fibres,
while the free receptors occur in the directly not innervated areas of the
postsynaptic membrane. The above described selective action of amino acids,
notably that the alpha amino acids acting on the free receptors, prevent
acetylcholine to combine with these receptors and to exert a biological action,
can be interpreted on the basis of this theory to the validity of which it offers
another proof. On increasing the concentration of amino acids the innervated
receptors become also paralysed.

On the basis of the outlined findings we have attempted to elucidate the
mechanism of combination with the receptor. As the amino acids used were
different in chemical structure and yet similar in action, it has been concluded
that with respect to the effect the amino acid property is of decisive importance.
As the amino acid property is bound to the amino and carboxyl groups, the
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question arose whether one or both ol'them are responsible. The experiments
with carbonic acids and amines indicated that the presence of both groups
is essential since neither carbonic acids, nor amines had inhibitory actions
similar to those of amino acids. Considering that a similarity should be assumed
to exist between the acetylcholine receptors and the amino groups of choline
esterase, from the combination of amino acids with choline esterase, studied in
more detail by Bergmann, Wilson and Nachmansohn [3] conclusions may
be drawn as to the mechanism of the combination of amino acids with the
acetylcholine receptors. According to these authors, at concentrations two
orders of magnitude higher than those employed by us the amino acids are
blocking choline esterase in that the carboxyl group of amino acids combines
with the ester, and the amino group with the anion group, of choline esterase.
We therefore investigated whether the choline esterase activity or its inhibition
had any role in the amino acid effect observed by us. Perfusion with 10~
TEPP, i.e. the complete inhibition of choline esterase, had no effect on the
action of alpha alanine. This means that in the amino acid action the choline
esterase played no role, it was only the combination with the acetylcholine
receptors that proved to be essential. On the other hand, the studies of the
above cited authors concerning the mechanism of linkage between amino acids
and choline esterase offer a suitable basis for the explanation of the action of
amino acids on the acetylcholine receptors.

According to our hypothesisthe amino acids that have reached the sur-
face of the postsynaptic membrane combine physico-chemically through the
amino and carboxyl groups with the acetylcholine receptors, and by competi-
tive inhibition prevent the mediator from exerting its action. After perfusion
with the amino acids has been brought to an end, the ammo acid molecules
dissociate from the receptors and the original state is restored. The experiments
of Perry and Reinert fit well into this view; they found that in cats after
cervical sympathicotomy and degeneration the response to injected acetylcho-
line decreased during the perfusion of sodium glutamate or of Locke’s solution
containing a high concentration of potassium. As we found that the amino
acids act mainly on the free receptors, it was concluded that in the experi-
ments of Perry and Reinert [1] the diminution of the denervation hypersen-
sitivity caused by amino acids involved an inhibition of the free receptors.
On the basis ofthe experiments by Fenér and Bokri [8] and of those outlined
above it is assumed that the mechanism of the development of the denervation
hypersensitivity takes place in the following steps: after the degeneration of
the preganglionic fibre the innervated receptors also turn into free ones which
are less specific but much more sensitive, and this condition will lead to the
development of denervation hypersensitivity.

In the same test, Gertner and Reinert [4] found that the denervation
hypersensitivity is diminished or prevented by amino acids; however, with
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the extracellular K concentration decreased, the above action of amino acids
is not uniform. While L-aspartate and L-glutamate were effective, L-alanine,
L-lysine and the D-amino acids were little or not effective. The authors cited
regard the denervation effect to be due to a change in the ionic equilibrium:
an outflow of intracellular K ions (cations) and amino acids (mainly glutamate
and aspartate) from the ganglion cells. They interpret their experiments by
claiming that by replacing the deficiency thus created the pre-denervation
state, or the equilibrium, is restored. In our experiments the ganglionic excita-
tion produced by KC1 was blocked by the amino acids in a similar way they
block the effect of the injected acetylcholine. We think that beside the changes
in the ionic milieu changes in the receptor structure also play a significant
role in the development of denervation hypersensitivity.

Purpura, Girado, Smith, Caluan and Grundfest [6] found that the
omega amino acids, depending on their chain length, inhibited the super-
ficial axodendritic synapses of the cortex, while they did not influence the
activity of the axosomatic synapses. In their experiments the alpha amino
acids were ineffective. They devoted great attention to gamma-amino-butyric
acid, considering that this compound occurs in the central nervous system
under physiological conditions. In the light of the evidence published by the
above authors we see a further interest in our experiments in that the biolog-
ically active amino acids employed by us occur physiologically in the blood,
just as the omega amino acids, especially the gamma-amino-butyric acid
studied by Purpura et al.,, physiologically occur in the brain.

Our experiments, in addition to some recent data in the literature [6]
thus suggest that the amino acids play the role of a regulator in nervous
transmission.
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No correlation could be established between the metabolic rate of the rat and
the iodine content of the air at a relative humidity of 25— 75 per cent, whereas a close
but complex correlation was found between basal metabolism and the apparent iodine
content of air saturated at 37° C.

More than hundred years ago Chatin [1, 2] concluded that goitre and
cretinism were due to a deficiency of iodine in air and drinking water. Later
the small amounts, about 0.4 /Ig/ T 3, of iodine in the air were a priori thought
to be ineffective as an antigoitrogenic factor [3, 4]. In areas with the air
iodine as high as 2.0 ~ig/m3 complete absence of goitre was observed even
under goitrogenic conditions (lacks of iodine in drinking water, adverse social
circumstances, etc.). Simultaneously the incidence of Graves’ disease was found
to be high [5, 6, 7].

Goitre per se does not permit any conclusions concerning the function
of the thyroid gland, neither does the absence of goitre exclude functional
disorders. Moreover, only amounts of air iodine 6—10 times above normal
proved to be antigoitrogenic, and therefore the relation between increased
air iodine content and thyroid function is still a problem.

The unexplained decrease in air iodine content to one tenth in Western
Europe since 1933 has had no effect on the population [8]. On the other hand,
the ashing of sea weeds in the production of iodine has greatly been increasing
the iodine content of the air in Bretagne without any apparent damage to the
population [9], although inhaled elementary iodine reaches immediately the
blood stream [10, 11, 12] and the pulmonary uptake of 250— 1000 pg of ele-
mentary iodine decreases minute and stroke volume, and mean arterial pres-
sure for 25—30 minutes [13].

According to Curry [14], air iodine plays a subordinate role and is
not responsible for acute effects associated with weather changes. In his
opinion, the increase in the oxidizing substances (aran) in the air induces a
shift from sympathetic to parasympathetic tone. In order to demonstrate
this the patients were questioned after spending a night in iodine and aran
free air, and sleeplessness, nervosity and headache were assumed to prove an
increase in sympathetic tone due to lack of aran. In other experiments aran
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was added to the air and tiredness, yawning and somnolence were taken to
indicate a prevalence of parasympathetic tone.

A study of the literature suggests that either the methods employed
were inadequate or the amounts of iodine added to the air were far from
physiological.

Methods

Our experiments were performed at an ambient temperature of 28°C under basal condi-
tions on unanaesthetized sleeping male W istar rats of our own breed. Heat production and
heat loss were estimated in a rapidly responding respiratory calorimeter with time standards
of 3 minutes and one and a half minute,'respectively [15]. In all, 63 separate readings of 02-
consumption and CO02-production, heat loss and water vapour loss were recorded during the
experimental period of 40 minutes and the average of these served to calculate heat production
and heat loss. Rectal temperature was measured only before and after determination, since
prolonged insertion of a thermometer made the animals restless. The calorimeter permitted
calculation of heat storage with satisfactory accuracy. The relative humidity of the calorimeter
varied between 25 and 75 per cent and atmospheric pressure between 667 and 682 mm Hg.

Air iodine was determined by a procedure permitting the analysis of samples from short
term experiments [16]. During a period of 40 minutes 60 litres of air were collected from the
main tube just before this enters the metabolic chamber. The washing-tube containing alka-
line sulphite was submerged into the water-bath of the calorimeter.

Results and discussion

No correlation could be established between air iodine content on the
one hand and heat loss and heat production on the other (Fig. 1).

¢
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Fig. 1. Abscissa: energy exchange Cal/24” /dm2, ordinate: air iodine at a RH of 25— 75%.

Heat production = - heat loss =*, increase in body temperature = J:, decrease in body

temperature = &' All points represent the average of 63 determinations. Rat Ne 26. 250 g.
Experiment: 20. Sept. — 3. Oct. 1957.
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Next, the effect of varying the water vapour content on the results
of iodine determination was investigated. It can be seen from Table I that after
saturating the air with water vapour at 20° C the apparent iodine content
was found significantly lower than before [17].

Table |
lodine content at 20° C, and 35—70% lodine content of
relative humidity the air saturated
with water vapour
at 20° C
fig/m-1 flg/T3
0.47 0.30
n = 187
t = 8,40
P > 0,001

It was obvious to investigate the iodine content of the air saturated
with water vapour at 37° C, since at the level of the laryx the temperature of
inhaled air is about 34°C and its relative humidity more than 96% [18]. Table
Il demonstrates that the apparentiodine content of air with a relative humid-
ity of 25—85 per cent at 20°C diminishes by as much as 43 per cent after
saturation at 37°C.

Therefore, aliquot amounts of calorimeter air were saturated with water
vapour at 37"C before iodine determination (Fig. 2).

01 02 03 04 05 06 figl2/m3

Fig. 2. Abscissa: energy exchange Cal/24h/dm 2, ordinate: iodine after saturating the air with

water vapour at 37°C. Heat production = e, heat loss = *increase in body temperature =

decrease in body temperature = I, 11, 111, 1V see text. All figures represent the average of

63 determinations. Rat Ne 26. 250 g. Experiment: 20. Sept. — 3. Oct. 1947.
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Table 11
Apparent iodine content Apparent iodine
at 20° C and 25—85% content of air
relative humidity saturated with water
vapour at 37° C.
/'g/m3 I'glm>
0.44 0.19
n = 504
t = 253
P > 0.001

Fig. 2 clearly demonstrates that heat production approaches 8 Cal/day/
dm2/(0%) at an airiodine content of 0.00/ig/m3.Up to 0.2—0.3iMg/msthe increase
in air iodine is associated with a reduction in heat production. The slope of
the curve is steeper in the autumn and in winter (Fig. 2. 1) than in spring and
summer (Fig. 2. 11). Basal metabolism is lowest (—30%) at an iodine content
of 0.2/ig/rn3in winter and at about 0.3 /ig/m3 in summer. A further rise in
air iodine is associated with a progressively increasing BMR (Fig. 2. Il and
1V). Heat loss agrees closely with heat production — changes of body tem-
perature did not exceed 0.1°C during the experimental period — excepting
range Il in which disparity of heat production and heat loss may reduce
body temperature by as much as 1°C.

Figures for 0 2-consumption of normal rats were significantly lower
than those obtained in closed circuit apparatuses and the generally accepted
values were only approached in the case of a minimal air iodine content.
At present no explanation can be given for this result; methodical errors,
however, can be excluded by the simultaneous estimations of heat loss, since
the latter rests on a different principle.

Factors other than iodine could also contribute to the results. Aran can,
however, hardly play a role in this respect. Curnhy demonstrated clearly that
the water vapour content of a bathroom (27—30°C, 80 per cent relative
humidity) promptly destroyed the aran in the air. This effect has to be taken
into account especially at the temperature and humidity of the lungs.
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(Recu le 22 février, 1960)

Nous avons examiné I’action de la 6-acetyl-méthobromide de morphine en la
comparant avec celle de la morphine, notamment en ce qui concerne son effet anal-
gésique et son influence sur le volume respiratoire. Nous avons en plus étudié comment
ces effets peuvent étre influencés par les dérivés N-allyl. Nous avons étudié leurs effets
béchiques, ganglioplégiques, leurs effets sur les plaques, motrices terminales et enfin
I’accoutumance et la toxicité.

La constatation d’intérét théorique selon laquelle la 6-acetyl-méthobromide
de morphine dérivé quaternaire de la morphine, tout en possédant un intense effet
analgésique ne possede pas d’effet curarisant ni d’effet ganglioplégique présente aussi
un intérét pratique. En effet ce composé possede, — chez la souris, — un effet anal-
gésique 16,7 fois plus fort que celui de la morphine et diminue le volume respiratoire
1,9 fois moins fortement. Son action calmante sur la toux s’est montrée 1,8 fois plus
forte que celle de la codéine. L’accoutumance chez la souris se développe moins rapide-
ment qu’avec la morphine. La toxicité des deux produits est identique.

Dans nos travaux antérieurs [13, 15] nous nous sommes occupés des
rapports entre la structure et les effets des dérivés de la morphine. L’un des
buts de nos recherches était de nous rendre compte si I’on peut en modifiant
la structure, obtenir des produits possédant les qualités thérapeutiques su-
périeures aux morphiniques utilisées jusqu’a maintenant. Le second but que
nous nous sommes proposés c’était de savoir silesrégles généralement valables
concernant les rapports entre la structure et les effets des morphiniques
sont ou ne sont pas applicables aux dérivés morphiniques que nous avons
examingés.

Dans ce travail nous rendrons compte des effets de la 6-acetyl-métho-
bromide de morphine, I’'un des composés mis au point dans I’Institut de Chimie
Organique de Debrecen [1], dérivé quaternaire de la morphine, effets que
nous avons comparés a ceux de la morphine. Nous représentons la structure
de ce composé a la figure (No. 1). Dans les dérivés quaternaires de la morphine
au cycle de piperidine contenant du N un groupe d’alcoyl s’attache au nitro-
géné, et si le composé de base adéquat réagit avec un alcoyl-halogénide il se
forme un sel quaternaire d’ammonium.

On a mis au point jusqu’a ce jour des dérivés quaternaires de nombreux
alcaloides dont on a pratiqué I’étude pharmacologique [17]. Nous savons de
ces études qu’en général les composés comportant de N quaternaire n’ont
pas d’action sur le systéme nerveux central ou n’ont pas d’action plus faible
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que celui du composé de base tertiaire correspondant. Par contre presque tous
ces dérivés paralysent la plague motrice terminale (Fuhner [6], Meyer [10]).
Dans la littérature hongroise c’est Issekutz sen. qui a publié des données
précieuses concernant la pharmacologie des composés quaternaires de I'ammo-
nium [8].

La régle générale concernant les composés quaternaires est égalment
valable pour les dérivés morphiniques quaternaires comme cela était démontré
par Trendelenburg [17] en ce qui concerne la méthochloride de morphine,
la méthobromided’apomorphine,la méthochloride de codéine, la méthochloride
d’acetylcodeine et la méthoiodide de thebaine et par Braenden, Eddy et
Halbach [2] en ce qui concerne la N-oxide de morphine, la méthochloride
de morphine et la méthochloride de codéine.

Fig. 1. 6-acetyl-méthobromide de morphine

En examinant les dérivés morphiniques nous avons constaté que la 6-
acetyl-méthobromide de morphine—qui est une morphinique quaternaire-—
calme plus fortement la douleur des souris que la morphine. Partant de cette
constatation nous nous sommes proposés de faire une étude plus poussée
des effets de ce composé.

Méthode

a) Nous avons mesuré I’effet analgésique sur des souris par la méthode Wolfe-
MacD onald [18] modifiée par Porszasz-Herr [12].

b) Nous avons détérminé I’action exercée sur le centre respiratoire sur des lapins par
la méthode de Dreser [4] modifiée par Herr-Porszasz [7].

c) L’accoutumance a été examinée sur des souris en administrant & des lots de 25
souris, quotidiennement, une dose déterminant un effet analgésique d’environ 100%. Nous
avons mesuré l'accoutumance en précisant la diminution quotidienne de I’effet analgésique.

d) Nous avonsexaminé sur des souris dans quelle mesure I’administration de la N- allyl-
normorphine et de la diacetyl-N-allyl-normorphine influencent I’effet analgésique 100% du
composé. De ces deux antagonistes de la morphine nous avons administré par voie sous-cutanéc
le quart de la dose de la 6-acetyl-méthobromide de morphine.

e) Nous avons examiné sur des lots de 5 lapins dans quelle mesure ces deux antagonistes
de la morphine influencent I’effet respiratoire dépressifde la 6-acetyl-méthobromide de mor-
phine. Effet dépressifa 50% est obtenu par des doses de 8mg/kg par voie sous-cutanée. Au cours
de ces expériences nous avons administré une dose de 2 mg/kg de ces antagonistes, également
par voie sous-cutanée aprés la mesure du volume respiratoire initial.

f) Nous avons mesuré I’activité béchique sur des cobayes par la méthode de Eichler-
Smiatek [5] modifiée par nous-méme [16]: nous avons déterminé la toux chez les cobayes
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en leur faisant respirer de I’air contenant 0,6% de dioxyde de soufre, puis aprés administration
sous-cutanée du composé, nous avons mesuré une demi-heure plus tard la diminution de la
toux apres administration d’un mélange de gaz identique. Nous avons examiné |’action de
chaque dose sur des lots de dix cobayes.

g) Nous avons étudié [I’action sur les ganglions de notre produit sur la membrane
nictitante chez le chat anesthésié par administration d’uréthane i.p. a la dose de 1,0g/kg.
Nous avons excité la fibre préganglionnaire du ganglion cervical supérieur avec un coup de
courant carré de 8Y, 2,5 milsec., et une fréquence de 4 & 5 au sec. administré toutes les minutes
3 fois de suite et répété a des intervalles de 10 minutes. Nous avons enregistré les contractures
de la membrane nictitante sur du papier fumé. Les substances & examiner ont été diluées par
de la solution physiologique et administrées par la veine fémorale.

h) Nous avons examiné l|’action du produit sur la plague motrice terminale sur des
chats anesthésiés par voie i.p. par de I'uréthane a la dose de 1,0 g/kg. Nous avons excité le nerf
sciatique mis a nu dans la région fessiaire par un coup de courantcarré de 8et 0,1 milsec, toutes
les 6 secondes. En méme temps que les contractures du gastrocnemius nous avons enregistré
la pression dans |’artére carotide.

i) Afin d’examiner la toxicité nous avons administré la substance a des lots de 15
souris par voie sous-cutanée dans les solutions de 0,01 ml/g & des doses croissantes. Nous avons
calculé la valeur du LD-50 selon la méthode de Litchfield-Wilcoxon [9.]

j) Nous avons interprété statistiquement tous nos résultats [3].

Les procédés techniques des points a) b) et j) ont été décrits dans une de nos publi-
cations antérieures [13].

Résultats

a) Les résultats obtenus concernant I’action analgésique de la 6-acetyl-
méthobromide de morphine sont représentés sur la Fig. No. 2. Sur cette figure
nous avons représenté également’action analgésique de la morphine. Sur I’axe
X sont représentées les doses par mg/kg et sur I’axe Y les valeurs en % de
I’effet analgésique. Fig. 2 représente encore en dehors des courbes doses-effets
leurs équations, I’erreur constante du coefficient et les résultats de |I’épreuve.

La dose analgésique a 50% de la 6-acetyl-méthobromide de morphine
est de 0,31 mg/kg, tandis que celle de la morphine est de 5,2 mg/kg. La 6-acetyl-
méthobromide de morphine a donc une action 16,7 fois plus forte que celle
de la morphine.

b) Nous représentons sur la Fig No. 3 de la méme maniére les effets
obtenus sur le volume respiratoire des lapins. Il ressort de I’étude de cette
figure qu’une dose de 2,7 mg/kg de morphine administrée par voie sous-cutanée
diminue déja de moitié le volume respiratoire des lapins tandis qu’il faut une
dose de 5,2 mg/kg de la 6-acetyl méthobromide de morphine pour obtenir
cet effet. Ce dernier produit possede donc une action dépressive respiratoire
de 1,9 moins forte que celle de la morphine.

c) Nous représentons sur la Fig N° 4 I’accoutumance des souris a la 6-
acetyl-méthobromide de morphine et a la morphine. Sur I’axe X figurent les
jours, tandis que sur I’axe Y nous voyons I’effet analgésique en %.

Comme on peut constater, en administrant quotidiennement par voie
sous-cutanée une dose ayant un effet analgésique a 100%, I’effet de la morphine
n’est plus que de 33% au 26-émejour, tandis que la 6-acetyl-méthobromide de
morphine posséde encore a cette date un effet analgésique de 68%.
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Fig. 2. Effet analgésique de la morphine et de la 6-acetyl-méthobromide de morphine

effet %

Fig. 3. Effet de la morphine et de la 6-acetyl-méthobromide de morphine sur la respiration
des lapins
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Fig. 4. Accoutumance

morphine 6-ace/yl-melhobromide
N-allyl- de morphine
M normgrphine WV- allyl-nof.morphine
N -allyl - |N-a/|y|-norhero'ine
norheroi‘ne

Fig. 5. Effet analgésique de la 6-acetyl-méthobromide de morphine et de la morphine,
administrée conjointement avec les deux N-allyl-antagonistes
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15" 30’

120* temps

8 mg/kg 6 - acetyt-methobromide
de morphine
+2mg/kg N-a/tyt-normorphine

»8 mg/kg 5-acetyl-methobromide
de morphine

+2mg/kg N-at/yl- norhéroine

mOmg/kg 6 -acetyl-methobromide
de morphine

Fig. 6. Effet de la 6-acetyl-métliobromide de morphine et de ses antagonistes sur le volume
respiratoire de lapin

Fig. 7. Effets calmants sur la toux de la morphine, de la 6-acetyl-méthobromide de morphine

et de

la codéine
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d) Nous représentons sur la Fig. Ne 5 I’effet analgésique de la 6-acetyl-
méthobromide de morphine administrée conjointement avec la N-allyl-nor-
morphine et la diacetyl-N-allyl-normorphine ainsi que I’action de la morphine
administrée en méme temps que ces antagonistes. La colonne claire représente
I’action analgésique 100% de la substance administrée seule, la colonne sombre
I’effet obtenu par I’administration conjointe de la N-allyl-normorphine et la
colonne hachurée I'administration conjointe de la diacétyl N-allyl-normorphine.

Fig. 8. Effet de la 6-acetyl-méthobromide de morphine sur le ganglion cervical supérieur
du chat

Tandis que la diacetyl-N-allyl-normorphine diminue de la méme maniére
I’action de la 6-acetyl-méthobromide de morphine et de la morphine (68,3%
et 68,9%), la N-allyl-normorphine diminue plus fortement les effets de la
morphine (32,1 centre 44,1%).

e) Nous représentons sur la Fig. No 6 la diminution du volume respira-
toire chez les lapins obtenue par administration isolée de la 6-acetyl-métho-
bromide de morphine et par son administration combinée avec la N-allyl-
normorphine et la diacétyl-N-allyl-normorphine.

8 mg/kg de 6-acetyl-méthobromide de morphine diminue de 62% le
volume respiratoire des lapins. Si nous administrons la méme dose en méme
temps que 2mg/kg de diacetyl-N-allyl-normorphine ou de 2 mg/kg de N-allyl-
normorphine, la diminution duvolume respiratoire n’est que de 34 %, respecti-
vement de 20%. L’action antagoniste de la deuxiéme substance est donc plus
forte que celle de la premiere.
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f) Nous représentons surlaFigNe 7 I’effet calmant sur la toux des cobayes*
<le la morphine, de la 6-acetyl-méthobromide de morphine et de la codéine,
{toux déclenchée en mélangeant du dioxyde de soufre a 0,6% a l’air inspiré.)

Nous représentons également I’équation de régression de chaque courbe.

Comme on peut voir les courbes représentant I’effet-dose calmant
de la toux de la morphine et de la 6-acetyl-méthobromide de morphine sont
identiques. Leur ED-50 est également de 2,4 mg/kg tandis que lorsqu’on

Fig. 9. Effet de la 6-acetyl-méthobromide de morphine surla préparation nerf sciatique—
m. gastrocnemius du chat

examine cet effet de la codéine on trouve que cette dose est de 4,3 mg/kg, donc
les substances examinées ont une action calmante sur la toux de 1,8 foisplus
forte que la codéine.

g) Sur la Fig. Ne 8 on peut voir I’action de la 6-acetyl-méthobromide
de morphine sur le ganglion cervical supérieur du chat. La courbe supérieure
représente les contractions de la membrane nictitante aprés excitation de la
fibre préganglionnaire de la sympathique cervicale, la courbe moyenne repré-
sente la pression mesurée dans I’artére carotide, tandis que la courbe inférieure
représente le temps. Comme on peut voir I'administration de 1, de 5 et méme
de 10 mg/kg de 6 acetyl-méthobromide de morphine par voie intraveineuse
n’influence pas les contractions de la membrane nictitante déterminées par
I’excitation électrique de la sympathique cervicale. A ces doses ces composés
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Fig. 10. Etude de la toxicité de la morphine et de la 6-acetyl-méthobromide de morphine
chez la souris

n’ont donc pas d’effet ganglioplégique. 10/mg/kg déterminent une chute de la
pression artérielle d’environ 20 Hgmm. La pression artérielle regagne progres-
sivement en 10 minutes environ sa valeur initiale.

h) L’effet de la 6-acetyl-méthobromide de morphine sur la préparation
nerf sciatique-m. gastrocnemius du chat est représenté sur la Fig. Ne 9.
La courbe supérieure représente les contractions du gastrocnemius obtenues
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par I’excitation électrique du nerf sciatique. La courbe du milieu représente
la pression mesurée a I’artére carotide, tandis que la courbe inférieure représente
le temps en minutes. La 6-acetyl-méthobromide de morphine ne paralyse la
jonction myo-neurale ni a la dose de 1 mg/kg, ni a la dose de 10 mg/kg. La
dose de 10 mg/kg détermine ici aussi comme dans I|’expérience représentée
sur la figure précédente une chute de tension ayant une intensité et une évo-
lution analogue.

i) La Fig. No 10 représente les résultats de nos recherches concernant la
toxicité de notre composé. La LD-50 par voie sous-cutanée chez la souris de la
6-acétyl-méthobromide de morphine est de 228 et celle de la morphine de 225
mg/kg. La toxicité des deux drogues est donc pratiquement identique.

Discussions des résultats

La 6-acétyl-méthobromide de morphine peut étre obtenue comme sous-
produit lors de la préparation de la morphine. En effet, lorsde lademéthylisation
par le CNBr de la diacétylmorphine, le CH3Br produit réagit partiellement avec
la diacétylmorphine qui n’a pas encore réagi. Nous séparons la diacétylmétho-
bromide de morphine produit, de la diacétyl-cyano-morphine considérée
comme produit principal en portant le mélange a ébullition avec une petite
quantité d’eau: la diacetylméthobromide de morphine soluble dans I’eau se
précipite. En méme temps se précipite également la petite quantité superflue
de CNBr laquelle par hydrolyse donne du HBr. En laissant se reposer dans
une solution faiblement acide, le groupe 03-acetyl se détache, et la 6-acetyl-
méthobromide de morphine se diluant mal dans I’eau froide se cristallise
lorsqu’on I’a laissé au repos pendant un jour ou deux. On peut la purifier en
recristallisant avec un peu d’eau bouillante. Il n”apas de point de fusion net,
a une température aux environs de 150 C° elle se précipite avec perte d’eau
cristalliquc, puis se congéle en une masse vitreuse qui se défait avec dévelop-
pement de gaz et de brunissage.

Md= - 13i’3*% 0,6/e«u ;

Nous avons trouvé que la 6-acetyl-méthobromide de morphine possede
chez la souris une action analgésique de 16,7 fois plus forte que la morphine.
Cette constatation ne cadre pas avec les corrélations connues jusqu’a maintenant
entre les effets et la structure des dérivés morphiniques.

Selon Schaumann [14] il faut qu’il y ait dans chaque analgésique un
groupe identique de méthyl-phenylpiperidine qui se rattache a un atome C
quaternaire central. Il appelle cela «groupe analgiphore». La théorie du «groupe
analgiphore» n’est pas valable pour les analgésiques du groupe des métha-
dones et dithyenylbutenylamine. Dans ces composés on ne retrouve pas de
groupes méthyl-phenyl-piperidine et ils sont néanmoins des analgésiques
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puissants. Selon Braenden, Eddy et Halbach [2] c’est la trivalence du N
compris dans le cycle piperidine de la molécule de la morphine ainsi que le
radical méthyl rattaché au N qui sont indispensables pour I’effet analgésique.
L’absence de n’importe lequel de ses facteurs diminue notablement ou fait
cesser I’effet analgésique. Avec la quaternarisation du N tertiaire (par exemple
N-oxyde de morphine, méthochloride de morphine, méthochloride de codéine)
nous obtenons des dérivés a effets analgésiques considérablement moins intenses
qu’avec les composés de base correspondants. Schaumann [14] a également
constaté que le dérivé quaternaire de la pethidine manque d’efficacité.
Trendelenburg [17] explique I’activité moins forte sur le systeme
nerveux central des composés quaternaires par rapport aux composeés tertiaires
correspondants par leur solubilité lipoidique moins bonne. C’est pour cette

raison qu’ils ne pourraient pénétrer dans les cellules nerveuses plus riches en
lipoides. En dépit de ces faits notre dérivé quaternaire s’est avéré étre un
analgésique plus fort que la morphine. Il en résulte que la quaternarisation ne
fait pas cesser dans tous les cas I’action sur le systéeme nerveux central, c’est
a dire elle n’entraine pas obligatoirement un effet curarisant. Le composé mis
au point par la quaternarisation du N du cycle piperidine ne paralyse pas ou
ne paralyse que trés faiblement la plaque motrice terminale. Pohi [11J a
constaté que le couple quaternaire de la papaverine n’a pas d’action sur la
plaque motrice terminale. Trendelenburg [17] a constaté sur la grenouille
que I’acétobromide de morphine a un effet 50.000 fois plus faible que la curare.

Meyer [10] et Fuhner [6] expliquent I’effet curarisant des composés
quaternaires par leur alcalinité. Plus ces dérivés sont alcalins plus ils paralysent
la plague motrice terminale. Avec certaines substitutions, ainsi que par for-
mation interne de sel les composés quaternaires peuvent perdre leur caractére
alcalin et ainsi cessent leurs effets paralysants sur la plague motrice terminale.
Avec nbdtre composé ce processus commence avec I’6limination du HBr d’une
certaine quantité d’alcali (Fig. Ne 11). Dans ce cas I’ion jumeau formé peut

6 Acta Physiologiea XVIII/L
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lui-méme agir comme tampon. La cause du changement de I’action peut étre
éventuellement expliquée par le fait que I'ion jumeau, c’est a dire la phenol-
betaine posséde d’autres particularités pharmacologiques que le sel d’ammonium
quaternaire, c’est a dire son cation. Il n’est pas non plus exclu que dans I’ion
jumeau, c’est a dire dans la phenol-betaine (formation interne de sel) la locali-
sation dans I’espace des substituants du N sont éventuellement déformés
par rapport a I'ion de I'ammonium quaternaire. L’alcalinité n’est cependant
que I’'une des conditions de cet effet. L’intensité de I’effet dépend de la libération
potentielle des valences secondaires qui déterminent la position dans I’espace
des radicaux s’y attachant.

Bien entendu nous n’avons nullement I’intention de mettre en doute —
nous basant sur ces résultats — ni les corrélations entre la structure et les
effets des dérivés quaternaires, ni la théorie du «groupe analgiphore» de
Schaumann. Nous voudrions seulement souligner que nous ne pouvons pas
dans tous les cas prédire d’avance les effets possibles d’un composé, méme
en connaissant les corrélations générales de sa structure.

Il faut enfin parler des propriétés de notre composé qui sont plus avanta-
geuses que celles de la morphine. La morphine détermine chez 60 a 80% des
chiens des vomissements a la dose de 0,5—1,0 mg/kg. La 6-acetyl-métho-
bromide de morphine ne détermine pas de vomissement méme a la dose de 4
mg/kg. Nous rendrons compte ailleurs de ces expériences actuellement en cours.
A ce point de vue, notre composé ressemble au dérivé quaternaire de I’apo-
morphine qui n’a pas d’effet vomitif méme a la dose de 6 mg/kg alors que la
dose vomitive de I’apomorphine est de 100 /tg/kg.

Un autre avantage de notre composé c’est qu’il présente chez la souris
un spectre d’action plus large que celui de la morphine. 50% des souris sont
tués par 43 fois la ED-50 de la morphine, tandis que pour obtenir le méme
résultat il faat 735,4 fois la ED-50 de la 6-acetyl-méthobromide de mor-
phine. Si cette proportion existe également chez I'homme on pourrait utiliser
la 6-acetyl-méthobromide de morphine avec moins de risques que la morphine
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ACTA PHYSIOLOGICA
TOM. XVIII. - BbIM. |

PE3IOME

OAHHBIE K KMHETUKE XOJ/IMH3CTEPAS3bI IN VIVO
I. NKBAMEPEHWE AKTMBHOCTW XOJIMH3CTEPAS3bI B OlbITAX IN VIVO

O. ®EXEP un 3. BOKPU

ABTOpbI paspaGoTany MeTof A/ U3MEPeHWUsl aKTUBHOCTU XO/MMHICTepPasbl BEPXHEro
LLIe/iHOrO y3Mna y KOLWKW. [pyu 3TOM MeTOofe NpoBOAWTCS Mepdysust yana pacTBopom J10KKa,
cofiepallleM cy6eTpathl (ALETUAXONMUH, aueTUN-/3-MeTUNXOMH, 3TUIX/IopaLEeTaT) U UHTUGK-
TOpbI (33€PVH, MPOCTUIMUH) XOMMHACTEPasbl, U M3MEPSeTC XUMMUYECKMM CMoCOOOM pasHULA
MeXay KOHLEHTpauueli BTEKAIOLLEro 1 BbITEKAKoLEero nepdysaroB. 3Ta pasHuLa 06YyCnoBAu-
BAeTCA aKTUBHOCTLIO XONMHICTepasbl yana.

ABTOpbl YCTaHaB/MMBAlOT, KakUM 06pasoM YCnoBus nepdysny (KOHUEHTpauust cy6eT-
pata, CKOpPOCTb TeUeHWsl) OMnpefenstoT pasmep U3MEHeHMSt M3MEePEHHOW KOHLeHTpaummn cy6eT-
parta.

Coo6Lga+0Tc;| JaHHble OTHOCUTE/IbHO YCNOBWUIA MNepmeabubHOCTU OTAe/bHLIX Cy6CTpa-
TOB U WHTMOUTOPOB.

OAHHBIE K KWHETUKE XOJ/IMH3CTEPAS3bI IN VIVO Il. CPABHEHVNE TWAPO-
NN3A ALETUAXONNHA N ALUETUN-E-METUNXONIMHA B BEPXHEM LUEVMHOM
Y3/1E KOLUEK IN VIVO U IN VITRO

O. PEXEP n 3. BOKPU

ABTOpbI MCCNefoBaN TMAPON3 aUeTUNXONMHA W aueTun-/?-MeTUAX0/IMHA XONIMHA3CTe-
pasoii BepXHero LeliHOro y3na KOLIKW B Ciy4vae nepdysuy in vivo M romMoreHvsauuu.

B cnydvae aueTWIXOMMHA OHW MOMYYWAWN in vitro KOMOK0/1006pasHy KpuBYK Cy6CT-
pata. 3To yKasblBaeT Ha TO, YTO y3e/l COLEPXMWT [/MaBHbIM 06pa3oM aLeTUIXONMHICTepasy.
MonyyeHHble in vivo BeNMUMHbI MOKasanM BecbMa 60/bLUOE paccesiHue.

B cnyyae aueTun-/3-MeTUAXOMMHA OHWU MOMYYMAN in vitro KOIOKOM006pasHylo KpUBYH
a in vivo XapaKTepHYK ANs MCeBLO-XONIMHAcTepasbl S-06pasHyto KpuByko cybecTpata. Beugy
3TOr0 MOXHO Mpejnosaratb, UYTO KMHETMKA aLeTWUIXO0MMHACTePasbl NPU TaKUX YCMOBUSAX He
NAEHTMYHA C Habnwgaemon in vitro KUHETUKON.

CBS3b MEXAY BAIYCHOW A®PEPEHTAUMEWN W BbICLUEA HEPBHOW [OESA-
TE/IbHOCTbIO

A. MOJIbHAP, A. TAbW n K. TNWAK

B onbiTax Ha co6akax McceioBasnock AeiicCTBME NMPOBEAEHHON Ha Pas/IMUHbIX YPOBHAX
BaroTOMMM Ha YC/OBHbIE PE(IEKCbl. Y >KMBOTHbIX C NepepesaHHbIM 61yXAAI0WMM HepBOM
BO3HMKAIOT KO/IMUYECTBEHHbIE N KAYeCTBEHHbIe M3MEHEHUS B BbIPaboTaHHbIX 40 Onepauumn ycro-
BHbIX pediieKcax; HeaKTVBHble TOPMO3HbIE U aKTMBHbIE (pasbl UepefytoTCA C XapaKTepHOW ne-
PVOANYHOCTLIO. Y[1an0Ch BbISIBUTb TaKXe Mpoudue MposiBMieHNs, TaK Hanp. NOBTOPHO MOSIBNSA-
folmecs napafokcasibHble peakuyMu M (pas3oBble COCTOSAHUSA:

ONa 06bACHEHNS BOHUKHOBEHWS! BbILLIEONUCAHHOIO SIB/IEHWSI aBTopam YAanocb Orno-
3HaTb B XOfle MPOBEAEHHbIX MCCMeA0BaHWn KOCBEHHbIN MeXaHWU3M: Mepuoanyeckoe M3MeHeHue
YCNOBHbIX Pet/IeKCcoB NMoc/ie BaroTOMMK HaxXoA4WUTCA B TECHOW CBSI3W C M3MEHEHUSMM cofepyKa-
HUS Ka/lbLWs! B CbIBOPOTKE. MpPM MCUE3HOBEHMM YC/IOBHbIX PE/IeKCOB HabM0AaeTCs BbICOKWUIA



YpOBEHb KasfibLIMSi B CbIBOPOTKE, OAHAKO, MOCTENeHHOe NpeKpalleHne 1 BO3BpaLleHre pediek-
COB TaKXe MOXHO MPOCNeAMTb MapasfeslbHo C U3MEHEHUSIMU COAEPXKaHWUA KasbLUus B CbIBO-
poTKe.

BOCMAJINTE/bHbIN ,,LEUKOPENIC FACTOR” (MEHKWH) N ®AFOLINTO3
NIEMKOUMNTOB

r. NY[OAHb, . BANAA, A. IOKNEH u U. ®EXEP

BocnanutenbHbI ,leukopenic factor” (MeHKMH), NpU BHYTPVMBEHHOM BBEfEHUU CO-
6akam, TOPMO3MT (harouuTo3 6GaKTepPUn rpaHynoumTamu. ITOT 3QeKT pasBMBaeTCA napas-
NeNbHO C M3MEHEHWEM KapTWUHbI KpoBU. Mpy KoHUeHTpaummn 10-*—10-6, adpekT Habnrogaetcs
Takxe in vitro. MPMBOASATCA CCbUIKA Ha KMHUYECKUE HaGMOAeHWS.

OENCTBUE TUMNOTEPMUN HA AKTMBHOCTb ®0C®HOPUA3blI MEYEHU
B. HABA, T. CUNAObW, 3. CABO u Ab. BOT

NccnepoBanack Ha 6enbixX Kpblicax aKTMBHOCTb ocopunasbl MeyveHW npu raybokoii
rMnoTepMumn, 1 B CBSI3N C 3TVM Obla BbISICHEHA PO/b aipeHa/IMHA, YUaCTBYHOLLEr0 B aKTUBaLMK
thocthoprnasbl neveHu.

BbiN0 yCTaHOBMEHO, YTO

npu rny6oKoi rMnoTepMuUM akTUBHOCTb (pocthopuiasbl MeYeHN CHUXKaeTcs. CHuKeHUne
TeM 3HauuTeNbHee, Yem Gonee rny6okKa W AAUTENbHA TUNOTEPMMSI.

Mpu rMNoTepMmMM yMeHbLLIEHE aKTUBHOCTW (hochopunasel MeveHW He MNpeacTaBseT u3
ce6s1 He0BPATMMOro U3MeHeHMs, M60 CHOBa NOAOrPEThIE XXMBOTHbIE MOKAa3bIBAOT TakKUe XXe Ben-
UMHbI (PEPMEHTATMBHOM aKTMBHOCTM, KaK W aKTMBHOCTb hocdopunasbl MeveHW HOpMOTepMu-
YECKMX XXMUBOTHbIX.

ALpeHanvH NoBbIWAET aKTUBHOCTL hocopuiasbl MeYeHW HOPMOTEPMUYECKUX XKUBOT-
HbIX. Y TUMNOTEPMUYECKMX KPbIC aKTUBMUPYHOLLee AeACTBUE agpeHanMHa 6onbliuee MGO OH Mo-
BbILLAET HW3KME BeNMUMHbI (hocthopuniasbl TMMOTEPMUYECKMUX XKXUBOTHBIX [0 MOYTU OAMHAKO-
BOFO C HOPMOTEPMMUYECKMMU XXMBOTHBIMU YPOBHSI.

Mpu runoTepMuM akTMBUpYtoLan gocopunasy neyeHn epmeHTaTUBHasS cucTema Cro-
cobHa K (hyHKUMN.

HabnogaeMoe nNpy rvnoTepMUKU CHYDKEHME aKTUBHOCTU hoctopunasbl nedeHn o6ycno-
B/IMBAETCA He MOPaXXeHWeM aKTMBMPYHLLEA hocthopunasy hepMeHTaTUBHON CUCTEMBI, a 0TCYT-
CTBMEM He TO/IbKO Y4acTBYIOLLEro B aKTMBaumu ocdopunasbl agpeHanvuHa, a, Nnpeanosioxu-
TeNbHO, W TyKaroHa.

WCCNEAOBAHUE TMPECCOPHO-AEMPECCOPHOW MPOTWBOPEFY/ALUNN TPU
SKCIMNMEPUMEHTAJ/IbHOM MOBbLILLEHHOM KPOBAHOM [JABJIEHNW, BbI3BAH-
HOM PA3J/IMYHBLIMI CIrNOCOBAMU

A. KEBEP, b. BEPEFCACW. Ab. MO/NIbHAP n . BEHT

Mpexae Yem MPUCTYNUTb K CBOMM 3KCMepMMeHTaMm, aBTopbl paspaboTasv TOUHbIA 1
HafeXHbl/i MeToa ANs ONpedefieHns CofepXXaHus CBOBOAHOro, CMoco6HOro ANGQYHAMPOBATL
rmcTamuHa B nnasve co6ak. Mpu MOMOLLM 3TOr0 MeToda WCC/efoBasoch, C OAHOW CTOPOHbI, Ha
HOPMasibHbIX CO6aKax, a C APYroii Ha TakuxX, Y KOTOPbIX 3KCMEpUMEHTaNIbHO GbIl0 BbI3BAHO
NOBbLILIEHHOE KPOBSIHOE [aBfieHWe, W3MeHeHMe CBO6GOAHOr0, CMOCO6HOro AUddYHANPOBATL
COZIEPXKaHUS TUCTaMMHA B KPOBSIHOW M/a3Me BO BpeMsl BAvBaHWsi 20 MUKPOrpaMm Kr/MWH.
ajfipeHanuHa.

1. Y HopMasibHbIX co6aK cofiepXKaHue CBOGOAHOMO rMCTaMuHa B Nia3me KpoBW BO Bpems
B/MBaHUA afjpeHannHa MOBbILLAETCA A0 2—4-KpaTHbIX 3HAUYeHUn UCXOAHOM BeNUuuHbL. Mpw
LOCTVXKEHUM MaKCMMyMa FMCTaMyMHEMUW PermcTpupoBaHHOe Ha fIockKyTe Jlepcyme faBreHue B
COHHOV apTepun nafaeT HUXKE WCXOAHON BENNUUHBI.

2. CofiepXkaHue CBOGOAHOrO rmMcTaMuHa B naasme co6ak, Y KOTOPbIX Bbi3blBAIOCh MOBbI-
LLEHHOe KPOBSIHOE faBfieHMe MyTeM [eHepBauuW [enpeccopa M nasyxXu COHHOM apTepuu, BO
BPEMS B/MBaHUS afpeHa/MHa OCTAaeTCA HeuMeHHbIM.



3. Bo BpemMsl pasBUTUSI peHaslbHOIM FMNepTOHMW, BbI3BaHHOM METOLOM LenoaHoBOro
nepuHeqpuTa, CofepXKaHue CBOGOAHOrO rMCTaMMHA B M/asMe MOBbLILLAETCA MapanfiefibHo ¢
KPOBSIHbIM [JaBfieHNEM, B TeuyeHMe 6—8 MeCsiLieB OHO OCTAaeTCs Ha AOCTUIHYTOM HauBbICLLEM
YPOBHE, a 3aTeM B Moc/eayowmnx Mecauax nagaeT o npu6a. HopMasbHOW BeMUMHBI.

4. B nepBble MeCALbl COCTOSIHUSA MOBbILIEHHOr0 KPOBSIHOTO aBfieHUs!, BbI3BAHHOTO Mepu-
peHa/IbHbIM (1GPO30M, CofiepKaHNe MUCTamMmrHa B KPOBSIHOW M/a3me BO BPEMS afpeHasIMHOBOr0
B/IVBAHUSI MOBbIWAETCS 10 2—4-KPaTHbIX 3HAYeHWUd MCXOAHOM BennMuuHbl. B nocnegytouine
MecsiLibl 9TOT OTBET Ha afipeHerpuyeckoe pasfpakeHune Bee 60/1blUe YMEeHbLLAETC M HaKoHel,
COBepLUEHHO NpeKpallaeTcs, T. . HacTyNnaeT TaKoe COCTOsIHWE, KOTOPOe COOTBETCTBYET MPOTHU-
BOPErynaUMoHHolii 6/10Kafe, COCTOALLEAC HeMeasieHHO Mocne JAgHepBauuy Masyxu COHHOW
apTepum U [enpeccopos.

OENCTBUE SH-MHMTMBUTOPOB HA TFAHI/IMOHAPHYIO TMEPELAYY BO3BYX
OEHVSA B BEPXHEM LUEMHOM Y3/1E KOLWIEK

n. XANAC, . MEXJTEP, O. ®EXEP n W. JAMbAHOBNY

ABTOpbI UCCNEA0BaIN U3MEHEHNE (DYHKLMM BEPXHETO LLEHOrO y3/1a KOLLUEK Ha feiicTBUe
SH-MHrM6UTOPOB B OMbITax in situ W Ha W30/IMPOBAHHbLIX y3Max MyTeM Perucrpaumu noTeH-
uvanoB fJeiictBusi. [py MeHblUed  KOHUeHTpauun SH-MHIrM6bMTOpbl 06paTUMO napanusu-
pytloT nepefayy BO3GYXAEHUS, M YCUNUBAKOT pasfpaxarollee y3en AeiCTBUE MHBULMUPOBAH-
HOro uepe3 KPOBSIHOE PYC/I0 B y3e/ aLeTWIXO/IMHA, a B GOMblUeil KOHLEHTpaLMM oTpaxarT
pasgpaxkeHve Yy3na, BbI3BaHHOE BHyTpUapTepuasibHbIM BBeAeHVEM aueTunxonvHa u  KCL.
BbllweykasaHHbIi cyMMapHbIin 3ghheKT SH-MHIM6MTOpPoB BPEMEHHO MOXKET ObiTb MpeKpaLleH
C MOMOLLBI0 LWCTeMHA. BaHelllne 3aKIOUEHUs, CAeNaHHble U3 pe3ynbTaToB OMbITOB Crle-
JytoLipe:

1 Vimerowmecsi B CUMMATUYECKUX Y3/M1aX PeLenTopHble CUCTEMbI aLeTUIX0MHA NoKasbl-
BalOT TaKXke B OTHOLEHUN SH-MHIMGUTOPOB Pa3/IMYHYI0 YyBCTBUTENbHOCTb.

2. SH-rpynnbl UrpawT BaXKHYH PoOJib B MOCTPOEHMM MOCTCMHAMTUYECKOV MeMbpaHbl,
fa fjaxe B MOCTPOEHWUM aLETUIXO/IMHOBbLIX PELEHTOPOB.

OENCTBVE ANb®A-AMUHOKUCNIOT HA FAHMIMOHAPHYIO MEPEAAYY
BO3BYXAEHWA
w. JAMbAHOBWY, O. ®EXEP, . XA/AC n ®. MEXJIEP

ABTOPbI UCCNEA0BaNN AENCTBYE PA3NNYHbIX aMUHOKMCIOT M UX POACTBEHHbIX COeMHe-
HWIA Ha FaHrIMOHAPHYH nepefady BO36BYXAEHUS.

OHW NPOBENN Nepgy3nto BEPXHEro LLIEMHOMo y3na Kollek rno mMeTofy KubbsikoBa, u peru-
CTPMPOBaNM COKPALLLEHUS MWUraTe/lbHOM MepernoHKU, Bbl3BaHHbIE MPeraHrIMOHapHbLIM pasapa-
KEHMEM WM e BHYTpuapTepuanbHOl WHbeKLMe aueTunxonuHa u KCL OHM ycTaHOoBMM,
UTO pacTBOpeHHble B Mepdy3aTe anb(a-aMUHOKMCIOThLI NapasinayoT MpornopLmMoHanbHO CBOei
KOHLEHTpaLMM pasapaxatolLLee y3en AeiicTeue auetunxonmHa n KCL B To Bpems Kak Ha nepe-
Jauy MperaHrnMoHapHbIX UMMY/LCOB OHW BO3AENCTBYIOT TOMIbKO NPU GoMblUel KOHLEHTpaLWN.

Viccneays MexaHuW3m [JeiicTBMSt aBTOPbl BbISIBUMW, UTO aMWUHOKUCMOTbI MPUrofHbl Ans
avddepeHLmMaLmMn onmncaHHbIX dexepeM U BOKpW CBOBOAHLIX U MHHEPBUPOBAHHbLIX aLeTU/IX0-
NIMHOBbLIX PELENTOpoB, fasnee, YTo A/151 BbI3blBaHWS BbILLIEONUCAHHBLIX AENCTBUA HEO6X0AUMO
COBMECTHOE MPUCYTCTBME aMUHO- W Kap6OKCUIPaAMKaos.

Ha ocHOBaHWM NUTEPaTypHbIX AAHHbIX WU CBOMX COBCTBEHHbLIX Pe3y/bTaToB, aBTOPbI
BbIIBATAIOT 3aK/HOUYEHUS O BO3MOXHOW (DV3MONOTUYECKOW PON aMMUHOKMCIIOT.

CBA3b MEXAY COAEPXAHMEM WOAA B BO3AYXE W SHEPTETUYECKUM
OBEMEHOM KPbIC

. BANOT n A. MTAJIb®U

Mpn 25—75%-0/ OTHOCUTENbHOW BIAXXHOCTW BO3AyXa HE YAanoCb BbISIBUTb CBSI3U
MeXJay cofepXaHveM nofa B BO3gyXe M 06MEHOM BeLLECTB KpbIC. B NPOTUBOMOMOXHOCTL 3TOMY
Habnoganacb TecHasi, HO CNOXHAas CBA3b MEXAY CoAepXaHWem Mofa, BbISBASEMbIM B Hacbl-
LLIeHHOM Mapamn Bo3ayxe npu Temnepatype 37 °C, U OCHOBHbIM O6MEHOM.



DPAPMAKOJIOIM'MYECKOE NCCJ/IEAOBAHUE 6-ALETW/1-MOP®VNH-METOBPOMWIA
A. PAYLWU, E. CETU, K. MATJA, 0. HALb, P. EOTHAP u W. CABO

ABTOpbI MCCNef0Ba/IN U CPaBHMBa/IN C MOP(UHOM 06e360MMBatoLLEe AeicTBYE 6-aLeTu-
MOpPMH-MeTOBPOMMAA, TaK U ero AeicTBME Ha [blXaHWe, BO3MOXHOCTbL MOBMATb Ha 3TU [eiicT-
BMS MPOV3BOAHbIMY N-annuna, fanee ero ymeHblUaloLlee Kalle/b AeliCTBUE, Napain3upytollee
raHrnuy feiicTBue, [eCTBMe Ha ABWraTefbHble MAACTUHKKW, KakK W MPUBbIKAHWE K HEMY U
TOKCMYHOCTb 3TOr0 npenapaTta.

V13 pe3ynbTaToB BbIABUrasiock TO TEOPETUYECKOE YCTAHOB/IEHWE, YTO 6-aLeTUI-MOphUH-
MeTo6poMUS NpesCcTaBseT YeTBEPTUUHOE NPOU3BOAHOE MOP(MHA, KOTOPOE MpU 3HAUUTE/IbHOM
6oneyTonsoLemM AeliCTBMN He OKasbIBAaeTCs KypapernofoOHOro, napasiM3vpyolero raHramm
JelicTBuA. [JaHHOe coeMHEHNE 3aCNY>XMBaeT BHUMaHUA TaKXe U C TOUKM 3peHUst MpaKTUKW,
160 ero 6oneyTonsoLLEE AEACTBME Ha Mbilwax B 16,7 pa3 60nblle YeM TO MOP(MHA, NPUYEM OHO
CHUXaeT 06beM AblxaHus B 1,9 pa3 MeHblle MopgMHa. CmsArdatollee Kallenb felictBue B 1,8
pa3 cufbHee [elCTBUA KOfenHa. Y Mbllleii NpMBbIKaHWE MeHbLLee, YeM B C/lydae MopduHa, a
MUX TOKCUYHOCTb OfMHAKOBaA.
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ERRATA

In the Acta Physiologica Academiae Scientiarum Hungaricae 17,
465 (1960), a paper was published by J. Biro, entitled: Action of Rau-
wolfia preparations on the bladder muscle. On page 467 the two Figures
are inverted and the text below the Figure is missing.

In the right order, the lower Figure is Fig. 1. Its text is as
follows :

Fig. 1.

Experiment No 59. Cat, weight 1.80 kg.

A — Upper line : bladder curve. Middle line : blood pressure curve, on the left mm Hg.
Lower line: Ground line with time-signal each 30". — 1:0.10 ml Rausedyl intra-
venously.

R — Marks as at A. The kymogram illustrates the 31—38' after Rausedyl administra-
tion.

In the right order the upper Figure is Fig. 2. Its text is as follows:

Fig. 2.
Experiment No 50. Cat, weight 2.60 kg.

A — Upper line: bladder curve. Middle line: blood pressure curve, on the left mm Hg.
Lower line: Ground line with time-signal each 30". — J : Lavage of the bladder

with physiological saline of 38° C. 2 :0.65 ml Rauwopur intravenously.

B — Marks as at A. The kymogram illustrates the 25—32' after Rauwopur administra-
tion.
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STUDIES ON THE FUNCTIONAL HOLE
OF THE MYOFIBRIL-BOUND NUCLEOTIDE

I. PHOSPHORYLATION OF THE MYOFIBRIL-BOUND NUCLEOTIDE
By
N. A. Biré and A. Muhlrad

DEPARTMENT OF BIOCHEMISTRY,INSTITUTE OF PHYLOGENY AND GENETICS, L. EOTVOS UNIVERSITY,
BUDAPEST

(Received January 22, 1960)

Myofibrils contracted by ATP and myofibrils made to relax by various effects
in the presence of ATP were tested for total nucleotide and acid-labile P content.
When relaxation was induced at low temperature with EDTA, the acid-labile P/bound
nucleotide ratio (P/N ratio) decreased in comparison with the P/N ratio for the con-
tracted myofibril. No decrease in the value of P/N was observed when relaxation was
brought about by high ionic strength, urea or concentrations of ATP above the optimal.

Experiments performed with ATP with its P labelled indicated that the
difference in the value of P/N is not due to P uptake in the contracted state, but to
a dissociation of part of the bound nucleotide, first of all ATP, in the relaxed state.
Muscle converts chemical energy into mechanical work. This process is

based on some insufficiently known change in the myofibril which makes to
shorten this complex of the two proteins myosin and actin. The energy of
contraction is derived from the breakdown of macroergic phosphate com-
pounds, just like in the case of any other cell function. Although there is
no direct proof this macroergic compound being ATP, this has been accepted
by most investigators of muscle function. The hypothesis is supported by (i)
the identity of myosin with the ATP-ase bound to muscle structure [1]; (ii)
the fact that actin, the other structural protein of muscle, contains protein-
bound ATP, which is broken down on the polymerization of actin [2]; (iii)
the obvervation that in certain in vitro systems the actin-bound nucleotide
takes over phosphate from the creatine phosphoferase-creatine phosphate
system and breaks it down [3]; (iv) the fact that the mechanical function
released by ATP of the model system composed of actomyosin closely re-
sembles the function of muscle in action [5]; and, finally, (v) the correlation
hetwreen the function and ATP breakdown of these models [4].

One of the fundamental questions within the framework of this theory
of muscle activity is the connection between the energy release due to the
rupture of high-energy bonds and the changes in protein structure. According
to our hypothesis (based on the idea suggested by Straub [2] when describing
the actin-bound nucleotide), the phosphorylated and dephosphorylated ADP
(or ATP) bound to actin, would be the very link between the protein structures
and free macroergic phosphates. In the course of the contraction cycle thel

1 Acta Physiologica \ V111,2.
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nucleotide of actin would pass through phosphorylated (ATP) and dephospho-
rylated (ADP) forms and the difference in energy between the two phases
would supply the energy for the structural changes taking place when the
protein contracts. The ATP-actin complex may be formed through an exchange
of the nucleotide (ADP replaces ATP) or through its phosphorylation (ADP
istransformed into ATP by transphosphorylation). To confirm this hypothesis,
surviving musclesin the relaxed and contracted state [6] were studiedand itwas
found that it would be advantageous to make experiments with model systems,
because in them it could be achieved much easier that the muscles analysed be
in the contracted or relaxed state. In the following some experiments of this
type will be described.

In the present paper studies on the state of phosphorylation of the
bound nucleotide in myofibrils, caused to contract with ATP, and in myo-
fibrils made to relax by various effects (first of all by EDTA), in the presence
of ATP are described. The next paper [7] will deal with the metabolism in
vitro of the bound nucleotide, as analysed by the use ofradioactive3P isotope.

Materials and methods

The myofibril suspension was prepared by the method of Perry [8] with the modifi-
cation that homogenization and washing were done in 0.02 M borate buffer of pH 7.1. Rabbit
psoas and latissimus dorsi muscles were minced, then homogenized in a MSE homogenizator
with 1 :10 volume of 0.02 M borate buffer (pH 7.1) for 2 minutes. This and every subsequent
procedure were carried out at O0 C. The homogenate was then centrifuged for 10 minutes
at 900 g. The precipitate was resuspended in 10 volumes of a 0.02 M borate buffer, followed
by centrifugation at 900 g. This procedure was repeated five times.

After the final resuspension in 1:4 volume, water-free glycerol was added to the
suspension to a final concentration of 40 per cent. The myofibril suspension thus prepared
was indefinitely stable when stored at —10° C.

The Marsh-factor was prepared by the method of Portzeht [9].

The ATP used was prepared by Kébanyai Gyoégyszerarugyar, Budapest, and contained
ADP and AMP as contaminants.

ATP containing 32P was prepared at the Institute of Medical Chemistry, Medical
University, Budapest, according to Garzé, Mile and Muhirad [10].

Usually, the following mixture was used in the contraction and relaxation experiments:

Myofibril suspension corresponding to 1 g of whole muscle, 2— 16 /rM/ml ATP, 5 mM
MgS04, 0.02 M borate buffer pH 7.1, 0.025 M KC1, as well as the other reagents specified
with the individual experiments. The final volume was 10 ml. The experiments were carried
out in a water bath of 20° Cwith incubation times from 1 to 30 minutes. In some experiments
the process was arrested with ethanol, added to reach a final concentration of 20 per cent, while
in others, the mixture was centrifuged without adding any other reagent to it. The myofibrils
were then repeatedly washed to remove free nucleotide. The washing fluid was borate buffer,
or borate buffer containing 20 per cent ethanol; there were six centrifugations at 900 g, in
10-fold volumes (to muscle weight). Subsequently, the bound nucleotide of the myofibril
was extracted three times with 2 ml 6 per cent perchloric acid.

The quantity of nucleotide in the perchlorate extract was determined in an Uvifot
photometer, at 254 m/t. The bound inorganic P and the acid labile P of the nucleotide were
estimated by the slightly-modified method of Berenblun and Chain [11]. Protein was deter-
mined by the quantitative biuret test. In the enzyme activity assays P was determined accord-
ing to Fiske and Subbarow [12].
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Results

The experiments now discussed served to compare the bound nucleotide
content of the relaxed myofibrils with that of the contracted ones. From the
total amount of nucleotide (“N”, expressed in pMjg muscle) and from the
acid-labile P (“P”, (iM/g muscle) the P/N ratio was computed and was used to
assess the degree of phosphorylation of the bound nucleotide.

Contracted myofibrils were prepared by incubation with ATP in suitable
media for from 1 to 30 minutes.

The myofibril preparations used were considered tobe relaxed, although
in fact they were slightly contracted. The myofibrils incubated with ATP
but treated in various ways to inhibit contraction were also considered to he
relaxed. Such relaxing treatments were the following.

1. The relaxing factor prepared from muscle according to Portzehl [9],
a suspension of subcellular granule fractions of unknown composition.

There is not sufficient evidence as to the nature of the relaxing factor
first described by Marsh [13]. It is a constituent of the muscle cell. Attempts
have been made to identify it with various enzymes of muscle, that can
phosphorylate ADP by transphosphorylation [14, 15, 16]. Recent data seem
to indicate that this view is not tenable [9, 17] and that certain granular
components would be responsible for the relaxing action [9, 17], eventually
together with some substance of non-protein nature and of unknown com-
position [18, 19, 20].

2. EDTA (ethylene diamine tetraacetate sodium). The relaxant action
of EDTA on the glycerol fibre model was first described by Bozler [21] and
Watanabe [22].

3. Mg-free reaction mixture. Mg ions must be present when maximum
contraction of actomyosin is to be achieved. Therefore, in the absence of Mg
the ATP-treated myofibril is considered to be relaxed.

4. Incubation at 0° C. It is known that no contraction takes place, or the
contracted model relaxes when the medium eliciting maximum contraction at
the temperature range offrom 20 to 30° Cis cooled to 0° C [23, 24].

5. High ionic strength. lonic strength profoundly influences the contraction
of actomyosin model systems; the system relaxes above 0.2 [x [24, 25].

The myofibril reacting in a medium whose ionic strength has been in-
creased from 0.025 to 0.20 y is considered to be relaxed.

6. Urea was first described to cause the relaxation of the glycerol fibre
(at a concentration of 1.0 M) by Bozler [26]. The myofibril reacting with
ATP in the presence 1 M urea is considered relaxed.

7. ATP concentration beyond the optimum. There is an optimum for
the contraction of actomyosin model systems in in dependence of ATP con-
centration [24, 27]. Around an ATP concentration of 10 mM, contraction does
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not take place any longer. The myofibrils incubated in media with such high
concentrations of ATP are considered relaxed.

The relaxed or contracted state of the myofibrils treated by various
methods was checked first of all by assaying the ATPase activity, considering
that the contraction of the various actomyosin systems is associated with
a high ATPase activity (a few decimal fiM P/min/mg actomyosin), while
relaxation with a low, inhibited ATPase activity (a few hundredths fiM
P/min/mg actomyosin). The relaxing treatments employed reduced the ATPase
activity to 10to 35 per cent ofthat shown by the contracted myofibril. ATPase
was not estimated in every experiment, because the settling during incubation
offered direct evidence of the contracted or relaxed state of the myofibril.

In Table I and Il are presented tbe results of analysis for the contracted
myofibril and for myofibrils caused to relax by treatment with the relaxing

Table |

Incubation in the reaction mixture specified in the text

Final concentrations of relaxants: relaxing factor [9]: 4 ml/10 ml reaction mixture; EDTA:
0.004 M. Duration of incubation 2 minutes. Reaction stopped by the addition of ethanol to a
final concentration of 20 per cent, followed by washing with borate buffer containing 20 per cent

ethanol
4M nucleotide uM hydrolysable P
g actomyosin g actomyosin P/N
“N7 wpr
Contracted 7.15 7.60 1.07
Relaxed (Marsh f.) 6.40 4.65 0.73
Relaxed (EDTA) 6.75 5.25 0.78
Relaxed (no Mg++) 6.55 5.30 0.81
Relaxed (0° C) 6.63 5.24 0.79
Table 11

Experimental conditions as in Table I. At the end of incubation centrifugation, followed by washing
with borate buffer

fiM nucleotide /uM hydrolysable P
g actomyosin g actomyosin P/N
()

Contracted 8.1 9.0 i
Relaxed (Marsh f.) 7.5 6.3 0.84
Relaxed (EDTA) 7.2 5.8 0.80
Relaxed (0° C) 7.6 6.4 0.84
Relaxed (no Mg++) 7.0 5.7 0.82

factor, EDTA, Mg-free medium and incubation at 0° C, respectively. In the
experiments shewn in Table I, incubation was terminated by the addition of
ethanol and the free nucleotide was washed cut in an ethanolic medium. In the
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experiments contained in Table Il, incubation was brought to an end with
centrifugation and washing with borate buffer.

Both types of experiments indicated clearly thatthe relaxed myofibrils
contain less nucleotide, which is also less phosphorylated.

Next, we examined in what measure the phosphorylation of the nucleo-
tide is influenced by contraction or by the duration ofthe reaction. The duration
of concentration was 30 minutes, i. e. a period during which all ofthe added free
ATP was certainly broken down. According to the enzyme assays, 5 uM/ml
ATP was broken down completely within 5 minutes. After 30 minutes the con-
tracted suspension did not contain high-energy P in the free nucleotide, while
the relaxed one contained a considerable amount of hydrolysable P. The
results of these experiments are presented in Table I11.

Table 111
Experimental conditions as in Table I, except for duration of incubation
Duration of /nM nucleotide /M hydrolysable P
incubation, g actomyosin g actomyosin P/N
minutes (N) (P)
Contracted | 6.8 7.55 111
Relaxed (EDTA) | 6.75 5.25 0.78
Contracted 30 8.5 9.2 1.08
Relaxed (EDTA) 30 6.95 6.3 0.91

The results make it clear that the duration of the experiment had no sig-
nificant influence on the phosphorylation of the bound nucleotide. The fact
that after 30 minutes there was no free ATP in the contracted myofibril sus-
pension, while it was still detectable in the relaxed one, and yet the P/N ratio
was higher in the contracted suspension, indicate that an imperfect separation
of the free nucleotide from the myofibril cannot be held responsible for the

phenomenon.

Table IV

Experimental setup as before. After incubation corresponding to the “original state”, the process

was stopped by centrifugation. Subsequently, the substances specified were added to the single points,

as well as MgSO+ to a final concentration of 0,005 M and the usual buffer. The reaction ivas then
stopped again by centrifugation. Washing with 0,02 M borate buffer pH 7

|
After State after fiM nucleotide uM hydrolysable P

Original state centrifugation 2nd adding g actomyosin g actomyosin PIN
1
Contracted -fEDTA J contracted 6.6 6.8 1.05
Relaxed — relaxed 6.15 4.65 0.75
Contracted -fEDTA+ATPI relaxed 6.05 4.8 0.79

Relaxed +ATP contracted 6.95 7.2 1.04
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The data in Table IV reveal that the difference in phosphorylation be-
tween the contracted and relaxed myofibrils, as well as the change taking
place on contraction and relaxation are reversible. When, namely, contracted
myofibrils are caused to relax orrelaxed ones to contract, the nucleotide of the
myofibril will invariably reflect the last condition. It is also clear that EDTA
alone, in the absence of ATP, does not cause relaxation (see [21]); the con-
tracted myofibril resuspended in a medium containing EDTA exhibited the
P/N ratio apparently characteristic ofthe contracted myofibril, and it was only
after a second resuspension in the presence of EDTA and ATP that there
appeared a P/N ratio characteristic of the relaxed state.

Other relaxant effects were also analysed. As the data in Table V show,
the difference in the measure of phosphorylation between the nucleotide bound

10
09
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~2 \% J 16

ATP pM ml
Fig. 1. Changes in the value of P/N in the function of ATP concentration.
Experimental conditions as specified in Table I.
— ee+— in the presence of EDTA
----------------- no EDTA
X contraction
O relaxation
to the contracted myofibril and that bound to the relaxed myofibril does not
characterize any kind of relaxation. Relaxation induced by high KC1 con-
centration and that produced by adding urea increased rather than decreased
the value of P/N.
The same applies to the effect of an ATP concentration above the opti-
mum, as it is clear from Fig. 1.
It is noteworthy that in the above cases the P/N ratio decreased after
the addition of EDTA (Table V and Fig. 1).
W hat may be responsible for the decrease of the P/N ratio at relaxation
of certain kinds and its increase with contraction? The higher value ofthe P/N
ratio with the contracted state may be due to a transfer of P from the free ATP
to the bound ADP on contraction (or the latter is substituted by ATP), but
the change may also result from areduction in the quantity ofbound nucleotide
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Table V

Incubation and washing as specified in Table 1

EDTA, 0.004 M; KC1, 0.2 M; Urea, 1 M

/iM nucleotide /xM hydrolysable P
-fEDTA g actomyésin g actomyosin P/IN
(NY ®
Contracted - 6.4 6.8 1.06
Relaxed (EDTA) - 5.7 5.1 0.89
Relaxed (KC1) - 7.4 10.3 1.39
Relaxed (KC1) + 7.4 7.2 0.97
Relaxed (urea) — 5.46 6.2 1.13
Relaxed (urea) + 4.95 3.75 0.74

at washing after incubation, due in the relaxed state first of all to an elution of
ATP. Radioactive isotope studies seemed to offer the best possibility to decide
this issue. If the increase of the P/N ratio in the contracted state is dueto an
increase of bound ATP, on contraction induced by labelled ATP a considerable
proportion (about 30 per cent) of the hydrolysable P of the bound nucleotide
might be expected to be substituted, and radioactivity will appear in the bound
nucleotide. The experiment was carried out and the results are shown in
Table VI.
Table VI
Experimental conditions as specified in Table |

Relative specific activity related to specific activity of the hydrolysable P of the ATP used

/aM nucleotide [xM hydrolysable P . .

. . Relative specific

g actomyosin g actomyosin P/N activity X 100

™) ®

Contracted 6.65 6.9 1.06 2.55
Contracted 6.4 6.8 1.04 5.25
Relaxed (EDTA) 6.05 4.05 0.67 3.55
Relaxed (EDTA) 5.6 4.0 0.72 4.2

As seen, no substantial exchange has taken place in the experiment
shown. Thus, the difference in the composition of the bound nucleotide be-
tween the relaxed and the contracted myofibril was not due to a phosphory-
lation of the bound nucleotide on contraction or to an exchange of part of the
ADP for ATP. The difference must have been due to a release of some of the
bound nucleotide by the relaxed myofibril during incubation or during the
eelution following it, and the nucleotide lost from the relaxed myofibrils was
first of all ATP. Relaxation, at least with some of the relaxing effects, influ-
enced the nature of the nucleitide-protein bond and this must have been
responsible for the difference observed.
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Discussion

The experiments described call attention to certain differences in the
phosphorylation of the bound nucleotides between the myofibril suspensions
caused to relax by various methods. Evidence has been obtained to suggest
that relaxation induced by the Marsh factor, EDTA, 0 °C or Mg++ -de-
ficiency is different from that induced by urea, high KC1 or high ATP con-
centrations. This is supported also by Bendall’sstatement [28] that there are
two types of relaxation: a “Marsh faetor-EDTA” type, [20, 31], taking
place also when the concentration of Mg++ is in excess over, and the “pyro-
phosphate or high ATP concentration” type, which results when the concen-
tration of Mg++ is lower than of the relaxing agent. Barany et al. [31, 32]
have recently found that the inhibition of both ATPase activity and contrac-
tion is caused by substances which act on myosin proper or inhibit the inter-
action between myosin and actin. As we have seen on the basis ofthe phos-
phorylation ofthe bound nucleotide also two types of relaxation can be identi-
fied. The connections between this observation and those mentioned above
require further investigation.

The experiments with radioactive ATP indicate that the difference in
the composition of the bound nucleotide between the relaxed and contracted
myofibril is not due to a P-uptake by the bound nucleotide through trans-
phosphorylation. In relaxation, as induced by certain methods, the P/N ratio
is, invariably associated with a certain loss of total nucleotide due to a loss of
bound nucleotide (mainly ATP) by the relaxed myofibril. That this is actually
so and the difference is not due to an imperfect removal of free ATP in con-
sequence to an increased dehydration of the contracted myofibril (Table II1),
is indicated by the persistence of the difference after the complete breakdown
of ATP. In the cases when relaxation is not associated with a decrease of
the P/N ratio, there is no reason to assume that the hydratation of the
myofibril would be similar to that of the contracted myofibril either. The
differences obtained are considered to be real ones, due to differences appear-
ing on relaxation in the protein-nucleotide bond and manifested first of all in
a looser linkage with ATP. The radioactive isotope experiments intended to
elucidate whether the bound nucleotide would take part in the ATP break-
down associated with contraction, will be described in another report [7].
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The bound acid labile fraction and the bound inorganic phosphate of the myo-
fibril do not become significantly labelled when the myofibril breaks down ATP equally
labelled in the R and y positions. Likewise, there is no decrease in the specific
activity of the phosphate fractions of myofibrils labelled in vivo with 32P when the
isolated myofibril is splitting non-radioactive ATP.

The rate of neogenesis of the myofibril-bound P fractions is several orders of
magnitude higher than that of the actin protein (Velick [5]).

The above results are analysed with a view to a hypothetical intermediary role
of the bound nucleotide with special reference to the results published by Strohman
[9], Perry [10], Ulbrecht and Ulbrecht [11].

In a previous report [1] it has been concluded that the assumed cyclic
change of the bound nucleotide between the phosphorylated and dephospho-
rylated states cannot be demonstrated by a simple analysis of the bound nuc-
leotide in the various states of the muscle. The cause of this is first of all
technical: although there persistently occurred small differences in phospho-
rylation between relaxed and contracted muscles (P/N ratio, see Tables in
[1]), at the same time the total nucleotide content also changed. Therefore it
could not be established whether the difference was due actually to a transit
from the relaxed to the contracted state or it was an unimportant phenomenon
resulting from the washingsrequired for the isolation of the bound nucleotide.
It became obvious that the problem could advantageously be investigated by
the use ofradioactive P, because in this case an eventual exchange of phosphate
fractions may yield decisive evidence even if the nucleotide examined would
be just a fraction of the bound nucleotide presumably involved in the
reaction.

We studied not only the phosphate of the bound nucleotide, hut also the
myofibril-bound phosphate, i. e. that freed by perchloric acid from the
thoroughly-washed myofibril. The persistent presence ofthis phosphate was al-
ready noted in our initial studies [2]. As its amountis near to that ofthe bound
nucleotide, and it forms a very firm bond and is linked specifically to actin
(as it will he seen later), it is just as justified to attribute a functional signif-
icance to it as to the bound nucleotide. Exactly the same conclusions have
been drawn recently by Hasselbach [3] as regards bound inorganic phos-
phate.
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Materials and methods

These have already been described [1], except for some details which will be presented
with the experiments.

Results
a) Experiments concerning the nature of the bound inorganic phosphate

In 15 different myofibril suspensions, prepared by the usual method and
washed, the inorganic P content averaged 0.18 pM/g fresh muscle, and the ade-
nine nucleotide averaged 0.25 pMgf Detailed studies showed this inorganic P to
be bound to the actin protein of the myofibril. Washed myofibril was treated
with an extracting fluid (Hanson and Huxtey [4]) which extracts exclusively
myosin from muscle. To 6.6 ml of myofibril suspension (corresponding to 1.1 g
of fresh muscle) 55 ml of the extracting fluid was added. After standing for
1 hour at 0° C and centrifugation for 10 minutes at 900 g extraction was re-
peated. After an interval of 30 minutes followed another centrifugation for 10
minutes at 900 g. The volume was then adjusted to 11 ml with 0.02 M borate
buffer (pH 7), one ml was removed to be tested for non-collagen protein, and
the rest of the suspension was tested for inorganic and acid-labile phosphate,
as well as for nucleotide, as already described.

The results are presented in Table I.

Table |
Whole After myosin
myofibril extraction
Protein mg 86 56
P, inorganic, /rmole 0.279 0.243
P, hydrolysable, /unole 0.441 0.387
Nucleotide, /nTno\e 0.370 0.332

According to the results, the extraction of myosin was only partial, but
while the protein loss amounted to 40 per cent (falling as a whole on myosin),
the loss in inorganic P or in adenine nucleotide was only 10 per cent, indicating
that the bound inorganic P is bound to actin, like the nucleotide.

Next it was examined to what extent the bound inorganic and the hydro-
lysable P may be replaced by 3P, to assess the strength of the bond between
protein and phosphate. Myofibril was incubated for various lengths of time
with orthophosphate containing 3P, washed six times with 0.02 M borate
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buffer; finally, the bound fractions were extracted with 6 per cent perchloric
acid and the measure of exchange was assessed on ground of the specific
activity. The results are illustrated in Fig. 1.

The experiment showed the bond between the inorganic phosphate and
the protein to be firm; were it merely an adsorptive linkage, an equilibration
between the free and orthophosphate would have occurred, corresponding to
a 100 per cent exchange. However, only 5 per cent of the bound phosphate was
exchanged in 40 hours, afinding definitely pointing to the stability ofthe bond.

This confirms the existence of a well-defined inorganic orthophosphate, bound
to actin, a fact made probable by Hasselbach’s data [3].

b) Experiments concerning the metabolism of the bound phosphate fraction

On the basis of the assumed intermediary role of bound ADP, or bound
ADP and bound inorganic phosphate, four different mechanisms are conceiv-
able. Reactions 1 and 2 wculd involve an exchange of bound ADP for ATP,
while reactions 3 and 4 a phosphorylation of bound ADP by free ATP as the
phosphorus donator. In addition, it is assumed that in reactions 2 and 4 in the
course ofthe dephosphorylation of bound ATP the phosphate split offis bound
to protein and this would be the protein-bound phosphate mentioned above.
([A] means actin protein, and the adenosine phosphates are represented by
AdPPP, etc.). The equations relate to ATP labelled evenly with isotope
in the B and y positions, corresponding to the later-specified experimental
conditions, designating the isotope-labelled phosphate groups with P*. Asthe
equations show, in 3 ofthe hypothetical mechanisms (1, 2 and 4) labelling must
take place. In mechanism 1the bound nucleotide, in mechanism 2 the nucleo-
tide and the bound inorganic phosphate, and in mechanism 4 the bound in-
organic phosphate must become labelled.
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The experiments corresponding to the above schemes were carried out
under various conditions but significant labelling was observed in none of them.
One representative experiment is described below.

Radioactive ATP was split with washed myofibril. The end concentration,
of ATP was 2 (J.M/mIl. The reaction was stopped after one minute by centri-
fugation. Borate buffer was used for washing. The borate washing fluid and
the perchloric acid extract were tested for phosphorus fractions and their
radioactivity. Specific activity was related to the specific activity ofthe hydro-
lyzable resp. inorganic P ofthe post-incubation supernatant (-(- washing fluid).
The results are shown in Table II.

Table 11
Myofibrils  myofibrils incubated
. before with A"PP
incubation
Bound nucleotide, /nM/g 0,224 0.235
P, bound, inorganic /aM/g 0,171 0.176
Relative specific activity X 100 - 3.2
P, bound, hydrolyzable, ftM/g 0.268 0.272
Relative specific activity X 100 0.5

As seen, no significant exchange had taken place either in the nucleotide
fraction, or in the inorganic phosphate fraction. The exchange of inorganic
phosphate was of the same order of magnitude as that achieved by incubation
with labelled inorganic phosphate only. (Fig. 1).
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Essentially, the same experimental procedure was used when the phos-
phate fractions of the myofibril were labelled by the in vivo administration of
radioactive inorganic phosphate and then non-radioactive ATP was split with
labelled myofibril. In accordance with the above hypothesis in this case the
labelling of the phosphate fractions of the myofibril (with reaction mechanisms
1, 2 and 4) ought to have decreased. In the experiments with frog muscle
neither the labelling ofthe nucleotide phosphate northat ofthe inorganic phos-
phate decreased significantly.

This experience suggests that if the nucleotide has intermediary role*
this may correspond exclusively to mechanism 3, i. e. it may be a cyclic
phosphorylation-dephosphorylation. However, this mechanism cannot be
proved by experiments similar to those described above. Its demonstration
would require a fixation in some way of the hypothetical intermediary ATP-
state of the bound nucleotide, but the dénaturation of the protein makes it
impossible to separate free ATP from bound ATP.

All these experiments make it doubtful whether the bound nucleotide
has any role directly connected with function. It is namely conceivable that
the bound nucleotide is simply a structural element of actin, that is notin-
volved in any specific metabolic process in the course of function. If this is so,
the rate of exchange of the bound nucleotide phosphate must be comparable
in order of magnitude to the rate of actin neogenesis in vivo. However, experi-
mental evidence has been obtained to show that the bound nucleotide was
much faster labelled in vivo than the neogenesis of actin protein.

5 mC of 32P was injected intraperitoneally into a rabbit. The animal was
sacrified 96 hours later, the psoas muscles were prepared out in the usual way.
On isolating the myofibril fraction the supernatants were pooled and in this
way the specific activity of the free and bound fractions was determined
separately. The results are presented in Table IV.

Table IV
Bound fraction Free fraction
P, inorganic, /'mole 0.435 11.8»*
P, inorganic, spec act.* 181 184
P, hydrolyzable, /(mole 0.345 1.0
P, hydrolysable, specific activity 157 175

*Specific activity = imp/min/p.M P.
** The free inorganic phosphate fraction contains also the P of creatine phosphate.
This, being extremely labile, was broken down during the experiment.
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The results show no difference in specific activity between the free and
bound fractions. verick [5] found 67 days for the half-life of actin in rabbit
muscle. This would mean a neo-genesis of round 3 per cent of the aetin protein
in four days. Thus, the possibility that the exchange would be a result of
the neogenesis of the whole protein can be ruled out.

Discussion

T he above experiments have failed to offer direct proof of the actin-
bound nucleotide taking part in that special metabolism of ATP in the course
of which the energy of the macroergic phosphate bond is transformed into
mechanical work. At the same time, the hypothesis should not be given up
completely. The stability of the bond between actin and nucleotide [6, 7],
the stoichiometric proportions [6, 8] and the unique nature of the protein-—
adenosine-—phosphate complex characteristic of muscle [2] are by themselves
sufficient to be credited with special significance. This view is confirmed by
the evidence recently published by Strohmann [9] that (i) on the reversible
depolymerization of actin the bound ADP takes over the terminal phosphate
of ATP ensuring reversibility; (ii) under appropriate conditions the actin—H —
meromyosin complex can take over P from the creatine phosphate—creatine
system and can split this phosphate, which is transphosphorylated to protein
bound ADP. These experiments indicate that under suitable conditions the
actin-bound nucleotide isin fact capable of being phosphorylated and that the
phosphate thus transferred is split off again. This means that Strohmann has
succeeded in demonstrating the existence of the mechanism which on the basis
of our above experiments we suggested as the only possible one (reaction 3).
W hether this mechanisms actually takes place in the myofibrils when ATP is
broken down, it remains an open question, the more so, since Perry [10]
obtained negative results with myofibrils, in a system otherwise com-
pletely analogous to those prepared by Strohmann. We therefore feel that
this hypothesis, fundamental from the point of view of the mechanism of
muscle activity, should be further studied, it being supported also by the
labelling experiments in vivo which have ruled out the possibility of the
bound nucleotide being merely of structural importance.

It is more difficult to form an opinion as to the role ofthe bound inorganic
phosphate. The above experiments make it unlikely that this phosphate would
be an intermediary of ATP breakdown. If there is a protein-phosphate inter-
mediary, as it has repeatedly been suggested (more recently by Ulbrecht and
Ulbrecht [11]), it is not the firmly bound phosphate found in the washed
myofibrils, but possibly some more labile bond.

Ulbrecht and Ulbrecht have suggested the existence of a protein-
phosphate intermediary, because they found that in the course of ATP break-
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down in the presence of radioactive ADP the ATP became labelled, pre-
sumably as aresult ofa hypothetical protein—phosphate-complex intermediary
formation. Their experiments have yielded no evidence as to the nature of this
complex, so that if the complex actually exists, it may be identical with the
hypothetical ATP in our reaction scheme 3.
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Note added in proof:

Since this paper was sent to the redaction, Gergely et al. [J. Biol Chem. 235, 1704,
1707 (1960)] questioned the validity of some of the results of Strohman [9], and — in much
shorter times as in our experiment — they did not found a labelling of the bound myo-
fibrills in vivo. Like our experiments, the experiments of Gergely does not exclude either
the cyclical phosphorylation-dephosphorylation mechanism suggested here. A most recent
work of Yagi and Noda [Biochim. Biophys. Acta 43, 249 (1960)] bring clear evidence
of the phosphorylation of the bound ADP by creatine-phosphate on the case of myofibrills
prepared of glycerol-treated muscle or treated with desoxicholate
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Bacteriostatic concentrations of streptomycin had no substantial influence
on the oxidation of any of the substrates tested with the strains E. coli B and E. coli

055. Higher concentrations, especially in media of low ionic strength, caused a partial

inhibition of oxidation, but this began only after a latency period of from 20 to 40

minutes and proceeded at a slow rate.

Bacteriostatic concentrations of streptomycin inhibited the adaptive develop-
ment of the terminal oxidation system in E. coli cells from semianaerobic cultures.

The length of exposure needed for the inhibition varied according to the prevailing

conditions and the effect was influenced by the electrolyte concentration and pH of

the environment.

There is no theory that would unequivocally explain the mode of action
of streptomycin. The action of the antibiotic on the respiration of susceptible
bacteria has been discussed in several reports [1—13], but the evidence pub-
lished is far from being uniform. Inhibition of the oxidation of various sub-
strates in certain microorganisms susceptible to streptomycin has been ob-
served by Henry etal. [1, 2, 3], Geiger [4], Umbreit et al. [5—8], as opposed
to the increased rate of respiration found by Benham [9] and Wassermann
[10]. Paine and Crark [11, 12] found no unequivocal correlation between the
action on the respiration and the bacteriostatic activity.

According to our preliminary experiments, bacteriostatic concentrations
of streptomycin have no substantial inhibitory action on the oxidation of
glucose, pyruvic acid, fumaric acid, formic acid, glutamic acid, serine, threo-
nine etc. by the strains E. coli 055 and E. coli B. The oxidation of certain sub-
strates was partially inhibited by higher concentrations of the antibiotic,
especially when tested in media poor in phosphate. The inhibition of respiration
began after a latency of from 20 to 40 minutes and continued gradually.

It was also found that the E. coli cells from semianaerobic cultures slowly
oxidized pyruvate. The oxidation of pyruvate could not be increased catalyti-
cally with fumarate or oxalacetate; on the other hand, the oxidative activity of
such cells greatly increased intime when a suitable oxygen tension was ensured
and acomplete mixture of amino acids,or an ammonia nitrogen source and pyruvic
acid were present. The increase in the activity ofthe terminal oxidative system
is believed to be an enzymatic adaptation, as it has a protracted course,
requires the presence of amino acids and is inhibited by chloramphenicol.
The effect of streptomycin on this adaptation process was investigated.

2%
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Methods

The test organisms were E. coli B and E. coli 055.

The bacteria were grown in Knight’s semisynthetic liquid medium, containing casein
hydrolysate completed with tryptophan, and glucose in a salt mixture buffered with phos-
phate. The pH of the culture medium was 7.5. The microorganisms were cultured for 6 to
20 hours at 37° C, in standing cultures under semianaerobic conditions. The bacteria har-
vested at different intervals were washed with 0.9 per cent NaCl solution or with distilled
water and were suspended in 6.7 « 10-2M, pH 7.5 phosphate buffer. In some experiments
the concentration of the phosphate buffer was changed, in others the pH.

The oxygen uptake by the cell suspensions was measured manometrically in the Warburg
apparatus (the C02produced was absorbed by a strip of filtre paper soaked in 20 per cent
KOH). The volume of the reaction mixtures in the Warburg vessels was 3 ml. Atmospheric
air served as the gas mixture.

The substrates were used in the following concentration: pyruvic acid, 15 uM /ml;
fumaric acid, 15 pM/m|l; together with pyruvic acid, 1.5 pAf/ml); casein hydrolysate (com-
pleted with tryptophan), 0.0033—0.066 per cent; dihydrostreptomycin sulphate, 8—75 p-g/ml.
Each substrate was dissolved in the phosphate buffer and the pH was adjusted to the required
value.

The dry solids of the cells were determined nephelometrically, by comparison with an
empirically-plotted calibration curve.

The nitrogen content of the cells was estimated by the quantitative Kessler reaction
from aliquots taken from the reaction mixtures, after digestion with sulphuric acid in the
presence of a selenium catalyst, by the photometric method.

The results are given either as the Co2related to cellular nitrogen |Qo2(N)] or as the
amount of oxygen (in microlitre) consumed in 10 minutes by 3 ml of the cell suspension (in
this case the designation d02 will be used).

Results

As shown in Fig. 1 at the beginning of the experiment the terminal
oxidation of the E. coli 055 cells was slow. The oxidative activity increased
immediately following the addition of casein hydrolysate and pyruvic acid and
reached about 3.5 times the initial level in 60 minutes. It is known from other
experiments that this increase in the rate of respiration dees nottake place in
the absence of a suitable source of nitrogen. The increased activity of oxidation
cannot he explained by an increase in the number of cells, as the increase in
the cellular solids did not exceed 25 per cent at the end of the experiment. The
E. coli 055 cells used in this series were taken from a 18-hour semianaerobic
culture.

The adaptive-like development of the oxidation system was inhibited by
50 ~g/ml of dihydrostreptomycin. Inhibition was complete after about 40
minutes.

The duration of the latency period was shortened and the inhibition
could be made complete, respectively, by altering the permeability of the cells
by repeated freezing and thawing prior to the experiment.

To illustrate that under such conditions it was actually a pyruvic acid
oxidation system that developed we present Fig. 2. Cells from a 20-hour semi-
anaerobic culture had been frozen and thawed 3 times, then incubated at
37° C with shaking for 90 minutes in a mixture of pH 7.5 containing phosphate
buffer (6.7 X10-2 M), pyruvate (15 /iM/ml), fumarate (1.5 ~M/ml) and
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Fig. 1. Effect of dihydrostreptomycin on the terminal oxidation of E. coli 055

2 uptake measured by the manometric method. Cell density: 1 mg/ml cellular solids
: 0.033 per cent casein hydrolysate
: 0.033 per cent casein hydrolysate +15 pM/ml pyruvate

0
1
2
3 : 0.033 per cent casein +15 /xM/ml pyruvate + 50 p.g/ml dihydrostreptomycin

incubation
Fig. 2. Effect of dihydrostreptomycin on the terminal oxidation rate of E. coli 055.

Pretreatment of cells as specified in text. 02 uptake measured by the manometric
method

Reaction mixture: in 6.7 «10~2M pH 7.5 phosphate buffer:

15 fxM/ml pyruvic acid, 1.5 /xM/ml fumaric acid (columns 2, 4, 6)

Columns 1, 3, 5: the former +50 /xg/ml dihydrostreptomycin

Columns 1, 2 : non-incubated cells

Columns 3, 4 : cells preincubated for 90 minutes in the presence of dihydrostreptomycin
(50 fig/ml)

Columns 5, 6 : cells preincubated for 90 minutes without dihydrostreptomycin
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casein hydrolysate (0.033 per cent), with and without dihydrostreptomycin
(50 /ig/ml). After centrifugation and washing, the oxygen uptake by the cells
was measured in the presence of a mixture of pyruvate and fumarate. After
determining the nitrogen content of the cells,the results were expressed in
QO0, (N). During the 90 minutes of preincubation the activity of terminal
oxidation in the control cells increased to 2.5 times the initial; this increase
was almost completely inhibited by 50 /ig/ml of dihydrostreptomycin. The

d 0zQI]

Fig. 3. Effect of phosphate buffer concentration on streptomycin inhibition.

Oa uptake measured by the manometric method

Cell density: 0.8 mg/ml cellular solids

Reaction mixture: pH 7.5 phosphate buffer, 15 pAi/rnl pyruvate, 0.033 per cent casein
hydrolysate (curve 1)

Curves 2, 3, 4: the former +33 yug/ml of dihydrostreptomycin

Concentration of phosphate buffer:

i, 2:11+10-2M

3: 27+10-2M

4: 4310 2M

same amount of streptomycin had no significant influence on the oxygen
uptake itself.

The inhibition of the enzymatic adaptation by streptomycin was in-
fluenced by several factors, including the electrolyte concentration and pH
of the medium.

In the experiment shown in Fig. 3 the terminal oxidation of cells from
a 6-hour semianaerobic culture was measured in the presence of pyruvic acid
and casein hydrolysate, in pH 7.5 phosphate biiffers of different concentration.
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In the medium containing 1.1 x 10~2 M phosphate buffer, 33 ug/ml of de-
hydrostreptomycin inhibited the enzymatic adaptation almost instantly and
completely. With increasing phosphate concentrations complete inhibition
took more and more time. At low phosphate concentrations the antibiotic
not only interfered with adaptation, but also damaged the already functioning
oxidative system.

According to other experiments, it is the phopsphate ions in the first
place that antagonize streptomycin. Other electrolytes have a similar action,
but at higher concentrations only.

dChCpl]

20 40 60 min

Fig. 4. Action of streptomycin at different pH values. 0 2uptake measured by the manometric
method. Cell density: 0.97 mg/ml cellular solids.
Reaction mixture:
1, 3:2 «10—2M phosphate buffer,8 LL.M/ml pyruvate,0.606 per cent casein hydrolysate
2, 4: the former -{-8 /xg/ml dihydrostreptomycin
pH of the medium:
1, 2:pH 75
3, 4:pH 6.9

In the experiments shown in Fig. 4 the effect of 8 /tg/ml of dihydro-
streptomycin in a pH 7.5 phosphate buffer (2Xx 10"2 M) was compared with
that in a pH 6.9 phosphate buffer. In the slightly alkaline medium 8 /tg/ml
of dihydrostreptomycin fully inhibited the adaptive development of the ter-
minal oxidation system after a short latency, while at pH 6.9 inhibition was
only partial and did not become complete during the experiment.

The effect of streptomycin was influenced also by the time at which it
had come into contact with the cells after the onset of enzymatic adaptation.
The significance of this time factor was especially obvious at low (bacterio-
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dOzfyl]

Fig. 5. Inhibitory action of streptomycin added at various points of time.
02 uptake measured by the manometric method
Cell density: 0.8 mg/ml cellular solids

Reaction mixture:
1: 10-2 M pH 7.5 phosphate buffer, 8 fiM jml pyruvate, 0.0033 per cent casein hydro-

lysate
2, 3, 4, 5: the former +8 ju.g/ml dihydrostreptomycin added at the times indicated

by the arrows

dChtpl]

Fig. 6. Inhibitory action of streptomycin added at various points of time.

0 g uptake measured by the manometric method

Cell density: 0.5 mg/ml cellular solids

Reaction mixture:

1:10-2 M pH 7.5 phosphate buffer, 8 ijiIM/ml pyruvate, 0.066 per cent casein hydro-

lysate
2, 3, 4, 5: the former + 33 p.g/ml dihydrostreptomycin added as indicated by the

arrows
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static) concentrations. Let us compare Fig. 5 with Fig. 6 from this point of
view. In these experiments the inhibitory action of 8 /tg/ml (Fig. 5) and
33 /ig/m (Fig. 6) of streptomycin in a medium containing 10~2 M of a pH
7.5 phosphate buffer was examined on the adaptive synthesis of the terminal
oxidation system. The antibiotic was added to the reaction mixture at the
points of time indicated by arrows. Eight /ig/ml of streptomycin caused
complete inhibition only when added to the cells at the beginning of the ex-
periment, together with the substrate. When it was added after adaptation
had been progressing for some time, inhibition began after a latency of 30 to
40 minutes. The increase of activity observed until complete inhibition set

dQgCpl]

60

20 AO 60min

Fig. 7. Effect of streptomycin on the terminal oxidation of E. coli B j

0 2-uptake measured by the manometric method
Cell density: 0.5 mg/ml cellular solids
Reaction mixture: 10—2M pH 7.5 phosphate buffer containing
: 10 /NM/mIl pyruvate
: 10 /xMfml pyruvate +3.5 pM/ml fumarate
: 10 fiM/ml pyruvate +3.5 fi.M/ml fumarate +17 ju.g/ml streptomycin
: 0.066 per cent casein hydrolysate
. 0.066 per cent casein hydrolysate +10 <I//ml pyruvate
as 5. +17 p-g/ml streptomycin

o ORWN R

in depended on the length of the time between the onset of the experiment and
the adding of the antibiotic.

Higher concentrations (Fig. 6) inhibited adaptation completely in a very
short time, irrespective of the point of time at which streptomycin had been
added to the reaction mixture: after a certain time 33 /tg/m| of streptomycin
in 10-2 M phosphate buffer damaged even the terminal oxidation.

Essentially the same results were obtained for the strain E. coli B, as
illustrated by Fig. 7.
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Discussion

Our experiments refute the view that streptomycin or dihydrostrepto-
mycin (the two antibiotics act in the same way) would exert their bacterio-
static action by inhibiting the respiration of susceptible microorganisms, since
bacteriostatic concentrations of streptomycin did not inhibit in the susceptible
cells the oxidation of any of the substrates tested. Higher concentrations,
especially when tested in a medium of low ionic strength, caused a partial
inhibition of oxidation, but only after a latency of from 20 to 40 minutes.
This indicates that the damage to the oxidative enzyme system is a secondary
process, accompanying the dissociation of cell structure or the destruction of
cells.

The inhibition of oxidation should be sharply differentiated from the in-
hibition of the adaptive synthesis of the terminal oxidation system in E. coli
cells from semianaerobic cultures. This inhibition is demonstrable even before
the oxidative system has been damaged and takes place at low streptomycin
concentrations as well.

The experiments did not show clearly which enzyme or enzymes of the
extremely complex terminal oxidative system are synthesized during the adap-
tation to pyruvate. The activity of terminal oxidation in bacterial cells is
namely a most complex problem. In the increase of pyruvate oxidation a
synthesis of a specific “permease” may also be involved. An adaptive synthesis
of such permeases has been described in connection with the metabolism of
the Krebs-cycle intermediary products [14,15]. Although this possibility can-
not be ruled out, our experiments tend to indicate that a synthesis of intracel-
lular enzyme or enzymes is more likely in the adaptation process discussed.
According to our computations, the oxidation of pyruvate in cells cultured
under semianaerobic conditions reaches only the acetate stage, while in
the actively oxidizing cells breakdown is more complete, most of the
substrate being broken down to water and carbon dioxide.

The described inhibition of adaptation by streptomycin depends in the
same way on the electrolyte concentration and pH of the environment, as the
bacteriostatic action -does. This fact suggests that the tw'o phenomena are
closely interrelated.
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Il. EFFECT OF STREPTOMYCIN ON THE /5-GALACTOSIDASE SYNTHESIS
IN E. COLI B CELLS
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When added together with the inducer to the reaction mixture, bacteriostatic
concentrations of streptomycin completely inhibit the synthesis of /9-galactosidase
in E. coli B cells. When added later, streptomycin blocks the synthesis of the enzyme
only after a latency period. The duration of the latency preceding complete inhibition
and the amount of enzyme synthesized in the meantime depend on the duration of the
interval between the addition of the inducer and the addition of streptomycin. When
streptomycin is added 40 to 60 minutes after induction, the inhibition is often preceded
by a paradoxical phenomenon, a transient increase in the rate of enzyme synthesis.

In the cells inhibited by streptomycin total protein synthesis continues linearly
for a while after the addition of the antibiotic and complete inhibition results as late
as 40 to 60 minutes.

Streptomycin inhibits the synthesis of cell proteins and nucleic acids at a prac-
tically equal rate. In the period of linear growth preceding complete inhibition the
ratio nucleic acid/protein remained constant, at the level measured when adding
the streptomycin, as opposed to the exponentially-growing control cells, in which
the the ratio of nucleic acid to protein increases during the log phase.

In a previous paper [1] it was reported that bacteriostatic concentrations
of streptomycin inhibited the adaptive synthesis of the terminal oxidation
system in the cells of certain E. coli strains from semianaerobic cultures,
without interfering with cellular respiration. A detailed analysis of these
phenomena is rendered difficult by the complex structure of the synthesized
enzyme system. For this reason we studied the synthesis of an inductive
enzyme known for certain to be built up de novo of amino acids [2, 3] and the
synthesis of which in E. coliis well known. Streptomycin has been reported
to inhibit the synthesis of certain inductive enzymes [4, 9]. Fitzgerald and
Bernheim [4—7], Erdés and Tomcsanyi [8] studied the action of Strepto-
mycin onthe benzoic acid oxidase system ofvarious apathogenic Mycobacterium
strains. Peretz and Polgase [9] reported that under certain conditions
streptomycin inhibits the synthesis of /?-galactosidase.

In the present paper an account is given of the inhibition by strepto-
mycin of /3-galactosidase synthesis and of the effect of the antibiotic on the
total protein and nucleic acid synthesis in the cells.
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Methods

E. coli B was used as the test organism. The strains were cultured in Anderson’s
M9 medium [10], with the modification that glucose was replaced by the same weight of
glycerol. Culturing took place in a horizontal shaker at 30° C. Cells from 13 to 16 hour cultures,
as well as 3-hour “rejuvenated” cultures were used.

Induction of /3-galactosidase was carried out with 5 m10—3 M lactose in media contain-
ing 10-3— 5 «10—3M glycerol, 104M MgS04, and in some experiments also 5 ¢ 10—2M
NaCl as a supplement. The medium was adjusted to pH 7.5 with 2 « 102M to 6.7 « 10—2M
phosphate buffer. Incubation was carried out in a water bath of 30° C, with shaking.

Streptomycin sulphate (Pfizer Corp., Brussels, Belgium) was used in concentrations
of 12 to 30 /xg/ml.

The samples taken from the reaction mixture at various intervals were tested turbi-
dimetrically for cellular solids and the cells lysed with toluol were tested for /S-galactosidase
activity by the method of Lederberg [11]. The quantity of the enzyme synthesized is given
in units (U). One unit is the quantity of enzyme splitting off 1 mpM o-nitrophenol in one
minute at 30° C and pH 7.2.

Cellular total protein was estimated by the method of Lowry et al. [12], after boiling
for 15 minutes in 1 N NaOH solution.

Cellular nucleic acids were estimated spectrophotometrically, on the basis of absorption
at 260 mp, after suitable extraction with trichloracetic acid at 90° C.

The results were plotted either against time or were represented isometrically.

Results

In the experiments shown in Fig. 1 the /?-galactosidase synthesis of 3-hour
“rejuvenated” cells was studied, recording the inhibitory action of 20 /zg/ml of
streptomycin, added at various points of time during the induction. The upper
part of Fig. 1, shown the amounts of enzyme synthesized in 1 ml reaction
mixture, plotted against time. The lower part of the figure shows the growth
curve of the cells. The 20 /zg/ml dose of streptomycin caused an almost com-
plete inhibition of enzyme production. At the same time, the cells continued
to grow linearly for a while and complete inhibition of growth resulted only
after 60 minutes. The same dose of antibiotic, when applied 20 minutes after
induction caused complete inhibition only after 40 minutes. This inhibition
went parallel with the inhibition of grow th. When streptomycin was added 40
minutes after induction, enzyme synthesis, as compared with that of the
controls, increased. It is known from other experiments that the initial in-
crease resulting from the addition of the antibiotic is transient and is followed
by a gradually-developing inhibition. If streptomycin is applied 40 to 60
minutes after induction, a transient increase occurs but there is no such tran-
sient increase in the total protein content or in the growth of the cells.

In the experiment shown in Fig. 2, the inhibitory action of 25 /zg/ml
streptomycin was examined in media containing different concentrations of
phosphate. The inhibitory action of streptomycin added simultaneously with
the inducer was not influenced by raising the concentration of the phosphate
buffer from 2 « 10 2M to 6.7 « 10~2M. The inhibitory action of the antibiotic
applied 60 minutes after induction was again preceded by an initial increase.
The latency period preceding complete inhibition and the quantity of enzyme
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synthesized until inhibition was complete depended on the phosphate ion
concentration ofthe medium.

The experiments presented thus far show that the action of streptomycin
on the synthesis of /?-galactosidase does not run parallel with the inhibitory

Fig. 1. Inhibition of /S-galactosidase synthesis by streptomycin added at various points of time.
Reaction mixture:

1:

2:
3:
4:

pH 7.5 phosphate buffer 6.7 «10-—2M, MgS04 10~4M, NaCl 5 « 10“2M, lactose
5 ¢« 10~3M, glycerol 5 «10-3 M, casein hydrolysate 0.6 per cent

the former + streptomycin (20 pg/ml) at 0 min.

the same as in 1 -f- 20 /rg/'ml streptomycin at 20 minutes

the same as 1 + 20 ju-g/ml streptomycin at 40 min

action on growth. To clarify the conditions and relationships, we have studied
side by side the course of enzyme synthesis, total protein and total nucleic
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acid formation during induction, as well as the action of streptomycin on these
processes. Such an experiment is illustrated in Fig. 3.

In that experiment cells from 13-hour culture were used. Inhibition was
effected with 12 /rg/ml of streptomycin. In Fig. 3a the quantities of /Fgalacto-
sidase synthesized in 1 ml of the reaction mixture have been plotted against
the time elapsed from the onset of induction, The antibiotic added simulta-
neously with the inductor almost completely-blocked enzyme formation. W hen
streptomycin was added at 60 minutes, the gradually-developing inhibition

U/ml

Fig. 2. Effect of streptomycin on the synthesis of /i-galacto-ida-e at various phosphate con
centrations

Reaction mixture:

pH 7.5 phosphate buffer, MgS04 10~4 M, lactose 5 ¢« 10~3M glycerol 10~3M
Inhibition with 25 p-g/ml of streptomycin

Phosphate buffer concentrations:

1, 2, 3: 6.7 «10“2M

4,5, 6:2+10 2M

Streptomycin was applied at the points of time indicated by the arrows

was preceded by an initial increase in the rate of synthesis. In Fig. 3c the total
protein content of 1 ml of reaction mixture (curves 1, 2, 3) and the quantities
of nucleic acid in the same volume (curves la, 2a, 3a) have been plotted in the
same co-ordinate system. In the cellsinhibited by streptomycin the total protein
content was increasing linearly for atime after the addition of the antibiotic,
at the same rate as at the moment of inhibition, independent of the time at
which streptomycin had been added. At 40 to 60 minutes following the ad-
dition of the antibiotic protein synthesis ceased in the inhibited cells.

Fig 36 serves to facilitate comparison of the course of /S-galactosidase and
total protein synthesis. In this figure the total protein synthesized in 1 ml of the
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Fig. 3c

Fig. 3d

Fig. 3. a, b, c. Effect of streptomycin on the synthesis of /J-galactosidase, total protein and nucleic acids

Reaction mixture:

pH 7.5 phosphate buffer 3 «10~2M, MgS04 10-4 M,
Inhibition with 12 iig ml of streptomycin

1: control

2 : control + streptomycin at 0 min.

3: control + streptomycin at 60 min

lactose

5 ¢10“3M,

glycerol

10~s M,

casein hydrolysate 0.5 per

cent

sogavz
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reaction mixture has been plotted against the enzyme synthesized in the same
volume and during the same time (isometric representation). After a short
initial period a linear curve was obtained for the control cells. Streptomycin
added together with the inducer brought about such an inhibition that the
differential rate of enzyme synthesis became much lovrer than it was in the
controls. Thus, streptomycin added simultaneously with the inducer inhibited
the synthesis of /?-galactosidase. When the antibiotic was added to the cells
60 minutes after induction, the inhibition of total protein synthesis preceded
the inhibition of B- galactosidase synthesis. These results indicate that strepto-
mycin inhibits the synthesis of the various cell proteins to adifferent extent.

The data in Fig. 3c make it also clear that nucleic acid synthesis conti-
nues for a while after streptomycin has come into contact with the cells.
Fig. 3d shows the nucleic acid/protein quotient for the identical points. In the
exponentially-growing control cells the value of this quotient increased with
time. Under the influence of streptomycin this shift in the value ofthe quotient
did not take place: the nucleic acid/protein quotient was fixed at the level
measured when adding the antibiotic. As it has already been mentioned, this
is accompanied by the growth turning linear.

Discussion

On the basis of our experiments we do not consider streptomycin to be
a drug specifically inhibiting protein synthesis. Following the addition of
streptomycin in bacteriostatic concentrations the synthesis oftotal proteins
ceases gradually. The total inhibition of protein synthesis is preceded by a
linear phase. Essentially the same applies to the synthesis of /S-galactosidase,
if the inhibition starts after synthesis has begun.

In the cells exposed to streptomycin the resynthesis of nucleic acids
continues for a time and nucleic acid synthesis is inhibited at about the same
rate as the synthesis of protein. This observation is at variance with that made
by Anand, Davis and Armitage [14] who found that streptomycin blocked
nucleic acid synthesis. The divergence might be due to differences in the con-
centrations of the antibiotic: the authors cited applied streptomycin at a
concentration as high as 60 /ig/ml.

We therefore consider the inhibition of protein and nucleic acid synthesis
to be a secondary effect, because, according to the literature [14], streptomycin
is bound to the surface of susceptible cells at an extremely fast rate.

The inhibition of enzyme induction should be separated from that of
protein synthesis. The former process is inhibited by a short exposure to low
concentrations of streptomycin. Unfortunately, little is known of the process
ofinduction and as long as its mechanism is not clarified, it will not be possible
unequivocally to interpréte this very early streptomycin effect.
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The inhibitory actions discussed suggest a remarkable similarity between

the action of streptomycin and the effect of agents interfering with the meta-
bolism of desoxyribonucleic acids.

©CoNOUOAWN R

LITERATURE

Zabos, P.: Acta physiol, hung. In the press. ().

Hognes, D. S., Cohn, M., Monod, J.: Riochem. biophys. Acta 16, 99 (1955).

R otman, B., Spiegeeman, S.: J. Bact. 68, 419 (1954).

Fitzgerald, R.J.,Bernheim, F.: J. Bact. 54, 671 (1947).

Fitzgerald, R.J.,Bernheim, F.: J. Bact. 55, 765 (1948).

Fitzgerald, R. J.,Bernheim, F.: J. biol. Chem. 172, 845 (1948).

Fitzgerald, R. J., Bernheim, F., Fitzgerald, D. B.: J. biol. Chem. 175, 195 (1948).

Erdés, T., Tomcsanyi, A.: Acta physiol, hung. 12, 310 (1957).

Peretz, S.,, Polgase, W. J.: Antibiotics Annual 1956/57. p. 533.

Anderson, E. H.: Proc. nat. Acad. Sei. (Wash.) 32, 120 (1946).

Lederberg, J.: J. Bact. 60, 381 (1951).

Lowry, 0. H., Rosenbrough. N. J., Farr, A. L., Randall, R. J.: J. biol. Chem. 193,
265 (1951).

Monod, J., Pappenheimer, A. M., Jr., Cohen-Bazire, G.: Biochem. biophys. Acta 9,

648 (1952).
Anand, N., Davis, B. D., Armitage, A. K.: Nature (Lond.) 185, 22 (1960).

Péter Zabos

Orvostudomanyi Egyetem Orvosi Vegytanilntézete, BudapestV I11. Puskin u. 9.



Physiologia

A SEMIAUTOMATIC APPARATUS
FOR MAKING GLASS MICROELECTRODES

By
J. PORSZASZ and F. SzABO
INSTITUTE OF PHYSIOLOGY, MEDICAL UNIVERSITY, SZEGED
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A semiautomatic apparatus has been constructed for making glass capillaries
of 0.25 to 1.5 fji tip diameter from glass capillaries of different initial diameters. The
method employed is very simple and may be adopted by any laboratory. The pro-
cedures of preparation, filling and storing are described in detail.

Recording the electrical activity of a single cell has become increasingly
important in neurophysiological research, with the purpose of gaining insight
into the mechanism of nervous functions. Such investigations require the use
of microelectrodes. The tip of these glass capillaries varies from 0.5 —1 1 lest
they damage the cells. Ling and Gerard [1] were the first to use such micro-
electrodes and since then the use of glass capillaries filled with a 3 M ICQ
solution has become widespread.

At first, the electrodes were prepared by hand, as recommended by Ling
and Gerard, but this required great skill and patience. To eliminate this
difficulty, Artexander and Nastuic [2] constructed an automatic electrode
drawer. Their apparatus was rather complicated and uniform electrodes could
be prepared exclusively from glass capillaries of identical initial size. We hawe
therefore developed a method by which electrodes with almost identical tips
can be prepared from glass capillaries of various initial size.

Description of the apparatus

By means of screws, a Bunsen tripod is so adjusted that its shaft be in
the vertical position (Fig. 1). Three holders are applied on the shaft that may
be brought in any desired position. The upper holder catches the capillary, the
one in the middle holds a heatable platinum wire 1 mm in diameter, and the
lower one holds an electromagnet (12 000 windings, 2500 ohm, internal dia-
meter 16 mm). This holder system must be so set that the capillary on the
upper holder (which may swing freely in any direction) should pass exactly in
the centre of the platinum loop and the electromagnet (Fig. 2).

The platinum wire is heated by a transformer. The electromagnet is fed
from an anode battery converting AC from the mains to stabilized DC. The
wiring diagram is shown in Fig. 3.



Fig. 1. The apparatus for preparing microelectrodes

Fig. 2. Position of the glass capillary between platinum wire and
electromagnet. The metal plate bent at rectangles above the
platinum wire prevents melting of the Mendelejeff paste
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Fig. 3. Wiring diagram of the microelectrode maker apparatus

Preparation of glass capillaries

A pyrex or rasotherm glass capillary, measuring 15 cm in length and
0.8to 1.5 mm in diameter, with a wall about 0.1 mm thick, is attached to the
upper holder by means of sealing-wax, and is directed through the centre of
the platinum wire loop, and than an iron cylinder about 6 cm long and weighing
9 g is attached to its end. The bore in the cylinder is filled with sealing-wax
to hold the capillary. The iron cylinder hangs about 1.5 cm deep in the hole in
the centre of the electromagnet. The glass capillary must not deviate from its
vertical position even when the magnet is switched on. This is readily achieved
by turning the platinum loop or the magnet. Then the motionless capillary is
indirectly heated by the platinum loop. During heating the capillary gradually
lengthens by about 5 to 6 mm. Then heating is terminated and the electro-
magnet is switched on. Subsequently, the platinum loop is heated again, this
time with a lower voltage. In about 30 seconds the capillary begins to lengthen
faster and faster is response to the pulling force, until it is drawn apart into
two parts. The lower half drops through the centre of the magnet into a glass
tube which is filled with cotton wool to prevent breaking of the capillary. The
capillary is separated from the iron cylinder by melting the sealing wax and
is examined under the microscope. It is fit for use and has sufficient strength
if the original 1.5 mm diameter is tapering offto 0.5—1 u in a length of about
I cm ,thinning from 25 [ito 1y within a length ofabout 1 mm. W ith capillaries
of different initial thickness it is advisable to change not the pulling force, but
the grade of heating when the electrode is pulled. In our experiments 9.5 to
Il A was required to heat the platinum wire. With little practice 3 or 4 suitable
glass electrodes can be prepared from a 15 cm long capillary. There is no dif-
ference between rasotherm and pyrex capillaries.
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Filling of the capillaries

The capillaries are filled with 3 M KC1 by the somewhat modified method
of Ling and Gerard [1]. The 3to 4 cm long capillaries are placed close to one
another on a heat-resistant glass tube measuring 1.5 cm in diameter, and are
held in place with their tip downward by means of a rubber ring. This is fol-
lowed by boilingin a2.5 M KC1 solution. Boiling is continued until no bubbles
leave the capillaries any longer. Meanwhile (in about 20 to 30 minutes) the
concentration of the KC1 solution increases to 3 M. When the capillaries begin
to cool they are filled up with the solution. A China filtre is used to make
boiling even. During boiling the dish should be covered. We have found this
method suitable for filling capillaries with tips measuring 0.25 to 2 u.

Capillaries thicker than that will fill spontaneously by capillarity. Filling
takes place especially fast when use a tuberculin syringe with a No. 20 cannula.
This way the filling by capillarity is restricted to length of about 3 mm, and is
complete in 2 or 3 minutes.

Storage of electrodes

The electrodes are stored usually in the dry state; filled electrodes are
stored in a closed exsiccator containing 3 M KC1 solution. We have devised a
plexiglass holder for this purpose. Two plexiglass discs 6 cm in diameter and
5 mm thick each are held together by a 6 cm long shaft in the centre, at a
distance of about 5 mm. The lower disc is absolutely smooth, in the upper one
there are 2 mm bores, 3 to 4 mm from one another, in concentrical order; the
capillaries are placed in these bores. The discs are then submerged in 3 M KC1,
so that the tip of the capillaries should emerge from the solution. Before use,
the electrodes are cleaned with distilled water or physiologic saline.
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ADRENOCORTICAL FUNCTION IN THE RAT
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Tile adrenal venous blood of the rat contains the following corticoids: 6-a-
hydrocortisol, aldosterone, a non-identified steroid showing a positive sodium fluor-
escence but not giving the tétrazolium reaction, corticosterone, 11-dehydrocortico-
sterone, d4-adrostene-11-0[-3,17-dione and /l4-androstene-3,17-dione. By the sensitive
tetrasolium reduction method the authors determined the corticoid content of the
adrenal venous blood obtained from each animal in 12-minute periods, as well as
the aldosterone secretion from the pooled adrenal venous bloods obtained from several
animals.

In recent years the rat’s adrenocortical function has been studied exten-
sively and it has become clear that in that species the adrenal cortex secretes
mainly corticosterone [1, 2, 3]. Some authors mentioned the presence of hydro -
cortisone, but these claims could not be corroborated [4, 3]. Moreover, 11-de-
hydrocorticosterone, a polar corticoid of unknown structure, as well as andro-
stenedione have been described to occur in the adrenal venous blood of the
rat [2]. The presence of aldosterone was first observed by Singer and Stack-
Dunne [4].

In the present paper the corticoid pattern of the rat’s adrenal venous
blood and its quantitative determination are described.

Methods

Eighty albino rats from the same stock, of either sex, weighing approximately 150 to
220 g each, were used. Blood from the left adrenal vein was collected under hexobarbital
sodium anaesthesia (10 mg/100 g body weight intraperitoneally), by means of a glass cannula
connected with a polyethylene tube. Prior to the insertion of the cannula 5.0 mg/100 g body
weight heparin in 1.0 ml physiologic saline had been injected intravenously. During the 60-
minute blood collection periods the temperature of the animals was maintained.

Adrenal venous blood was extracted with ether and ethyl acetate, as already described
[5]. Haemolysis was brought about with distilled water, then after uniting the 4 : 1 mixture
of ether-ethyl acetate of twice the same volume the organic phase was washed with JV/10
Na2C03 and with Yevolume of distilled water, respectively. The residue obtained in vacuum
was partitioned between benzene and 70 per cent ethanol, then the residue of the alcoholic
phase was dissolved in 1.0 ml ethyl acetate.

Paper chromatographic separation. A complete separation of all of the corticoids required
the use of two methods. The steroids less polar than hydrocortisone were separated in a
benzene-formamide system [6], while those of higher polarity (including aldosterone) were
separated and assayed quantitatively in a modified Bush B5 system (benzene-methanol-
water 14 : 6 :5). With the formamide-benzene impregnation method the specimens were
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run 4 hours with no previous exposure. In the benzene-methanol-water system, after equi-
libration for 8 hours, the running time changed according to the actual purpose. The quanti-
tative determination of corticosterone requires 4 hours of running, while the separation of
aldosterone, or the observation of compounds more polar than hydrocortisone needs 16 hours
of running. In this case the solvent dripping off and containing the steroids less polar than
cortisone was taken up in china or glass dishes of 10 to 12 ml capacity.

The paper used was Schleicher-Schiill 2043 b, previously washed for days in ethyl-
acetate and ethanol. With the impregnation method 2 cm wide, with the benzene-methanolic
water system 4 cm wide and 52 cm long strips were used.

The steroids dissolved in a small volume were applied by the usual 0.01 ml micro-
pipette. Considering that for the determination of aldosterone, and for the demonstration of
steroids present in traces extracts from several animals had to be pooled, the steroid extract
dissolved in 1—2 ml of the solvent (as a reduction of volume without loss is difficult) was
applied by prechromatography (Bush [7]). The procedure, as modified by us, was as follows.
Eight cm from one end of the 4 cm wide paper strip the start line is marked and 0.2 or 0.3
of the test material is dropped on that area, taking care lest the solvent reach the end of the
paper or the start line. The ethylacetate evaporates rapidly on the large surface; its evapo-
ration may be accelerated by a stream of hot air. Subsequently the start line ends of the strips
are dipped into a dish containing a 1 to 2 mm thick layer of ethyl acetate. The corticoids
migrate in the front line of the ascending solvent; this is continued until the front line has
reached the previously marked start line. Prechromatography experiments with standard
corticoids showed that all corticoids were to be found in a few mm wide zone corresponding
to the front line. The procedure takes 1 to 11/» hours to perform.

Quantitative assay of aldosterone and corticosterone

Aldosterone was determined by running for 16 hours in a benzene-methanol-water
system. In this case the aldosterone was found between hydrocortisone and cortisone 0.5
Rf Cpd F—E. The distance between hydrocortisone and cortisone varied from 12 to 16 cm.

Fig. 1. Diagrammatic representation of the micro-elution apparatus,

guiding paper strip, 2 : paper-clip, 3 : paper strip to be eluted, 4 : rack, 5 : Wassermann-
tube, 6 : glass cover, 7 : absolute ethanol, 8 : glass tube, 9 : glass dish

The zone 3 cm upward and 3 cm downward from the Rf corresponding to aldosterone was
cut out and assayed by the microtetrazolium method after microelution, as described
later. A similar procedure was used for the quantitative determination of corticosterone,
after 4 hours of running. In both cases the Rf was determined on the basis of free aldos-
terone and corticosterone, respectively.

Microelution of corticoids. The elution of steroids from the paper chromatograms by
the usual methods requires a considerable volume of solvent,is time-consuming and causes
a loss of steroids. Moreover, for quantitative assay with this method the small amount of
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steroid must be dissolved in a large volume of solvent. On the other hand, the microelution
method makes it possible to elute the separated steroids in 0.3 to 0.5 ml of solvent.

Elution is effected in ethanol atmosphere, into reagent tubes measuring 12x0.5 cm.
The apparatus used is shown in Fig. 1. The strip cut from the paper chromatogram is attached
by means of a paper-clip to a so-called guiding paper 6 to 8 cm long and of the same width,
3 or 4 cm of which is placed into the dish filled with ethanol. Like in descending chromato-
graphy, the ethanol reaches the paper strip used for elution, then, concentrating the steroid
on the paper in the front line, collects it into the reagent tube. Elution is complete in the first
2 or 3 drops of ethanol already; we usually end the experiment after 0.5 ml of the eluate has
collected. The process of elution may be followed up by the use of a paper strip on which
one drop of 1 per cent Sudan Ill solution in alcohol has been placed. W ith ethanolic elution
hydrocortisone, cortisone, corticosterone and aldosterone behaved in the same way and 0.5 ml
of the ethanolic eluate contained all of the steroids. (Fig. 1.) Tétrazolium blue assay of small
quantities ofcorticoid. For the tétrazolium blue reduction micromethod, the standard steroids
are diluted in 1.5 ml of absolute ethanol, in the concentration range of from 0.5 to 5.0 /xg.
Subsequently, 2.0 ml CHC13, 0.2 ml of 0.25 per cent tétrazolium blue in ethanol and 0.1 ml
NaOH are added to the tubes. The alkali reagent contains 8 g of NaOH dissolved in 100 ml
of distilled water and 200 ml of absolute ethanol, added after dissolution. The solution should
be freshly prepared every fortnight. Six minutes after adding the alkali photometric deter-
mination is done at 520 mp,, in a 5cm curvette. The calibration values related to hydrocor-
tisone are presented in Table I.

Table |
Hydrocortisone .
in jUg/3.8 ml Optical density at 520 mL|
solution
1.0 0.150 0.150 0.160
2.0 0.290 0.300 0.320
3.0 0.460 0.450 0.470
4.0 0.610 0.600 0.620
5.0 0.770 0.760 0.750
Results

Corticoids in adrenal venous blood. To demonstrate presence of steroids
secreted in traces by the adrenal cortex, extracts of the adrenal venous blood
collected of 60 minutes from at least 6 animals had to be pooled. The pooled
extracts were chromatographed partly in formamide-benzene, partly in ben-
zene-methanol-water. The corticoids separated in the two systems were de-
monstrated by tétrazolium blue reduction, sodium fluorescence and the m-di-
nitrobenzene reaction. ldentification, taking into consideration the Ry values
of the standard compounds, was tentative. The pooled extracts of adrenal
venous blood from at least six animals were shown to contain the following
steroids:
6-a-hydroxycortisol
aldosterone
compound X, not identified
corticosterone

Hw e
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5. 11-dehydrocorticosterone
6. zl4-androstene-Il-0l-3,17-dione
7. M4-androstene-3,17-dione
The chromatographic behaviour of the single compounds is shown in
Fig. 2. 6-hydroxicortisol and aldosterone were present in the smallest quan-
tities, while the main compounds were compound X and corticosterone. Both
can be assayed quantitatively in adrenal venous blood collected for 12 minutes.

Fig. 2. Diagrammatic representation of the corticoid pattern in the rat’s adrenal venous
blood after separation by paper chromatography.

A : formamide—benzene system, 1: Cpd X, 2: corticosterone, 3: 11-dehydrocorticosterone
4 : zl4-androstene-ll-0l-3,17-dione, 5 : zl4-androstene-3,17-dione
B : benzene—methanol—water system, 1: 6-a-hydroxy-cortisol, 2: standard hydrocorti-
sone, 3 : aldosterone, 4 : standard cortisone

Tétrazolium blue reduction and sodium fluorescence were observed
simultaneously only in the case of 6-hydroxicortisol, aldosterone, cortico-
sterone and 11-dehydrocorticosterone. The unidentified compound X did not
reduce tétrazolium, but gave a positive sodium fluorescence test. In the range
of from 10 to 20 /tg, compound X showed no m-dinitrobenzene reaction. The
17-ketosteroids were positive by both the alkali fluorescence and m-dinitro-
benzene tests.

Compound X is always present in adrenal venous blood and can comple-
tely be separated from corticosterone only in the formamide—benzene system.
In the benzene—methanol—water system compound X moves but slightly slo-
wer than corticosterone so that it cannot be perfectly separated from the
latter (Fig. 2).

Quantitative distribution of corticoids in adrenal venous blood

As the data in Table Il indicate, corticosterone and compound X were
present in the largest quantities, as computed for 100 g of body weight and
per hour. The 17-ketosteroids and 11-dehydrocorticosterone could also be
evaluated quantitatively for single animals. To determine the quantities of
aldosterone and 6-hydroxycortisol adrenal venous blood had to be collected
for 60 minutes and the bloods from several animals had to be pooled.
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Table 1l

Amount of corticosteroids in adrenal venous blood
//g/100 g body weight/hour

Corticosterone (25) 6.1
Compound X (25) 3.05
11-dehydrocorticosterone (12) 1 to 3 jug
d4-androstene-3,17-dione on several occasions
1to 5 Wy
Z4-androstene-11-0l-3,17-dione in several tests
1to 5 jug
6-u-hydroxycortisol less than 0.5 dg
Aldosterone (15) /tg/kg/hour 0.87

Corticosterone and compound X obtained from the adrenal venous blood
of single animals were determined by the sodium fluorescence and tétrazolium
reduction tests in the following way. 0.1 ml of the extract dissolved in 1.0 ml
ethyl acetate was chromatographed, partly in formamide—benzene and partly in
benzene—methanol—water. In the first system the sodium fluorescence method,
in the other the tétrazolium blue reaction was used, the latter after micro-
elution. Repeated trials showed the results obtained with the two solvent
systems and by the two methods to be in satisfactory agreement.

Table 111

Corticosterone content of adrenal venous blood
//g/100 g body weight/hour

No- Sodium fluorescence Tétrazolium blue
test reaction
I 145 12.5
2 13.0 12.5
3 11.8 10.0
4 16.8 15.5
5 13.6 12.5

Considering that aldosterone was presentin small quantities, the extracts
of adrenal venous blood collected for 60 minutes from 15 rats were pooled.
The extract was chromatographed in benzene—methanol—water for 16 hours,
then the 6 cm area corresponding to the place of aldosterone was eluted and
the aldosterone was determined by the tétrazolium blue reaction. During the
16 hours of chromatography the corticosterone and the solvent had been
dripping into the dishes under the strips (2 to 3 ml); after suitable dilution with
ethanol, the corticosterone content was determined after repeated running.
Table Il shows the secretion values for aldosterone, in jWg/kg body weight/hour.
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Discussion

It has been found that rats under hexobarbital anaesthesia secreted
determinable quantities of adrenal cortical hormones even when blood was
collected in 10 to 15 minute periods. Unlike in most mammals, the adrenal
venous blood of the rat does not contain hydrocortisone, but the animal is
capable of secreting 6-a-hydroxycortisol in minute amounts. A non-identified
steroid is present in considerable quantities; its concentration may attain that
of corticosterone.

We found aldosterone secretion to be less than that reported by Singer
and Stack-Dunne [4] and we were unable to find evidence of hydrocortisone
secretion. Differences between the strains of rats may be responsible for this
divergence in results.

As it has been observed earlier [5], less corticoid is secreted under general
anaesthesia than in the normal state, without surgical intervention. Similarly,
the corticoids in adrenal venous blood can be related qualitatively to the resting
state. Certain specific stressor effects, the action of other peripheral endocrine
organs on the pituitary—adrenocortical system may alter the corticoid pattern
and in the adrenal venous blood of the rat steroids may appear which do not
occur under normal conditions. For example, hydrocortisone secretion was
demonstrable in rats following the administration of calf hypophysis extract,
but not after treatment with purified ACTH preparation [8]. Similar obser-
vations have been made in other species as well, and the phenomenon has been
suggested to involve changes in the enzyme system of the adrenal cortex.
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Albino rats were made to swim in water of different temperatures to study the
effect of complete exhaustion on the corticoid pattern of the adrenal venous blood and
on the hormone synthesis by adrenal tissue incubated in vitro. At the optimum water
temperature swimming had practically no effect on the corticosterone content, while
swimming in water of 18°C caused its reduction. On the other hand, the aldosterone
content increased markedly on swimming at 30°C, 18°C and 43°C, and was the
highest at the low environmental temperature. Compound X, invariably present in
adrenal venous blood, behaved like corticosterone. Corticosterone synthesis in vitro
was increased even when the adrenal venous blood value did not change or decreased.

Rats in hypo- or hyperthermia have been found to show much poorer
performance than at an optimal environmental temperature [1, 2]. These ob-
servations revealed that over a certain critical temperature ACTH was no
longer capable of influencing performance, presumably in consequence of an
insufficiency of adrenocortical synthesis.

In this paper experiments are described, in which rats were made to
swim in water at different temperatures, in order to determine the effect of
swimming on corticoid secretion.

Methods

A total of 60 albino rats of either sex, weighing 150 to 180 g each, in groups of 15 each,
were used. The collection of adrenal venous blood, the estimation of corticoids and aldosterone
have been described in detail [3]. The animals were forced to swim in a 45 cm deep vessel
holding 50 litres. The temperature of the water was 30°, 18° and 43°C, respectively, with a
maximum variation of £0.5°C. The animals were subjected to study within 70 minutes
after swimming. Hexobarbital sodium (10 mg/100 g body weight) intraperitoneally was used
for anaesthesia. Blood clotting was prevented by injecting heparin (5 mg/100 g body weight,
1mg 84 U.) into the saphenous vein.

After collecting adrenal venous blood for 60 minutes, the adrenals were removed,
weighed and incubated under constant oxygenation for 120 minutes, in a medium containing
for every 100 mg adrenal tissue 6 ml of Tyrode’s solution, nicotinic acid amide 20 mg, dextrose
6 mg, ATP 2 mg and ACTH (Organon, Oss, Holland) 4 I. U. Afterincubation the solution was
centrifuged, then both the supernatant and the tissue were extracted with ether-ethyl acetate,
4 :1 (using an equal volume with the fluid and 20 volumes with the tissue). The solvents
were pooled and prepared for corticoid extraction paper chromatography [3].

The duration of swimming from start until complete exhaustion, and the rectal tem-
perature were recorded.
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Results
Adrenocortical activity after swimming at 30°C

The duration of swimming at 30°C was 108 minutes; during this time
rectal temperature decreased to 30.970. There was no difference from the
contrdles in the corticosterone level of adrenal venous blood, but the cortico-
sterone synthesis of the adrenal tissue increased by 405 per cent. Compound X,
a substance always present in the adrenal venous blood of rats and which does
not give the tétrazolium blue reaction but can be determined on the basis of
.sodium fluorescence [3], differed in behaviour from corticosterone. Its level in
adrenal venous blood decreased by 40 per cent during swimming, but the
adrenal tissue synthesized more of it. It is noteworthy that only traces of
compound X occurred in the normal rats which did not swim.

The level of aldosterone in adrenal venous blood was slightly increased
after swimming at 30°C. At the same time, aldosterone synthesis in the
adrenal tissue increased by 44 per cent.

These results are presented in Table I.

Table |
Swimmin Percentage
Control at 30"Cg changeg
Number of rats 15 15 -
Body weight, g 153 146 —4.5
Adrenal weight, mg/100 ¢ 21.7 23.3 + 7.0
Duration of swimming, minutes - 108 —
Rectal temperature after swimming, °C 37.4 30.9 —17.0
Steroid level of adrenal venous blood, /rg/100 g/hour
Corticosterone 6.1 6.38 +4.5
Compound X 3.05 1.82 —40.3
Aldosterone, /tg/kg/hour 0.87 1.05 +20.7
Steroid content of the incubated adrenal tissue, /(.g/g
Corticosterone 20.0 101.0 + 405
Compound X - 195.0 —
Aldosterone 3.6 5.2 + 44
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Adrenocortical activity after swimming at 18° C

The corticosterone content of adrenal venous blood decreased by 34 per
cent. At the same time corticosterone synthesis increased by 610 per cent.
A significant decrease took place in the secretion of compound X, while the
adrenal tissue it was synthesized in considerable quantities. Unlike after swim-
ming at 30°C, aldosterone secretion increased by 360 per cent, and asimilarly
significant increase was observed in aldosterone synthesis.

Table 11
Swimmin Percentage
Controls at 18°C° changeg
Number of rats 15 15 —
Body weight, g 153 149 -2.6
Adrenal weight, mg/100 ¢ 21.7 26.4 + 21.6
Duration of swimming, minutes - 9 -
Rectal temperature after swimming, °C 37.4 21.5 -42.5
Steroid level of adrenal venous blood, /rg/100 g/hour
Corticosterone 6.1 4.0 -34.4
Compound X 3.05 1.34 -56.0
Aldosterone, /xg/kg/hour 0.87 4.0 + 360.0
Steroid content of incubated adrenal tissue, ug/g
Corticosterone 20.0 142.0 + 610.0
Compound X — 44.0 —
Aldosterone 3.6 4.8 + 33.0

In agreement with our earlier results [1, 2] the animals could swim at 18°C
for much less time than at the optimum temperature. The rectal temperature
was 21.5°C.

Adrenocortical activity after swimming at 43°C

After swimming in water of 43°C, corticosterone secretion increased
slightly, while there was a significant increase in corticosterone synthesis. The
secretion of compound X became less, while its synthesis by adrenal tissue, like
in the controls, was not observable. Aldosterone secretion increased signifi-
cantly, while aldosterone was practically unchanged.

4 Acta Physiologica XVIII/2.
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Number of rats

Body weight, g

Adrenal weight, mg/100 g
Duration of swimming, minutes

Rectal temperature after swimming, °C

Table 111

Steroid level of adrenal venous blood, /xg/lOO g/hour

Corticosterone
Compound X
Aldosterone, /xg/kg/hour

Steroid content of incubated adrenal tissue, jttg/g

Corticosterone
Compound X

Aldosterone

Controls

15
153
21.7

37.4

6.1
3.05
0.87

20.0

3.6

Swimming
at 43°C

15
161
25.0
10.0
41.6

7.43
1.24
2.77

99.0

3.14

Percentage
change

+6

+ 15.2

+ 11.0

+ 218
—56.0
+ 218.0

+ 395.0

-13.0

At43°€ swimming lasted 10 minutes as our earlier experiments [1, 2]-
Rectal temperature rose to 41.6°C.
The duration of swimming at the different temperatures, the data for
adrenocortical activity for the single groups and the values for rectal tem-
perature are presented in Table IV.

Rectal Adrenal venous blood

temperature  Duration

Group sw?r;tr%ring Ornsl\%m I
g(t: minutes  j cpd B
Control 374 — 6.1
18°C 21.5 9 4.0
30°C 30.9 108 6.38
43°C 41.6 10 7.43

*In jtig/kg/hour.

Table IV

corticoid level,
g/100 g/hour

Cpd X Aldosterone*

3.05
1.34
1.82
1.24

Discussion

0.87
4.0

1.05
2.77

_ Steroid content of
incubated adrenal tissue,

mis
Cpd 8 Cpd X
1
20.0 -
142.0 44.0
101.0 195.0
99.0 —

! Aldosterone

4.8
5.2
3.14

Swimming at extreme temperatures represents a great strain for the
organism. This was well reflected by the duration of swimming at 30J C. The
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marked reduction in the duration of swimming may be traced back to complex
vegetative and metabolic disturbances, as suggested by our earlier finding
[2] that swimming at 18° C and at 43" Csignificantly reduced the rate of oxi-
dative processes. The present experiments have shown that after swimming in
cold water corticosterone secretion decreases, although in vitro the adrenal
tissue synthesized more corticosterone than did the adrenal tissue from the
control rats. The same applied to compound X, an unidentified steroid. In
contrast with this, aldosterone secretion definitely increased, indicating that
the two kinds of corticoid are synthesized by independent mechanisms, or
that their synthesis is not controlled by the same regulation. The diminution
of hydrocortisone and corticosterone secretion in hypothermia, without
work, was demonstrated long ago, although those experiments on dogs
supplied no information as regards aldosterone secretion [4]. What may
then explain the paradoxical reaction in the adrenocortical secretion?
It may be assumed that in a cold environment the ACTH secretion by the
anterior pituitary does not become activated, while the factors influencing
aldosterone synthesis take effect. In recent years detailed reports have been
published claiming that a “glomerulotrophic factor” — and not ACTH —
played a role in the maintenance of aldosterone synthesis and secretion [5, 6].
On the other hand, it may be also suggested that at low body temperature the
kinetics of adrenal enzymes have been so changed that corticosterone synthesis
is inhibited, but the synthesis of aldosterone is not interfered with. The fact
confirmed from many sides that corticosterone is the direct precursor of aldo-
sterone, seems, however, to discredit that view [5, 7]. Very probably, the
changes in corticosterone and aldosterone secretion are not due to changes
in the metabolism of adrenal tissue, but rather to a disturbance in its regu-
lation. This, however, still needs confirmation.

At high environmental temperatures aldosterone secretion increased,
while the secretion of corticosterone remained practically unchanged, confirm -
ing our earlier observation that hyperthermia enhances aldosterone secretion
without affecting corticosterone secretion [8]. Once again, this duplicity of
glycocorticoid and mineralocorticoid secretion calls attention to the duplicity
of the control mechanism of adrenocortical function. It is questionable, how far
the significant differences between corticoid secretion and corticoid synthesis
reflect the physiological state. At any rate, the increased synthesis after
swimming at low and high temperatures indicates that in vitro the activity of
the enzyme system was stronger than in the controls. The medium in which
synthesis took place provided optimum conditions in both the control and the
exhausted animals. The ultimate increase in the synthesis of both aldosterone
and corticosterone suggests that factors at present unknown seem to be in-
volved in the control of adrenocortical activity.

4*
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CONDITIONED AND UNCONDITIONED CEREBRAL
CORTICAL ACTIVATION TO RENAL PELVIC
STIMULATION

By
G.AdAM and I. MESZAROS

INSTITUTE OF PHYSIOLOGY, MEDICAL UNIVERSITY, BUDAPEST
(Received June 9, 1960)

In chronic experiments in female dogs with implanted cortical electrodes and
unilateral ureteric fistula the weak mechanical stimulation of the renal pelvis caused
cerebral electrical activation (orientation reaction). This electrical desynchronization
could be extinguished. After lasting extinction a conditioned interoceptive electrical
activation could be elicited by combining the renal stimulus with some (auditory or
dermal) exteroceptive stimulus.

In a previous paper [1] the changes in cerebral electrical activity in
response to intestinal stimulation have been analysed. It has been shown that
in chronic experiments the rhythmic, physiologic small intestinal stimulus, as
applied for the first time, activates the resting cerebral electrical activity in
the dog. This fast electrical activity is extinguished on the repetition of the
interoceptive stimulation, or appears in the form of a conditioned intestinal
arousal reflex when associated with some auditory or dermal stimulus which
by itself elicits arousal.

We now undertook to investigate whether the resting cerebral electrical
activity would be desynchronized by a physiological stimulation of the renal
pelvis and whether such a pelvic stimulus may he a starting point of a con-
ditioned electrographic change.

Methods

Chronic experiments were performed in female dogs with left ureteric fistula and
with stainless steel electrodes inserted through the skull to reach the dura. The experiments
were conducted in sound-proof and electrically screened chambers. Prior to applying the
stimuli the animals had been allowed time to become accustomed to the environment to extin-
guish the environmental investigatory reflexes, and were fed before every trial. In this way
resting cerebral electrical activity and complete motor inactivity set in soon.

By means of a special device described elsewhere [2], rhythmic pressure was exerted
on the wall of the left renal pelvis. The duration of stimulation was 10 see.

Various sounds and weak electrical stimulation of the skin of the forelimb served as
the exteroceptive stimuli eliciting cerebral electrical activation.

An 8-channel BOM EEG apparatus was used and the animals were kept under visual
control as well. The size of the responses was measured on the basis of the duration of desyn-
chronization. A total of 34 experiments was made in 5 dogs.
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Results
A) Unconditioned renal pelvic arousal reaction

When the renal pelvis was rhythmically dilated for the first time, the
high amplitude, slow EEG activity changed into a lower-amplitude, fast one
(Fig. 1, 1). The animal sometimes exhibited a motor reaction. This arousal
reaction gradually disappeared on repeating the stimulation (habituation)
(Fig. 1, 2), the orientation reflex had become extinguished.

BJ Conditioned renal pelvic arousal reaction

In the next phase the interoceptive stimulus was repeatedly applied
until extinction had become permanent. After this had been achieved, no
cerebral cortical activation was elicited by the first pelvic stimulation. Then
we began to elaborate the conditioned reflex in this state of permanent ex-
tinction. The pelvic stimulus was therefore applied in combination with a
strong auditory or dermal stimulus which caused by itself a marked cortical de-
synchronization (Fig. 1, 3). After 2 or 3 reinforcements the pelvic stimulus
alone evoked cerebral electrical activation. Considering that this reaction was
extinguished when the interoceptive renal stimulus was applied repeatedly
without reinforcement, then reappeared again after repeated trials with rein-
forcement, it may be accepted as being a regtdar conditioned arousal reaction
(Fig. 1, 4).

This was proved also by the so-called disinhibition test. If before con-
ditioning, but after the permanent extinction of the interoceptive arousal we
apply the sound or the dermal stimulus alone and the renal pelvic stimulus
again after the resting activity has set in, there will be two possibilities, viz.
(i) the extinguished interoceptive arousal has been disinhibited by the sound
stimulus and the subsequently applied pelvic stimulus once again elicits de-
synchronization, or (ii) the auditory stimulus alone does not promote the de-
synchronization by the subsequently applied renal stimulus, but associated
with the renal stimulus makes it possible that later the interoceptive
stimulus alone be capable of eliciting the arousal reflex on a conditioned
basis. Our experiments have borne out this latter assumption. As seen in Fig.
2, A, the renal stimulus applied after the auditory one did not arouse the
animal, but when this auditory stimulus was applied a few times in combina-
tion with the renal one, the interoceptive arousal took place on a condi-
tioned basis (Fig. 2, B).

Discussion

In general, the orientation reflex is considered to be the primary reaction
in the conditioned reflex connexion. The nature of this primary response in
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Fig, 2. Schematic representation of a disinhibition (A) and conditioned reflex experiment (B).
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the conditioned reactions of interoceptive origin is wholly unknown. In the
form of cerebral electrical activation we have succeeded in following up this
elementary response. According to the evidence obtained, the weak mechanical
stimulation of the renal pelvis desynchronizes the resting cerebral activity.
This fact isremarkable, it being known that under physiological conditions we
do not feel such weak mechanical stimuli in the viscera, they do not become
conscious. At the same time it is also known that stimuli similar to those
employed by us may elicit conditioned alimentary and defensive reflexes if
applied according to the Pavlovian principles [3, 4, 5]. This contradiction
merits further elucidation. It is possible on the one hand the “threshold”
stimuli applied under our experimental conditions do not occur physiologi-
cally. On the other hand, “unconscious” conditioned connexions may also
exist. Our studies in man, in which to rectal stimuli an inhibition of the alpha-
rhythm was developed independent from consciousness, seem to corroborate
this view [6].

The second conclusion that may be drawn is that an exteroceptive orien-
tation reflex may be conditioned to an interoceptive stimulus.

Essentially, we have combined in our experiments two stimuli eliciting
orientation reaction. This confirms the view that a conditioned reflex invari-
ably arises from a combination of two unconditioned reactions. In our studies
we developed the conditioned response by weakening one of the stimuli (the
interoceptive one) so that the orientation reaction to it was extinguished by
applying it previously several times. Thus it has become a “neutral” stimulus;,
therefore this evidence may be interpreted also as proving that if we combine
two unconditioned reflexes, the direction of the temporary connexion formed
will be from the weaker toward the stronger. In other words, the efferent branch
of the reflex will be the biologically stronger effect, i. e. that elicited by the
reinforcing stimulus (in our case the auditory or dermal stimulus), as it has
been proved by the Pavlovian school by the classic alimentary and defensive
methods.
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In dogs with implanted cortical and mesencephalic electrodes and intestinal
fistula the mechanical stimulation of the small intestine was associated with the direct
electrical stimulation of the mesencephalic reticular activation system. This combi-
nation of stimuli made it possible to elicit conditioned cerebral electrical activation
by the interoceptive stimulus. The evidence obtained indicates that the arousal reac-
tion of mesencephalic character may be conditioned and consequently the conditioned
cerebral electrical activation starting from the visceral receptor area is probably travell-
ing through the mesencephalic nonspecific reticular system.

In the conditioned refitx connexion the fundamental mechanism is con-
sidered to be the orientation reflex described by Paviov [1], in the develop-
ment of which the activation system of the brain stem, described by Moruzzi
and Magoun [2], is presumed to play a role.

In previous experiments [3, 4] it has been found that the orientation
reaction in response to interoceptive stimulation was objectively demonstrable
in the activation of the resting cerebral electrical activity and that such an
electrical activation induced by visceral stimulation may be conditioned.
Starting out from this observation, in the present experiments we have under-
taken to determine whether the unconditioned and conditioned interoceptive
cerebral electrical activation would also be connected through the mesencephal-
ic reticular system. We have therefore elaborated such a conditioned arousal
reflex by reinforcing visceral stimuli with the direct electrical stimulation of
the mesencephalic reticular formation.

Methods

In 11 femah dogs a Thiry-Vella type small intestinal fistula was prepared, stainless
steel electrodes were Implanted into the skull and also bipolar nichrome electrodes into the
mesencephalic reticular formation, by means of the stereotaxic technique. The method was
previously checked in 30 dogs of about the same weight, to determine by subsequent mor-
phological control the size of variations resulting from differences in the configuration of the
head.

The experiments were performed in a sound-proof, electrically screened conditioned
reflex chamber. Rhythmic dilatation at a rate of 30/min of the mucosa of the isolated intesti-
nal area was employed as the interoceptive stimulus. The size of the stretching effect was
measured by a manometer in the stimulator pneumatic system and the smallest pressure just
eliciting the expected cerebral electrical activation (threshold) was used. The mesencephalic
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reticular formation was stimulated by rectangular impulses (frequency 300/sec, duration
1 msec, voltage 1.5 to 3 ¥). The position of the deep electrodes was subsequently controlled
by morphological study in every case (Fig. 1).

Before the experiments the animals were allowed time to get accustomed to the cham-
ber and were fed prior to every test. Thereby the environmental orientation reaction was
extinguished and thus the resting cerebral electrical activity representing the starting point
set in easier, as manifested in motor inactivity. The size of the response was assessed on the

Fig. 1. Histological section from the brain stem of dog Tarka. Position of deep electrodes
(arrow) in the mesencephalon. In the left corner the position of the tips of the electrodés as
found in 11 dogs is represented diagrammatically

basis of the duration of the desynchronization of the resting activity. A BOM 8-channel EEG
apparatus was used. The number of experiments totalled 68.

Results

The mechanical intestinal stimulus, applied in the state of resting,
slow cerebral electrical activity elicited a fast, low-amplitude activity, just as
in the previous experiments [3, 4]. The duration of this desynchronization de-
creased gradually, then ceased altogether (habituation) after applying the
visceral stimulus 4 to 10 times. The extinction procedure was continued in
several experiments until in the course of a given experiment the first intestinal
stimulus had no influence on the resting cerebral electrical activity.
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Eig. 2. Dog “Farkas”. Elaboration of conditioned intestinal electrographic reflex in four

steps, i. (R. orient.) arousal reaction to intestinal stimulus. 2. (Extinc.) extinction of reaction

after having been applied a few times. 3. (Assoc.) association of intestinal with direct electri-

cal reticular stimulation. 4. (R. cond.) the intestinal stimulus applied by itself elicits a condi-
tioned arousal reflex
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In this period of lasting extinction the intestinal stimulus lasting 10
seconds was reinforced during the last 2 or 3 seconds by a direct eletrical sti-
mulation of the reticular formation, known by itselfto cause an intense arousal
reaction. When applied after such a reinforcement, the visceral stimulus by
itself once again became capable to desynchronize the resting electrical activity
(Fig. 2), just as it happened in our experiments in which auditory or dermal
stimuli were used as the reinforcement [3, 4]. It was remarkable that while in
these our previous experiments the reinforcement had to be applied 3 to 4
times to elicit such an interoceptive conditioned arousal reaction, this time
a single reinforcement by the direct stimulation of the reticular structures
sufficed to enable the intestinal stimulus alone, as a conditioned stimulus,
to elicit the typical electrical arousal according to the laws of temporary
connexions.

The conditioned reflex nature of the intestinal arousal reaction developed
by reinforcing the mechanical stimulation of the intestine with the direct
electrical stimulation of the reticular cells was ascertained by means of the
extinction and disinhibition tests, as in our previous experiments [4].

Discussion

The results obtained have confirmed our hypothesis that the conditioned
arousal reflex is travelling through the mesencephalic afferent activation
system. It has namely been shown that if the neutral interoceptive stimulus is
reinforced by the direct electrical stimulation of the diffuse nonspecific reti-
cular system described by Moruzzi and Magoun [2], the temporary arousal
results just as it does in response to strong exteroceptive (auditory, dermal)
stimulation that causes arousal by itself. The appearance of the conditioned
reaction after a single reinforcement of the intestinal stimulus by reticular
stimvdation indicates that in the conditioned arousal reaction the adequate
“unconditioned” reaction in the Pavlovian sense is invariably an excitation of
the reticular activation system. The direct electrical stimulation of this struc-
ture is obviously more effective than an exteroceptive stimulus travelling there
by way of a distant afferentation. In other words, the cortical electrical acti-
vation of mesencephalic origin may be conditioned, even, as our experiments
show, to interoceptive stimuli.
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Mydeton (I-piperidino-2-methyl-3-p-tolyl-propanone-3), a compound apparently
having a central nervous site of action, produces the following characteristic effects:
changes in behaviour (which vary from species to species), sedation in the mouse and
rat, extreme loss of muscle strength in the rabbit, clonic convulsions followed by loss
of muscle tone and total inability to walk in the cat. Only near-toxic doses produce
narcosis. Mydeton paralyses multisynaptic spinal reflexes, relieves the hyperreflexia
caused by strychnine and reduces the strychnine mortality rate in rats. It is active
againstthe convulsions induced by electric shock. In this respect Mydeton is more potent
than Diphedane or Mysoline. Mydeton is active also against nicotine and the tremor
caused by harmine.

The drug has no atropine-like, antihistaminic or adrenolytic actions. Its gang-
lionic blocking potency is 2 or 3 times weaker than that of TEA. It is about twice
weaker than papaverine in inhibiting smooth muscle spasm.

Thus, the drug acts first of all on the multisynaptic neurone systems and may
therefore be listed among the so called interneurone depressants.

Until recently, atropine and scopolamine were the souveraine drugs in
the treatment of extrapyramidal motor diseases, especially parkinsonism.
However, they have untoward side effects (dryness of mouth, disturbance of
accomodation, tachycardia) and therefore it was desirable to produce drugs
with less side effects. The first of such drugs was Parpanit [1]. As far as side
effects are concerned, this was only 13 times weaker than atropine and in-
fluenced mainly the tremor. Subsequently several new preparations have been
recommended for treating the symptoms of parkinsonism, such as Trasentine,
Artane, Lysivan, Benadryl, but none of them gained universal acceptance.

Recently, on the basis of the observation that chlorpromazine blocked
the bulbar and mesencephalic facilitatory neurone system [2], this compound
has been used in the treatment of the widest variety of motor disturbances.
However, chronic treatment with chlorpromazine may by itself give rise to
changes similar to the symptoms of parkinsonism [3], apparently through
interfering with the copper metabolism of the central nervous system, because
these symptoms can be ameliorated by the use of BAL(dimercaptopropanol) [4].

We showed in earlier chemical and pharmacological studies that in the
rabbit and the cat some aminoketones caused extreme muscle weakness

5 Acta Phygiologica XV111/2.
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and complete inability to walk, without making the animals to sleep [5, 6].
Systematic pharmacological investigations showed in particular 1-pipe-
ridino-2-methyl-3-tolyl-propane-3 (Mydeton, Mydocalm, of the Richter Works,
Budapest) to possess such pharmacological properties and to be especially
suitable for use the treatment of extrapyramidal motor disorders. The com-
pound is water-soluble, but rapidly loses its activity in the dissolved state; in
substance it is stable.

Methods

Acute toxicity was determined in mice, by the method of Behrens and Karber [7],
using 5 animals each for the doses increasing in steps of 100 mg/kg. The effects on the somatic
nervous system were studied in the mouse, rat, rabbit and cat; eventual psychic effects were
also recorded.

The studies concerned with the inhibition of the tremor produced by harmine were
made as follows. The mice were placed into a closed wire cage 15 cm high and 8 cm in dia-
meter. Exactly in the centre of the bottom of the cage was an axle allowing the cage to swing
right and left The cage was suspended by a rubber band which served to prevent extreme
swinging. The motions of the cage were recorded kymographically. A few trials in the cage
sufficed to adapt the animal to its new environment and to make it behave normally. The
compound was injected subcutaneously 15 minutes before the subcutaneous injection of
20 mg/kg of harmine. In other experiments the inhibition of the tremor was observed visually.
In this series 5 animals were used to test each dose of the drug. The activity was expressed
by a quotient, with the number of animals showing tremor in the numerator and with that
of the animals treated with Mydeton in the denominator.

The anti-nicotine effect was studied in mice against 3 and 6 mg/kg doses of nicotine
tartarate administered intravenously, by a method already described [8]. The doses corre-
sponded to the seasonal LD 10 of nicotine [6].

Inhibition of electroshock was studied in the following way. Previous studies in 10
W istar rats of our own breed showed the optimum parameter of stimulation producing strong
tonic convulsions in all four limbs in every animal to be 100 Hz, 5 msec, 27 V. Electroshock
treatment with these parameters applied at intervals of 30 minutes elicited typical convul-
sions of identical intensity for hours. In evaluating the anticonvulsive effect of the decrease
in the intensity and the duration of convulsions were recorded. The intensity of convulsions
is given in points, in the average for 10 animals each. The action on the intensity of metrazol
convulsions was evaluated in the same way. A more detailed description will be given in the
appropriate sections.

The action on striated muscle was studied in the masseter muscle of the rat, by the
method of Hotovy and E rdniss [9]. The compounds were injected into a tail vein. Muscle
contractions were elicited 18 to 20 times a minute.

Of the spinal reflexes only the ipsilateral flexor and the contralateral extensor ones
were elicited, by stimulating the central stump of the tibialis posterior nerve. The contrac-
tions of the corresponding muscles were recorded by a Marey capsule transmission. The re-
flexes were elicited 18 to 20 times a minute, by rectangular impulses 5 msec in duration.

The actions on circulation, respiration and autonomic ganglia were studied in cats
under urethane (300 mg/kg) -I- chloralose (35 mg/kg) anaesthesia. Blood pressure was measured
in the left femoral artery by means of a mercury manometer, respiration was traced kymo-
graphically by means of a Marey capsule attached to a tracheal cannula. The cervical pregang-
lionic fibre was stimulated with rectangular impulses and the contractions of the nictitating
membrane were recorded by an isotonic lever (transmission 1 :20).

Cardiac action was studied in isolated frog hearts beating in 1 ml Ringer’s solution.
The activities of the mammalian heart were recorded by means of a cardiometer, and ECG
tracings were made to detect eventual disorders in the formation and conduction of impulses.

The action of the compound on the cerebral bioelectric potentials was studied in un-
anaesthetized cats, using an 8-channel Kaiser EEG apparatus. The electrodes were fixed into
the surface of the frontal and occipital lobes and the activation area of the reticular formation
of the brain stem. The Horsley-Clarke co-ordinates of the latter were: anterior 2 mm, lateral
3to 4 mm, and vertical 3to 4 mm. The animals were experimented on 2 weeks after operation.
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Results

Toxicity and general effects

Mice. LD 100800 mg/kg, LD50 620 mg/kg. The 100 mg/kg dose produced a
very mild ataxia, the 200 mg/kg dose extreme muscle weakness with marked
ataxia. The rectal temperature dropped to 34 to 35 °C. After administration
of a 400 mg/kg dose the animal could hardly walk and its body temperature
decreased to 30 °C. 600 mg/kg produced narcosis and some animals died of re-
spiratory paralysis.

Rats. Smaller doses produced a remarkably strong sedative effect. This
was obvious even after a dose as small as 50 mg/kg subcutaneously. The

Fig. 1. Rabbit. Response to 100 mg/kg of Mydeton subcutaneously. Total loss of muscle power.
The animal cannot stand up, drops its head, the limbs give way

formerly irritable, aggressive animals became tame, rough interventions were
tolerated passively. Larger doses affected motor functions, first causing in-
ability to walk. Narcosis was observed after near-toxic doses only.

Rabbits. In response to the subcutaneous injection of 100 mg/kg the
changes appeared in the following order. After five minutes mild ataxia, after
15 minutes mild muscle weakness with maintained posture correction and slip-
ping of limbs, after 30 minutes inability to walk, extreme muscle weakness
were observed; the animal tried to escape from strong painful stimulation,
but could move just a few steps. This characteristic posture is shown in Fig. 1.
The ability to correct posture was maintained throughout, no symptom of
narcosis was noted.
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Cats. Muscle weakness was observable in response to the 50 mg/kg dose.
The 100 mg/kg dose was followed in 10 to 15 minutes one or two clonic con-
vulsions, after which the animal became inable to walk. In this phase the ani-
mals were responding to external stimuli, felt no pain and showed no evidence
of narcosis. The cats were mewing desperately, breathed rapidly and salivated.
The duration of the action of this dose was 3 to 4 hours.

Antinicotine and antiharmine actions

According to Bévet and Longo [10] the compounds improving the
symptoms of human parkinsonism inhibit the nicotine-induced convulsions in
the rabbit. Cahen [11] has suggested the inhibition of the nicotine tremor to
be a valuable method in the search for drugs active on paralysis agitans. The
method has been widely accepted so that now the nicotinolytic compounds
have separate chapters in the text-books [12].

It seemed therefore interesting to examine whether Mydeton possessed
an antinicotinic action and how its potency compared with that of Parpanit.

Table 1
Nicotine tartarate Nicotine tartarate
Mydeton intravenously Parpanit intravenously
subcutaneously subcutaneous!y
mg/kg 6 mg/kg 3 mglkg mg/kg 6 mg/kg 3 mg/kg
100 3/10 0/5 100 0/5
75 0/5
50 5/10 1/5 50 1/5 0/5
25 2/5 0/5
25 25 1/5 2/5
125 12.5 1/10 3/5
0 5/5

Mice in groups of 5 were given the test drug subcutaneously 30 minutes before
the lethal dose of nicotine tartarate, and the potency of antinicotine action
was judged on the basis of the number of survivors. This was expressed in the
form of fraction, with the number of survivors in the numerator and the
animals treated with the test drug in the denominator. The results are pre-
sented in Table I. It can be seen that the antinicotinic potency of Mydeton
is about 2—*/3°f that of Parpanit; 25 mg/kg of Mydeton saved about 50 per
cent of the animals, while of Parpanit 12.5 mg/kg subcutaneously afforded the
same protection. 100 mg/kg of Mydeton afforded 75 per cent protection against
twice the lethal dose of nicotine, while the same dose of Parpanit 100 per cent
protection.



Fig. 2. Mouse. Inhibition of tremor produced by harmine. Curve above: Motor® activity of normal animal, before
and after harmine 20 mg/kg subcutaneously. Curve below: Effect of Mydeton 50 mg/kg, subcutaneously, before
and after the subcutaneous injection of 20 mg/kg of harmine
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According to Zettter [13], the inhibition of the harminc tremor may
also be used in the search for drugs against parkinsonism. This action of
Mydeton was also studied. An experiment of this type is shown in Fig. 2. The
curve above shows the motor activity of an untreated control mouse, the one
below that for a mouse pretreated with Mydeton. The control animal responded
to placing into the cage by an intense orientation reaction, causing the cage
to swing wildly. Then following the subcutaneous injection of 20 mg/kg
of harmine the animal became quiet and developed tremor and motor
agitation for about 30 to 40 minutes. The curve below shows the motor
activity of a mouse which had been given a subcutaneous injection of 50
mg/kg of Mydeton 10 minutes before it was placed in the cage. The
animal was absolutely calm. The two curves make it clear that just like in
the rat, Mydeton has a sedative action in the mouse, too. The animal was
indifferent to the new environment and exhibited no orientation reaction.
A 20 mg/kg subcutaneous dose of harmine given 20 minutes after the
injection of Mydeton caused motor agitation for a short time, but no tremor.
Parpanit differs from Mydeton also in that it may by itself cause tremor.
Harmine makes the Parpanit-induced motor agitation more marked and
therefore an eventual inhibition of tremor could not be assessed. Mydeton in
a dose of 25 mg/kg did not prevent the development of tremor, but consider-
ably reduced its duration.

Action on striated muscle

It is characteristic of Parpanit that it antagonizes not only the nicotine
convulsions, but normalizes the muscle acitivity increased by prostigmine.
At the same time it has no influence on the muscle response to indirect neural
stimulation. According to Hotovy and E rdniss [9], the inhibition of the
prostigmine-increased muscle activity may be suitable for determining whether
a compound is capable of influencing spastic hypertension in man; they suc-
ceeded by this method in confirming the therapeutic action of Belladonine a
compound which has no antinicotinic activity. A typical experiment of this

Table 11
Dose Percentage decrease Number of
Drug "ig/kg, of contraction experiments
intravenously amplitude

Mydeton 5 67.9 4
Parpanit 5 57.0 2
Mydeton 2 63.5 2
Parpanit 2 27.4 3
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type is shown in Fig. 3. The intravenous injection of 2 mg/kg of Parpanit
diminished the muscle activity increased by prostigmine, and this action was
further enhanced by Mydeton. In the experiment shown in Fig. 3, 5 mg/kg of
Mydeton proved to be more potent than the same dose of Parpanit. The
results have been tabulated (Table Il).

Fig. 3. Rat, 160 g. Masseter muscle hyperactivity, induced by the intravenous injection of
prostigmine, 10 ug animal. Diminution of muscle tone in response to Parpanit (2 to 5 mg/kg)
and Mydeton (2 to 5 mg/kg, intravenously).

Parameters of stimulation: 100 Hz, 15 msec., 5to 8 V

Action on spinal reflexes

Parpanit is known to block the multisynaptic spinal reflexes, while it
leaves the monosynaptic knee jerk unaffected [14]. In our earlier studies on
the pharmacology of aminoketones it was found that the aminoketones with an



156 J. PORSZASZ et al.

antinicotinic activity possessed such an action, similar in potency to that of
Parpanit and Myanesin [6]. Studies on the action of Mydeton on spinal re-
flexes have been particularly justified by Berger’s observation [15] that no
connection existed between the intraneurone-depressant and flaccid para-
lysis-inducing effect of the compound. This applies in particular to Parpanit
and Myanesin, both of which inhibit the flexor and especially the extensor

Fig. 4. Cat, 3500 g. Effect of an intravenous dose of 5 mg/kg of Mydeton on spinal reflexes.
Top: ipsilateral flexor reflex. Centre: crossed extensor reflex. Bottom: blood pressure. Time
signal: 10 sec
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reflex, but only Myanesin causes a flaccid paralysis similar to that produced
by Mydeton.

Fig. 4 shows that Mydeton depressed especially the crossed extensor
reflex, while it had no influence on the amplitude of the ipsilateral flexor
reflex. The reflex depression was not correlated with the vasodepressor action,
because it persisted after the blood pressure had become normal. The reflex
depression caused by the intravenous injection of 5 mg/kg Mydeton was lasting;
the initial amplitude was resumed only after 20 to 30 minutes.

To elucidate the site of action of this reflex depression, the effect of the
compound on the strychnin-induced reflex facilitation was studied. Gualtie-
rotti [16] showed that strychnine blocked the so-called collateral neurones of
Renshaw and the reflex irradiation was a result of this. As seen in Fig. 5,
Mydeton tvas capable of normalizing the hyperreflexia caused by the intra-
venous injection of 20 /tg/kg of strychnine. As our investigations showed
Mydeton to have no or very little influence on the ipsilateral flexor reflex and
on the amplitude of the neurodirect muscle contraction, this reflex depression
could have been ascribed to a diminished activity of the motoneurones in the
anterior horn. If this were so, the increased ipsilateral flexor reflex should have
also been diminished. Considering the absence of this effect we assumed that
the site of action of Mydeton was in some higher cerebral facilitatory systems.

Mydeton is a more potent reflex depressant than Parpanit, especially as
regards the inhibition of strychnine hyperreflexia. In many instances Parpanit
in a dose of 5 mg/kg failed to influence the reflex irradiation caused by strych-
nine, while the same dose of Mydeton diminished the amplitude of the reflexes.

The antagonism of strychnine and metrazol convulsions in the rat

The above investigations have made it clear that Mydeton is a specific
inhibitor of the central nervous multineuronic synapses. As it was also capable
of blocking the strychnine-hyperreflexia, we investigated whether it lessened
the toxicity ofstrychnine. We found the LD 100 of strychnine to be 3 mg/kg (s. c.)
in rats. This dose killed the animals in 22.5 i 15.7 minutes. The duration of
this period increased to 119.5 ~ 69 minutes and 3 of 10 animals survived when
100 mg/kg of Mydeton had been injected subcutaneously 20 minutes prior to
the injection of strychnine. Thus, Mydeton has a marked antistrychnine action
and the reason why it can prevent death in but 30 per cent of the cases is the
protracted action of strychnine, and the faster elimination of Mydeton.

The inhibition of metrazol convulsions was also studied in rats. The dose
was 70 mg/kg of metrazol while the dose of Mydeton tvas 50 mg/kg subcuta-
neously, 20 minutes before administering metrazol. The results have been
summarized in Table Ill, where the time of appearance and the intensity of
convulsions are also shown. The intensity of convulsions is given in points,
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Fig. 5. Cat, 3800 g. Hyperreflexia (flexor and crossed extensor) induced by strychnine (10
2.9/kg intravenously), relieved by the intravenous injection of 5 mg/kg of Mydeton. Top:
flexor reflex. Centre: extensor reflex. Bottom: blood pressure. Time signal: 10 sec
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and because there were several seizures the scores have been added up. One
hundred points mean a maximum increase of tone in all four limbs, 75 points
an increased tone in the fore limbs and a clonus in the hind ones, 50 points
stand for clonus in all four limbs and 25 points indicate clonic motions in the
fore limbs only. Mydeton significantly diminished the intensity of convulsions,

Table I11

Inhibition of metrazol convulsions in the rat

Metrazol 70 mg/kg subcutaneously

Animal Weight Time of

No. g injection Note Points
| 160 14*5 145*%++++ 100
2 180 1446 1502++ 50
3 155 1417 1500+ + 50
4 120 1448 14s0+4—p 15°5++++ 1517+ + + + 250
5 160 1450 1458+ + 15204- + 100
Total 500

After treatment with 50 mg/kg of Mydeton subcutaneously

Animal Weight Time_of

No. g injection Note Points
| 175 15% 165°+ succumtued 25
2 130 1556 1725+ 25
3 125 1557 1635+ succumbed 25
4 130 1558 1635+ 1640+ + 1630++ 1655+ + 125
5 175 153 1645+ 1647-j—/- succumbed 75

Total 275

the total score decreased from 500 to 275, but at the same time the toxicity of
metrazol was significantly increased. This was shown by the fact that 3 of the
5 animals pretreated with Mydeton died, while all of the controls survived.

Inhibition ofelectroshock in the rat

It is known [17] that certain compounds not influencing the metrazol
convulsions considerably inhibit the appearance of the convulsions produced
by electroshock. Considering its strong central actions, Mydeton was examined
also for this effect in comparison with Parpanit, Diphedane and Mysoline, to



1(50 J. PORSZAbZ et al.

determine to what extent and for how long the test drugs influenced the res-
ponse to electroshock. The results obtained in groups of 10 animals each are
presented in Pig. 6, showing the time elapsed from the subcutaneous injection
of the test compounds in 30 minute intervals on the abscissa and the intensity
of the convulsions in “points” on the ordinate. The scores should be inter-
preted as specified above with metrazol. This method was thought more reli-
able than that in which the convulsive threshold is determined by increasing

Fig. 6. Rat. Electroconvulsion. Abscissa: time. Ordinate: intensity of convulsion, in points
Each curve shows the mean for 10 animals. The arrow marks the subcutaneous injection of the
test substance

Mydeton, 50 mg/kg

Parpanit, 50 mg/kg

Diphedan, 50 mg/kg

Mysolin, 50 mg/kg

A WN R

the voltage or intensity. Mysolin injected subcutaneously had the weakest and
Mydeton the most lasting action; it was still demonstrable after 150 minutes,
while the effect of Parpanit and Diphedan was over in 90 to 120 minutes.
Parpanit showed a remarkable anti-electroshock action, concerning which we
have been unable to find data in the literature.

The effect of Mydeton on the cortical and subcortical bioelectric activity in the cat

In these studies large doses (100 mg/kg) of Mydeton were administered,
to produce marked changes in behaviour and posture. A typical electro- and
subcortigram of this type is reproduced in Fig. 7. In part a, showing the basic
activity faster and slower activities were alternating. This was particularly
conspicuous in the occipital cortex. A sound stimulus of 200 Hz applied at this
point elicited an intense arousal reaction. The activity of the frontal cortex
increased sharply and the sleep spindles, appearing at about 4 to 5sec intervals,
disappeared in the occipital cortex. Part b shows the bioelectric activity 8



THE PHARMACOLOGY OF MYDETON 161

minutes after the administration of 100 mg/kg of Mydeton. The sleep spindles
are absent, frequency is increased, the curve is similar to that of the arousal
reaction. A sound stimulus applied at that time had no effect. Shortly after-
wards, in part ¢, the picture of atypical attack of clonic convulsions is visible,
followed by isoelectric silence. Part d shows the electric activity 30 minutes
after Mydeton administration. There is no trace of narcosis, instead of it a
high-frequency, low-amplitude activity was recorded. A sound stimtdus

1920
250 Hz

Fig. 7. Effect of 100 mg/kg of Mydeton on the corticogram of the cat
Leads, downward: bifrontal, right longitudinal, left longitudinal, bioccipital, right reticular
formation.

Part a: Before Mydeton, desynchronization caused by sound (250 Hz)

b

Part b: Seven minutes after Mydeton. Fast activity, occasional slow waves
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(200 Hz) applied at that point had no effect. At the same time, the symptoms
noted were lying on the side, tachypnoea, hypersalivation, motor activity
resembling running, loss oftone in the limb muscles, absolute inability to walk.

c

Part c: Clonic convulsions at the end of the convulsive period. Note onset of bioelectric
silence

LAY\

d
Part d : Thirty minutes after Mydeton. No response to 200 Hz sound

These findings make it clear that Mydeton has a very potent action on
the central nervous system and, presumably through stimulating the rostal
reticular formation, gives rise to a typical arousal reaction in the cat. Further
investigations are needed to clarify the exact site of action. Such convulsions
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occurred exclusively in cats and therefore the results cannot be considered
valid for other species. The action of morphine, too, is known to vary from
species to species, for example it causes motor excitation in the mouse, a
cataleptic state in the rat, tonic-clonic convulsions in the cat, and inertia,
sleep in the dog.

Action on the circulation, respiration and autonomic ganglia in the cat

An intraveneous dose of 0.5 mg/kg Mydeton caused transient fall in
blood pressure. The intravenous injection of 5 mg/kg caused a vasodepression
of 80 to 90 mmHg, which Mas normalized in about 1 minute at the beginning
of the experiment. The vasodepression in response to the fourth injection was
more protracted, associated with apnoea lasting 10 to 20 sec. This did not
occur after bilateral vagotomy, while the drop in blood pressure was unaffected.
Thus, the Mydeton-induced apnoea is apparently a pulmonary chemo-
reflex. Apnoea was often followed by hyperpneoa. This was independent of the
hypotension, because it persisted after blood pressure had become normalized.
All these effects are illustrated in Fig. 9. Atropine had no inhibitory effect
either on the vasodepressor response or on the apnoea.

Mydeton did not affect the hypotensive response to acetylcholine and
histamine (Fig. 9), i. e. it has no atropine-like and anti-histamine actions. It
greatly reduced the hypertensive response to choline phenylether (Fig. 9) and
decreased the vasopressor action of adrenaline.

The protracted falls in blood pressure in some cases and the inhibition
of the vasopressor activity of choline phenylether have justified investigations
into an eventual action on ganglia, although in our earlier studies the amino-
ketones were found to possess no or very little such activity [5, 6]. It is seen
in Fig. 9, that in response to 5 mg/kg of Mydeton the amplitudes of the nicti-
tating membrane contractions elicited by electrical stimulation of the cervical
preganglionic sympathetic fibre at 30 sec intervals Mere decreased by about
20 to 30 per cent. More detailed studies shoMed the ganglionic blocking action
to be about 2 or 3 times weaker but more lasting than that of TEAB.

Action on the heart

Cardiac activity in the cat was recorded in situ by a cardiometer. Fig. 9
shoM® that after opening the chest and applying the cardiometer blood pres-
sure set at around 50 mm Hg. An infusion of 5 /ig/kg/min adrenaline increased
diastolic filling and decreased systolic volume, in other words, it increased the
output. Mydeton 5 mg/kg intravenously caused a very short decrease, then an
increase and finally a gradual decrease of the stroke volume, which reached its
maximum 3to 4 minutes after the injection. To decide whether the diminution
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Fig. 8. Cat, 3000 g, Chloralose-urethane anaesthesia. Effect of Mydeton on the vascular and
respiratory actions of choline phenylether and acetylcholine and on the nictitating membrane
response to the electrical stimulation of the cervical preganglionic fibre.

In downward order: nictitating membrane, respiration, blood pressure.
Time signal on 0 line: 10 sec
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of cardiac output was due to peripheral vasodilatation, or to a Aveakness of
heart action as indicated by the cardiometer tracings, the bioelectric ativ ity of
the heart was studied by ECG. The results are presented in Fig. 10. About 3
seconds after the administration of Mydeton the height of the R waves decreased
markedly. This lasted about 3 seconds, then the QRS complex gradually in-
creased in height, reaching the initial size in about 2 to 3 minutes, i. e. at a

Fig. 9. Cat, 3600 g. Chloralose-urethane anaesthesia. Effect of Mydeton on stroke volume.
In downward order: cardiometer, blood pressure, time signal (10 sec).
In cardiometer curve: top: diastole, bottom: systole.
Inf.: onset of adrenaline infusion, 5 pg/kg/min

ime when the decrease of cardiac output was the greatest. Thus, the fall in
blood pressure seems to be due to a decrease of peripheral resistance and the
diminution of the stroke volume must have been a result of this. The de-
crease of peripheral resistance may be traced back to a mild ganglio/riic blocking
action, on the one hand, and, as it will be seen later, to a spasmolytic action,
on the other.

6 Acta Physiologica XVII1/2.
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Parpanit, too, is known to cause a fall in blood pressure and for this
reason we have examined its effect on the ECG of the cat. Fig. 11 shows that
5 mg/kg of Parpanit injected intravenously caused a decrease in the height and
even splitting of the R waves, but for a short while only.

The cardiac actions of Mydeton and Parpanit were studied in frog
hearts, too. In concentrations of from 25 to 100 ~g/m| (depending on the hearts),

C

Fig. 10. Cat. Effect of Mydeton on the ECG. Lead Il. 5 mg/kg Mydeton intravenously. Split
R, negative T, prolonged PQ interval.

a) Before Mydeton. b) During Mydeton. ¢) 3 Minutes after Mydeton

Mydeton had a negative inotropic action on the isolated frog heart and did not
interfere with the formation and conduction of impulses. The heart kept on
beating in the original rhythm, and no diastolic arrest resulted even at a con-
centration of 100 “itg/ml. In contrast with this, similar concentrations of Par-
panit markedly weaken the heart and produce not only a negative inotropic
action but also arrhythmia and bradycardia.

Mydeton is easy to wash out from the heart muscle, thus its effect is
reversible, as opposed to Parpanit, which is difficult to remove even by re-
peated washing and u'hich alters the amplitude for as long as % to 1 hour.
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Fig. 11. Cat. Effect of Parpanit on the ECG. Lead Il. 5 mg/kg Parpanit intravenously.
Split R, isoelectric T, prolonged PG.

a) Before Parpanit. b) During Parpanit. ) 3 minutes after Parpanit

Actions on smooth muscle

The aminoketones have been found to possess a weak spasmolytic effect
[18]. It has therefore been thought necessary to study Mydeton from this
respect. Parpanit and papaverine were used for comparison. These studies were
made on the isolated guinea pig ileum, in a Magnus dish containing 18 ml of
Tyrode’s solution, under constant oxygenation, at 38°C. The results are pre-
sented in Table IV. Mydeton was about 25 to 50 times less potent than Parpanit
in the inhibition of the contraction induced by acetylcholine, nicotine and
histamine.

The difference between Mydeton and Parpanit was not so marked in the
inhibition of BaCl2spasm. The spasm caused by 0.28 mg/m| of BaCl2 was com-
pletely inhibited by 0.05 mg/ml of Mydeton; 0,042 mg/ml of Parpanit and
0,03 mg/ml of papaverine were needed to produce the same effect. Since ten
times smaller doses of Mydeton were required to inhibit the acetylcholine
spasm, it appeared as if Mydeton had also an atropine-like activity. This,
however, is not true, because identical doses of Mydeton were required to
relieve the spasm caused by acetylcholine, nicotine and histamine, respectively.
Parpanit is most potent against acetylcholine spasm, i. e. it has chiefly an
atropine-like action.

6*
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Table IV

Action on smooth muscle in the guinea pig intestine

Compound, /<g/18 mi Spasmolytic action, %
Compound Fo/18 mi Ach Hist S5HT Ni BaCl2 Ach Hist S5HT Ni BaClI2
Mydeton 1 5 | 60
10 0.1 70
20 | 75
25 0.1 25 30 100 60 80
50 i 25 30 100 100 100
1500 5000 100
4000 5000 100
1
Papaverine 50 5000 100
Parpanit 1 | 30 95 95
25 | 100
5 0.1 30 100 100
10 25 100
300 5000 15
750 5000 72
1000 5000 83

Abbreviations: Ach: acetylcholine,
Hist: histamine,
5HT: 5-hydroxytryptamine,
Ni: nicotine.

Discussion

Mydeton is active on the central nervous system, in the first place. This
conclusion was dratvn from the following findings:

a) its action varies with the species of animal tested;
b) it inhibits multisynaptic spinal reflexes;

c) it lessens the toxicity of strychnine;

d) it inhibits the convulsions in electric shock;

e) it has a marked anti-nitocine action; and

f) it inhibits the tremor caused by harmine.

Mydeton has a very weak effect on the autonomic nervous system; it
possesses neither atropine-like, nor antihistamine, nor adrenolytic activities.
Its ganglionic blocking action is about 2 or 3 times weaker than that of TE A.
It is a less potent spasmolytic agent than papaverine.

On the basis of these pharmacological data Mydeton is recommended for
use in the treatment of such nervous diseases in which extrapyramidal motor
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disturbances predominate. Lehoczky [19] has shown Mydeton to be superior
to chlorpromazine in relieving the symptoms and in side effects.

The central nervous site of action needs further investigation. Informative
experiments proved Mydeton to be capable of relieving the decerebration
rigidity in the cat. A dose of 5 mg/kg intravenously caused immediate relaxation
of the muscles maintaining extensor tone. One of its most important sites of
action seems therefore to be in the bulbar facilitatory system. We believe this
action to be of decisive importance in the inhibition of the reflex irradiation
caused by strichnine. At the same time, an inhibitory action on the spinal
synapses cannot be ruled out.

The inhibition of electroshock convulsions is believed to be an important
property of Mydeton, which make its use beneficial in the treatment of grand
mal and eventually of petit mal seizures [20]. Further research into the
mechanism of the inhibition of electro-convulsions may bring to light new
evidence helping to elucidate the mode of action of anticonvulsant drugs.
Electrophysiological studies have namely shown such drugs to have different
sites of action. Phénobarbital lessens the excitability not only of the diencepha-
lon, but also of the Ammon’s horn [21]. Phenuron, used in temporal epilepsy,
has no influence on the threshold of rhinencephalic after-discharges, but pro-
longs the slow components of the multispike after-discharges. Tridione does
not act on the hippocampus, but depressesthe cortex and the diencephalon.
Diphenylhydantoine has no effect on the after-discharges of the cortex and
rhinencephalon, but considerably increases the diencephalic after-discharge
threshold [22].

It has been mentioned and illustrated by EEG curves that Mydeton
causes convulsions in the cat. The convulsions seem to be subcortical in origin.
Although such an effect was not observed in species other than the cat, and
the results obtained in cats cannot be applied without restrictions to other
species, it may be worth Avhile to point out that for example according to
P reston [23], chlorpromazine produces convulsive activity in the hippo-
campus, and clinical evidence is available to show that chlorpromazine can
produce epileptic spikes in the EEG [24].

Mydeton causes narcosis in extremely large, near-toxic doses only. How-
ever, even very small doses cause muscle weakness, as well as a normalization
of the hyperactivity produced by prostigmine, so its therapeutic range is very
wide. Pharmacological studies show Mydeton to be closely similar to Myane-
sin, which is a selective paralyser of the interneurones [25], and for this reason
Mydeton may be listed among the so-called interneurone blocking agents.

Mydeton causes a relaxation of the nictitating membrane contracted as
a result of prolonged preganglionic stimulation. It may therefore possess a
ganglionic blocking action. As, however, the blood pressure changes in response
to Mydeton are different from those seen in the characteristic responses to
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ganglionic blocking agents, Mydeton may cause the relaxation ofthe nictitating
membrane directly, i. e. postganglionarly, through a spasmolytic action similar
to that of papaverine.

This may explain also its heart-weakening action. Intravenously injected,
papaverine is namely known to cause heart failure and a weakening of the
function of the isolated papillary muscle [26]. This action of Mydeton is
clearly visible in the cardiographie and ECG tracing. How'ever, it is also pos-
sible that the severe ECG changes are due to the fall in blood pressure and the
consequential marked reduction of the 02-supply to the heart.

Experiments on frog hearts suggest that Mydeton may act directly on
the heart. However, it weakens the heart much less than papaverine or Par-
panit do and its effect is definitely reversible.

These pharmacological properties may make Mydeton a valuable drug
for the treatment of extrapyramidal motor disturbances of various origin, as
it is indicated also by pertaining clinical observation (Lehoczky, Blazso).
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Yth INTERNATIONAL CONGRESS OF BIOCHEMISTRY

Moscow (USSR), August 10—16, 1961

General Information

According to the resolution of the General Assembly of the International Union of Bio-
chemistry, the Vth International Congress of Biochemistry will he held ind Moscow, August
10-16, 1961.

The USSR Biochemical Society cordially invites everyone interested in the broadest
aspects of biochemistry to participate as an active member. Each active member is allowed
to introduce any member of his family as an associate member.

Those who would like to participate in the work of the Vth International Congress of
Biochemistry are requested to fill in the enclosed Registration Forms (in duplicate) and to
send them to the Executive Committee of the Congress (USSR, Moscov, B—71, Leninsky
Prospekt, 33). The latest date at which Registration Forms will be accepted is March 31,
1961 and December 31, 1960 for the forms | and II, respectively.

Members who intend to contribute to one of the sectional meetings either a communi-
cation or a demonstration should send in three copies of the summary of their communication
(up to 200 words) by December 31, 1960.

The registration fee has been fixed at $ 13 for the active members and at $ 2 for the
associate members. Payment of the registration fee is requested to the account ofthe Congress
No. 380 083 in the USSR Vneshtorgbank by March 31, 1961. This registration fee is not return-
able.

Active members who register before the deadline will receive, before the Congress
opens, a second circular detailed information on the organization of the Congress, the final
programme, a copy of the abstracts of sectional communications, and the preprints of 2 of
the symposia at each member’s choice and, after the Congress, a copy of the texts of the two
lectures given at the plenary sessions. The preprints ofthe other symposia can be obtained
for extra payment. Registered members who will not be able to attend the Congress will
receive this documentation by mail.

Scientific Programme of the Congress

In accordance with the recommendation of the General Assembly of the International
Union of Biochemistry, the organizers ofthe Congress intend to draw attention to a restricted
number of the most burning problems of contemporary biochemistry, With this purpose in
view there will be organized:
I. Lectures given at plenary sessions
Il. Symposia
I11. Sectional sessions for members’ communications and demonstrations.
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1. Two general lectures ivill be given at the plenary sessions of the Congress :

a) D. Green (USA) — “Subcellular Structure and Enzymatic Functionl.
b) I'. Sorm (Czechoslovakia) — «Microstructure of Protein in Connection with its Bio-
logical Function».
Il. It is planned to organize the following symposia :

Biopolymers: Molecular Structure and Biochemical Activity.

. Functional Biochemistry of Cell Structures.

Evolutionary Biochemistry.

General Mechanisms of Action and Specific Inhibition of Enzymes.
Phosphorylating and Non-phosphorylating Pathways of Oxidation.
Mechanism of Photosynthesis.

Principal Mechanisms and Pathways of Biosynthesis.

Biochemical Principles of Food Industry.

A o

I11. The following sections will be organized :

Chemistry of Compounds of Biological Interest
Biochemistry of Proteins and Amino Acids
Biochemistry of Nucleic Acids and Nucleoproteins
Biochemistry of Viruses
. Enzymology
Comparative Biochemistry
. Biochemistry of Antibiotics
Industrial Biochemistry
. Cyto- and Histochemistry
. Muscle Biochemistry
. Biochemistry of the Nevous System
. Vitamins and Nutrition
. Biochemistry of Hormones
. Biochemistry of Microorganisms
Plant Biochemistry
Clinical Biochemistry
Biochemistry of Carbohydrates
Biochemical Pharmacology
Biochemical Genetics
. Immunochemistry
. Biochemistry of Malignant Tumors
. Biochemistry of Photosynthesis
. Respiration and Oxidation
. Radiation Effect on Biochemical Processes
. Biogeochemistry
. New Apparatus and Methods
27. Varia
Each Congress member has the right to present only one communication. A paper may
be read at a section only by the author whose name is mentioned first. Besides, each Congress
member may participate in two more communications as the second author. Owing to the
large number of contributions anticipated, it is possible that some papers may have to be
read by title only.
Authors may use any language of their choice, but to facilitate the exchange of informa-
tion authors are, however, requested to use Russian, English or French.
Tables an lantern slides should be presented in standard sizes.
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Die von der Medizinischen Kommission der HR
(Internationale Foderation der Widerstandskampfer)
einberufene

Il. INTERN ATI ONALE
MEDIZINISCHE KONFERENZ

wird vom 17. bis 19. Marz, 1961 in Littich (Belgien)
zusammentreten. Dabei sollen insbesondere die Be-
handlungsmethoden der progressiven Asthenie und der
vorzeitigen Vergreisung besprochen werden.

Anfragen und Anmeldungen zur Teilnahme an
der Tagung sind an die Medizinische Kommission der
FIR, Wien I, Castellezg. 35, zu richten.

N kiadasért felel az Akadémiai Kiad6 igazgatdja Miiszaki szerkeszté: Farkas Sandor
A kézirat nyomdéaba érkezett: 1960. VIIl. 17 — Terjedelem: 8 (A/5) iv, 38 abra

1960.51901 Akadémiai Nyomda, Budapest — Felelds vezet6: Bernat Gydrgv



Equipments for operating rooms

Surgical instruments

Electro-medical apparatus

Diagnostic hand-appliances and mechanical
apparatus

Dentistry chairs, dental apparatus type “Unit”,
dental material

Veterinary instruments
Various types of iron lungs

Injection needles and syringes

Rocking respirator and other apparatus
for paralysis treatments

Ampoules, vials, glasses

Exporters:
THEBT eh hPEik" B8RS rdr 18 uments

Letters: Budapest 62. POB 202. Hungary
Telegrams: INSTRUMENT BUDAPEST



ACTA PHYSIOLOGICA
LTOM. XVIIl. —BbIMN 2

PE3KOME

NCCNEAOBAHNE ®YHKUMNOHAJ/IBHOIO 3HAYEHWA CBA3AHHbLIX K MWO-
DPUNBEPUJIJTAM HYKNEOTWMAOB

. NccnegoBaHne cocTosiHMA  hochopunsiumMm  CBSI3aHHbIX K MUOMbpuniam HyK1eoTUAoB
in vitro

3. BUPO n A. MIOJZIPAL

ABTOpbI MccnefoBanv 06LLEee KOMMYECTBO U COAepXKaHWe TUAponvM3MpyeMoro docgopa
HYK/eOTMAOB, CBSI3aHHbIX K MMOGMGPUINAM, COKpaLLeHHbIM afeHO3MHTPUGOCcHaToOM, U Haxo-
JAlWMMCS BCNEACTBME PasfIMUYHbIX BO3AeNCTBMIA B npucyTcTBUM AT® B paccnabneHHOM cocTo-
AHMM. B cnydvae penakcauuy, Bbi3BaHHOV paccnabnsowmMm hakTopamu, aTLIeHANAMUHTET-
paaleTaToMm, MNpU HU3KOW TemnepaType, KOMMYECTBO ruaponunsvpyemoro cocgopa (CooTHO-
LeHVe <P cBA3aHHbIX HYK/1E0TUAOB) YMEHbLUIAETCS N0 CPaBHEHMIO ¢ octhopom B Hepaccnab-
JIEHHbIX MMOMbprniax, — B cay4vae penakcaunu, BbI3BaHHOM 60NbLLIOA NOHHOM CUMOW, MoYe-
BWHOW, WM e KOHUeHTpauuneid AT® 60nbLue onTUMasibHOW, He Habno4anocb AaHHOIO0 YMeHb-
LeHns cogepXxaHnsa  occopa.

CornacHo onbiTamMm ¢ MeyeHHbIM B ¢ochope ATD pasHMLA MMeeT MeCTO He BC/eACTBUE
npvema cocgopa B COKpALLEHHOM COCTOSIHAM, a MyTeM AMCCOLMMPOBAHUS B pacc/iabieHHoOM
COCTOSIHAM OAHOM 4acTu CBA3aHHbIX HYKNeoTMAOB, npexae Bcero AT®.

NCCNEAOBAHME C ®YHKUWMOHA/IBHOIO 3HAYEHWA CBA3AHHbLIX
K MNODPUBPUNNTAM HYKNEOTWAOB

1l. NccnepoBaHve o6MeHa BeLLECTB CBSA3aHHbIX (hOCHOPHBLIX (PpakumiA ¢ NMOMOLLBI MEUYEHHOro
thocthopa

3. BUPO n A. MIOJIPAL

CyLLEeCTBEHHOT0 MeYeHUs MNOAAANOLLel/icsi TMAPONN3Yy CBSI3aHHOW (hpakuMyM Kak W CBsi-
3aHHOr0 HeopraHmyeckoro ocgara MnMombpuna He COCTOMTCH, €clM MUOMOPUNIbI B NO3N-
uMsaxX y n B pacliennsitoT paBHOMEPHO MeYeHHbIi AT®. [MofobHbIM 06pa3oM He CHUXKaeTcst
PaanoaKTUBHOCTL (POCOPHBIX (paKkumii MUOMOPUANA, MeYeHHbIX BBEAEHHbIM in vivo P32
€C/IM  M30/IMPOBaHHasi MUoMbpUINa pacluennseT He PafvoaKTUBHbLIN ATO.

CKopocTb HOBOO6pa3oBaHMsA CBSA3aHHbIX K Muodmbpunnam gochaTtHbIX dpakLmii MHOMo-
KpaTHO 60/blle, YeM, cOrflacHO pesynbTataMm Benuka (5), CKOPOCTb HOBOOGPA30BaHWSA aKTu-
HOBbIX 6€/1KOB.

BhILLEen3noXeHHble pe3ynbTaTbl 06CYXAaOTCS € TOYKU 3pPEeHMS MPeAnosioXKeHHolM npo-
MEeXYTOUYHON ponM CBA3aHHbLIX HYK/EO0TUAOB, B YaCTHOCTM COMOCTaBAsAsi MX C pe3ynbTaTamu
akcnepmmeHToB LLITpomaHa (9), Meppn (10) nnm e Ynbbpexta n Ynbbpexta (11).

K MEXAHW3MY [OEWCTBUA CTPEMNTOMULIMHA

I. [eiicTBMe CTpenTOMMUUMHA Ha TepMUHA/IbHOE OKuUc/eHne E. coli
n. 3ABOL

CTpenToMMUMH B 6aKTEPUOCTATUYECKON KOHLEHTpauun, npu uccnefoBaHUsaX Ha E.
coli B m E. coli 055, He OKa3bIBaeT 3HAUMTENIbHOIO AENCTBMSA HA OKUC/EHME MPUMEHSEMbIX
aBTopoM cybcTpaToB. MNpy 60nee BbICOKUX KOHLUEHTpaLMaX, 0C06eHHO, B cpede C HebOsbLLOi
WOHHOW CWNOMA, MOXHO ObINI0 06HAPYXWTb YaCTUHHOE TOPMOXXEHUWE OKMUC/IEHUS, HO OHO HacTy-
naet Tonbko nocne 20- 40 MWHYTHOrO CKPbLITOrO Mepuvoga W MOCTENeHHO Mporpeccupyert.



CTpenToMULUMH B 6aKTEPUOCTATMUECKOM KOHLEHTpaUunM B 3aBUCUMOCTW OT YC/OBWIA,
nocne 6osiee UMM MeHee NpPOAO/KNTENLHOTO BO3AGCTBMS, MpeKpallaeT afanTUBHOMO Xapak-
Tepa CUHTE3 TEPMUHANILHOW OKWUC/UTE/bHOW cucTeMbl B KneTKax E. coli, npoucxogawmx us
nosyaHaspobHbIX KynbTyp. Ha yKasaHHoe TOpMO3silliee AeACTBME CTPENTOMULMHA BAWSET
KOHLIEHTpaLWsl 3MeKTPOIMTOB M pH OKpyXXaloLlein cpegpl.

K MEXAHUN3MY ,D,EI7ICTBVIFI CTPENTOMUNUNHA
W. [LeiicTBre CTPeNTOMULMHA Ha CWHTE3 /3-ranakTosugasbl B KneTkax wTammoB E. coli B
n. 3As0LW

B 6aKTepuocTaTUUecKol KOHLEHTpauMu CTPenTOMWUUMH  COBEPLUEHHO MpeKpallaeT
CUHTe3 /i-ranakTo3ngasbl B KneTkax E. coli B B TOM cny4dae, ecvm ero 406aBnsitoT K peakLuoH-
HOIl cMecy OAHOBPEMEHHO C foGaBneHVeM WMHAyKTopa. Ecnv e CTpenToMUUMH fo6aBnsieTcs
nosgHee, TO OH MPeKpaLlaeT CMHTE3 3H3MMA TO/IbKO MO UCTEYEHUM OMPefeNieHHOro0 CKPbITOro
nepvoga. MpoAoXMUTENbHOCTb MPEALLIECTBYHOLLENO NMOSIHOMY TOPMOXEHMIO, CKPbLITOro Neprnosa,
N KO/IMYECTBO CUHTE3MPOBAHHOIO MEXAY TeM 3H3MMa, 3aBUCUT OT TOro, CKOMIbKO BPEMEHU
npowno Mexay fo6aBneHMeM WHAYKTopa W AobaBneHuem cTpenTomuumHa. Ecnn po6aBuThb
cTpenToMuUMH Ha 40—60-0/i MWHYTe, TO Bcerja HabniogaeTcs napajoKcasbHOe sIBMeHMe:
pasBUTUIO TOPMOXEHWS NpefLIeCcTBYeT BpPEMEHHOE YCKOPEHME CUMHTEe3a 3H3MMA.

CuHTe3 06LLMX Ge/IKOB B 3aTOPMOXEHHbIX CTPEMTOMULMHOM K/IeTKax HeKOTOpOoe Bpemsi
Npofo/IXKaeTcsl fanblie, IMHENHO C M3MepeHHOV Npu [06aBfeHNN aHTMBUOTMKA CKOPOCTLHD,
M NUWb no uctedyeHun 40—60 MUHYT HacTymaeT MOJSIHOE TOPMOXEHMeE.

Mpu [eicTBUM CTPENTOMULMHA CUHTE3 KETOYHbIX 0E/IKOB U HYK/IEMHOBbIX KUCNOT
TOPMO3UTCA NPUGAU3NTENBHO OfMHAKOBLIM 06pa3oM. B npefliecTBytolleid NOSHOMY TOPMO-
YKEHUIO NINHEHON (hase pocTa, OTHOLUEHME HYK/IeMHOBasi KMCOTa/6eloK ycTaHaB/MBaeTCs Ha
Be/INYMHE, M3MEPEHHON MpU BBeAEHWM CTPENTOMULMHA, B TO BPEMS,, KaK POCT KOHTPOSbHbIX
KNEeTOK WAET 3KCMOHEHLMANbHO U OTHOCUTE/IbHOE KOJIMUECTBO HYK/EMHOBLIX KUCMOT B HUX,
MoBbILLAETCA B slorapugMmyeckon ase.

MONYABTOMATUYECKUW AMMAPAT ANA BbITATMBAHUA CTEK/AAHHOIMO
MWKPO3/TEKTPOOA

A. TIOPCAC n ®. CABO

ABTOopamu 6bln paspaboTaH NosyaBTOMATUYECKMIA annapaTt ANs BbITATMBaHUA CTek-
NAAHHOMO 3MEKTPOAA, NPV MOMOLLM KOTOPOr0 MOXHO W3 CTEK/ISHHbIX KanuiispoB C pasnuu-
HbIM WCXOAHbIM [AMaMeTPOM W3roTOBUTb CTEK/SIHHbIE Kanuinsipbl C BEPXHUM AMAMETPOM OT
0,25 po 1,5 mMukpoHoB. MeToa BecbMa MpPOCTON, OCYLLECTB/SieMbIi B NM060A nabopaTtopun.
[aeTca nogpo6HOe onucaHWe MeToAa WM3rOTOBMEHUSI CTEK/SHHbIX KanuaasipoB, WX 3amnosiHe-
HUSI N XpaHeHusl.

MNCCNEAOBAHNA HA KPbICAX ®dYHKUMN KOPbl HAAMOYEYHWNKOB
3. QHAPELWN v SHT TEH-NA

KpoBb HafnoyeyHol BeHbl KPbIC COLEPXMUT CrefyloLine KOPTUKOUabl: 6—a-rnapoKcu-
KOPTM30N, &IbA0CTEPOH, He WAEHTUUM(UPOBAHHbBIA CTepousi C MOMOXKMTeNbHOM  (itoopec-
LUeHUMeld HaTpMem, HO He [alOLLNIA BOCCTAHOBMEHWUS TeTpas3osieM, KOPTUKOCTePOoH, 1l1-gernapo-
KOPTUKOCTEPOH, HA4aHapocTepoH-11-01-3,17-guoH n /P-aHfpocTepoH-3,17-An0oH. ABTOpPbI C
NMOMOLLbIO YYBCTBUTENIbHOINO METOLA BOCCTAHOB/IEHMA TETPa30/IeM OMNPejenvuavu cofep>kaHue
KOPTMKOWAO0B B COGpPaHHOM B TeyeHMe 12 MUHYT KPOBM HaAMOYeYHUKOB OTAENbHbIX XUBOTHbIX,
WNW Ke B BbITSXKKE COEAMHEHHON OT HECKOMbKMX XWBOTHbIX KPOBW Haamo4yeyHol BeHbl CeK-
peunio anbLoCcTepPOHa.

OENCTBUE PABOTbI, COBEPLUEHHOW MNPV FUMOTEPMUW U TUMEPTEPMUMN
HA ®YHKUNKO TUMNOPN3-KOPA HAAMNOYEYHUMKOB

AHI TEH-NA u 3. SHAPELM

ABTOPbI WCCMefoBa/IM B OMNbITaxX MO NiaBaHMIo0 6e/1bIX KPbIC B BOAe PasnMuHoOi Temmnepa-
Typbl A€CTBME MOMHOFO YTOM/IEHUS! HA COCTaB KOPTMKOWAOB B KPOBW HAAMOYeUHOW BeHbl U Ha
CVHTE3 rOPMOHOB MHKYBMPOBAHHOM B YCNOBMSIX in Vitro HaAnoueyHoi TKaHblo. BbIfo ycTaHo-
B/IEHO, UTO CofepXKaHue KOPTUKOCTEPOHa B C/lydae NiaBaHWsi NPU ONTUMabHON Te.mnepaType



NPaKTUYecKM He M3MEHSeTCs, B TO BPeMS KaK OHO npu 18 °C HauMHaeT CHWXaTbcA. B npotu-
BOMONOXHOCTb 3TOMY COfep>KaHue anbAoCTepoHa BblpaXKeHHO MOBbILLAETCA B C/y4vae nnaBa-
HMS Kak npu TemnepaTtype 30°, Tak n 18° n 43 °C, npmyem noBbilleHVe Obl10 60MblUe BCEro
B C/lydyae HWU3KOW TemnepaTypbl cpefbl. Vi3meHeHue coeguHeHus X, HabMOAEHHOr0 B BEHO3-
HO KPOBW HaAMOYeUHNKOB B KayecTBe MOCTOSSHHOrO KOMMOHEHTa, 6bl10 NOLO6HO M3MEHEHUAM
BE/IMYMHbI KOPTUKOCTEpPOHa. HafnoyeyHas TkaHb Mokasasna in Vitro NOBbILEHHBIA CUHTE3 Kop-
TUKOCTEPOHa, Aa)Ke B TeX C/y4vasx, KOrja ero Be/iMynvHa B KPOBM HAANOYEUYHOW BeHbl He M3Me-
HANacb, WM >Ke CHMXanach.

YCNOBHAA N BE3YCNOBHAA SNEKTPUYECKAA AKTUBALIMA KOPbI
FO/IOBHOIO MO3FA MPU PA3APAXEHMM MOYEUYHOW JTIOXAHKU

r. ADAM n . MECAPOLWI

B XPOHMYECKMX OMbITax Ha cobakax-caMKax, UMEIOLLIMX KOPOKOBbIE 3MIEKTPOAbI U CBULL
O/IHOr0 MOYETOUHUKA, 6bIN0 BbISBNEHO, YTO C/laboe MexaHWUecKoe pasdpakeHue MoueyHol
NoxXaHKW 06yCMoB/IMBAET 3MEeKTPUYECKYIO aKTUBaLMio Mo3ra (OpYEeHTUPOBOUYHYID pPeaKLmnio).
3Ta aneKTpuUecKas AeCUHXPOHM3ALUMS MOXET 6bITb MoratleHa. locne AnMTeNnbHOro yraweHust
3TOI peakuMu, NPy COUETAHUN PA3APaKEHMS MOUEK C KaKUMMW NGO 3KCTEPOLIENTUBHBLIMU (3BY-
KOBBbIMW W/ KOXHbIMW) pasapaXkUTeNsiM1, BO3HWKAET YC/IOBHAS UHTEPOLENTUBHAS 3N1EKTPU-

YeCckKas aKTuBauuA.

O PONMN AKTUBWPYIOLLEA CWUCTEMbI CTBOMA MO3TA B OBPA3OBAHUU
YCNOBHOIo0 PE®JIEKCA HA BWCLEPANBHOE PA3APAXEHWE

r. ADAM, U. MECAPOLW, K. IEXOLUKW, A. HAAQb n A. PANK

Y co6aK C XPOHWYECKU BBEEHHLIMY B KOPY FO/IOBHOMO MO3ra W B CPeAHWIA MO3T 91eKT-
pOfAaMMN U CO CBMLLEM TOHKOW KWLLIKW, aBTOPbl COYETA/IN MEXaHWUECKoe pasapakeHve TOHKOW
KULLIKW C NPSIMbIM 3/1EKTPUYECKUM pasfpaXKeHeM BOCXOAsLLeli aKTUBMPYIOLLE CUCTEMbI Cpej-
Hero mosra. Moc/ne Takoro CoYeTaHUsi pasapaxeHunii MPMMeHeHEM MHTEPOLIENTUBHOIO pasapa-
YKEHUSI MOXHO BbI3BaTb YC/IOBHYIO 3/1EKTPUYECKYIO aKTUBaLWio Mo3ra. W3 pesynbTaToB aBTo-
pOB CfiedlyeT, UTO Ha OCHOBE peakLuu NPOBYXAeHWs Me3eHLIedanMueckoro Tvna MoXHO Bblpa-
60TaTb YC/MOBHbI peqrieKc, U cleaoBaTeNbHO SIBMSETCS BEPOSITHBIM, YTO WCXOAsLLAs U3 BUCLe-
pasnibHOW peLenTopHol 06/1acTy YCNoBHAsh MO3roBasi aeKTpUYeckasl akTuBaUusl BK/OUaeTcs
yepes HecneumMUUeckyto PeTUKYNAPHYI0 CUCTEMY CPefHero Mosra.

PAPMAKONOIMNA MWAETOHA (MUAOOKANM, 1-NMNNOEPNANHO-2-METWN-3-p-TO-
NN-MPOMAHOH-3), HOBOro COEAWHEHUSA, B/IOKNPYIOLWENO
MHTEPHEWPOHDbI

A. MOPCAC, K. HAAOP, K TMBNCEP-NMOPCAC n T. BAPAHKAW

Haunbonee xapakTepHoe (apmakonormyeckoe geincteme MwugeToHa, 1-nunepuanMHo-2-
MeTWA-3-p-TONUN-NPONaHoHa-3 yKasblBaeT Ha TO, YTO €ro TOUKOlM BO3LEWCTBUA ABMSETCA LEH-
TpasnbHas HepBHas cucTemMa. JTO AeNCTBUE 3aK/NOYaeTCsA B CrefyloleM: BavsHMe MugeToHa
Ha noBefieHVe XXMBOTHbIX Pa3/MYHbIX BMAOB Pa3IMYHOE: Ha MbIM U KPbICbl 3TO COeAUHEHME
oKasblBaeT YCNoKauBatoLlee AeCTBME, Ha KPOIMKax HabnogaeTcs 3HauMTe/lbHasA MblllevHas
cnabocTb, Ha KOLIKaxX MbllleyHas cnabocTb, MOSIHOE PacCTPOMCTBO X0AbbObl HACTynaeT AvLlb
nocne nosiBEHNS KANHUYECKUX CyLopor. HapKko3 BbI3bIBAETCA TO/IbKO MOYTU TOKCUYECKUMM
fo3aMu. MueToH TOPMO3UT MHOFOCMHANTU4YecKMe CNHasbHble PeqieKCbl, CHUKAeT Y KpbIC
NOBbILLUEHHbIE CTPUXHUHOM peieKCbl M CMEePTHOCTb OT CTPUXHWHA. MUAeTOH NpensaTcTBYeT
HaCTYMN/IEHNIO 3MEKTPUYECKOTO LLIOKA. B 3TOM OTHOLLEHWUM ero AeiiCcTBUe CUbHEE Yem LeiCTBue
OndeHana nam MusonuHa. OH 06nafaeT BblpaXXeHHbIM aHTUHUKOTMHOBBLIM AeACTBMEM W Mpe-
NATCTBYET BbI3BAHHOMY FapMUHOM [pPOXaHWIo.

MugeToH He MMeeT aTponMHONOAO6HOr0, aHTUIMCTaMUHOBOMO, afPeHaIMTUYECKOTO
fencteuin. Mapanuaupytowiee raHrnMmM faencteve B 2—3 pasa MeHblue feicteus TEA. Ero
TOpMO3silliee cnasM agKoi MbIllLbl CBOWCTBO MNPOsSBASieTCA Npubna. B 2 pasa cnabee geii-
CTBMSA NanaBepuHa.

CnepoBatefibHO, [aHHOe COefUHEHMe OKasblBaeT BbIPaXKEHHOe AeNCTBWE, rNaBHbIM 06-
pasoM, Ha MHOroCMHanNTU4YeCKMe HEMPOHHbIE CUCTEMbI M MO3TOMY €ro MOXHO MPUYUCINTL K
TaK Ha3. 0cnabnawwmM WHTepHelpoHbl MpenapaTam.
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Biochemia

PURIFICATION OF THE RIBONUCLEIC ACID INDUCING
PENICILLINASE FORMATION IN B. CEREUS CELLS
By
V. Csanyi, M. Kramer and F. B. Straub

(Received July 15, 1960)

Two methods for the purification of RNA extracted from constitutively penici'-
linase-forming B. cereus cells have been applied and compared. These purified RNA
preparations displayed essentially the same effect in giving rise to penicillinase forma-
tion in inducible B. cereus cells, as a crude extract described earlier.

The RNA preparations obtained by the two methods as well as the crude
extract have been compared quantitatively asto their effect concerning penicillinase
synthesis.

It has been shown that the saturating level of the RNA still having full
activity must be in the order of 102— 10s molecules RNA per cell.

The supposed role of the specific RNA and that of the RNAse treatment
have been discussed.

As described earlier [1, 2], a M NaCl-extract from B. cereus-NRRL-
B-569/H, a penicillinase-constitutive strain [3], if added to ribonuclease-
pretreated B. cereus-NRRL-B-569 (penicillinase-inducible) cells is capable
of giving rise to a transient production of penicillinase in the recipient cells
under suitable conditions. The effect seems in many aspects to be different
from the natural induction, i. e. from induction with penicillin. However,
the increased activity of the enzyme under the effect of the added RNA is
due to a real synthesis of enzyme protein de novo [4].

We worked under the assumption that the active principle in our crude
extract was a specific RNA and in order to prove this we tried to purify the
extract and collect qualitative as well as quantitative data about its nature.

Materials and methods

Organisms. Throughout the whole series of experiments we were using the B. cereus
NRRL-B-569/H cells, as sources of the active principle, and B. cereus NRRL-B-569 cells, as
receptors. The first one is a one-step mutant of the second, isolated by Sneath [3] and has
the ability of forming considerable amounts of exopenicillinase constitutively. The 569 strain
is inducible with penicillin. The induced synthesis of penicillinase in the 569 cells was tho-
roughly studied by poLLOoCK [5, 6] and the proof of the penicillinase formed by the inductive
and constitutive cells being identical was also shown by Pollock et al. [7, 8]. We obtained
both strains from Dr. Pollock and are very indebted to him both for that and for his interest
in our work.

Medium. The nutrient medium as well as the reaction mixture for studying penicillin-
ase synthesis was essentially the same as used by Pollock and Kramer [9], the only modi-
fication being the replacement of the amino acid mixture by 1per cent (w/v) caseinhydrolysate.

Enzymes. Crystalline bovine ribonucléase and deoxyribonuclease were made in our
Institute, according to Kunitz [10]. Both enzymes were free of proteolytic activity.1

1 Acta Physiologica XV II11/3.
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For assaying nucleic acids we used a Type DU Beckman Spectrophotometer at 260
ittfi wavelength. The amount of nucleic acids is always expressed as adenine-equivalent,
i. e. jumole adenine/ml.

For rapid determination of penicillinase activity we used the iodine-method, described
by Perret [11] and modified by Citri [12]. We calibrated the values on the basis of the
manometric technique and found a good agreement between the two different methods (in
the order of £5 per cent). As we accepted only considerable amounts and differences and
employed every conceivable control, — the iodine-method proved convenient and reliable
in our experimental circumstances. — The values of penicillinase activity are expressed in
penicillinase units (jamales penicillin hydrolysed/hour, at 30°C, pH 7.1).

Bacterial dry weight was measured as optical density by a Bir6— Fedorcsak type
photometer, based on a calibration of direct gravimetric assay of dried bacterial cells.

Preparation of the receptor (569) cells

569 cells were grown in Erlenmeyer flasks containing fluid to - of their volume.
The flasks were shaken on a horizontal shaker at 37°C. At the logarithmic phase (0.3—0.6
mg b. d. w. /ml) the cells were harvested, resuspended in 0.9 per cent NaCl and shaken in the
presence of 25 pg/ml ribonucléase for 60 min. at 37°C. The cells were then collected, washed
twice with saline and resuspended in fresh medium to a concentration of approximately 1 mg
b. d. w./ml

Preparation of the active principle (RNA) from 569/H cells

569/H cells were grown in 200 ml of medium with shaking at 37°C until the late
stationary phase (appr. 15— 16 hours). The cells were harvested, frozen at — 10°C and crushed
as quickly as possible in a mortar with added starch (amylum solani), using about 15 times
as much starch as the weight of the wet, packed cells originally present. Every piece of equip-
ment and material used during this procedure had been precooled at — 10°C. After about
4— 5 minutes of hard crushing with a pestle there resulted a homogeneous yellowish, slightly
wet mass which was rapidly taken up in a small volume of saline and centrifuged at 1000 g
for a few minutes. The yellowish opalescent supernatant contained a considerable amount
of nucleic acids, as well as protein and other soluble cell-components, but not intact cells.
The nucleic acids were extracted from this cell-free supernatant by either of the following

methods.

a) Purifications of RN A by the “chloroform-method”

This procedure was adopted from the method described by Hotchkiss [13] for the
purification of the transforming principle, and slightly modified for our purposes.

To the supernatant obtained after centrifuging the crushed cells an equal volume of
chloroform and 2.5% of the total volume of iso-amylalcohol was added at 0°C. After 10 min.
vigorous shaking the mixture was centrifuged to 3 distinct layers. The bottom layer consisted
of chloroform, the top layer of the water-phase, while the surface-denaturated, precipitated
protein took place in the middle. The nucleic acids were precipitated from the separated
water-phase with 3volumes of ice-cold 96% ethanol. After centrifugation the precipitate was
redissolved in the original volume of saline and incubated with 10 /rg/'ml deoxyribonuclease
at 30° C for 15 min. in order to depolymerise and so remove DNA. The solution was cooled
and the shakingin chloroform and the precipitation by ethanol repeated at least twice more,
to remove proteins (including the added DNA-ase) as completely as possible. Lastly the pre-
cipitated RNA was dissolved in a small volume of 0.9 per cent NaCl. This solution had no
penicillinase activity whatever and contained but traces of protein or DNA, the bulk of it
being RNA (C-RNA).

b) Purification of RNA by the “phenol-method”

The method had been described by Kirby [14] and applied later by Gierer and
Schramm [15] for the preparation of pure TMY-RNA.

The supernatant of the crushed cells was shaken vigorously with an equal volume of
freshly distilled and water-saturated ice-cold phenol, then centrifuged. There were 4 phases
distinguishable. At the bottom of the tube some precipitated material which proved to be
DNA and part of the proteins; these were precipitated by the phenol, on the top of which
could be seen the water-phase. Between the phenol and the water-phase there was another
precipitate consisting of denatured protein. The phenol-phase together with the precipitate
in it was discarded and the water-phase shaken out at least 3 times with fresh samples of
phenol, taking care of keeping the temperature always below 3°C. After discarding the last
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phenol-phase, the water-phase was shaken out 6 times with an equal volume of cold peroxide-
free ether, to remove the phenol dissolved in water. Finally, the ether wasremoved by bubbling
N2gas. The DNA contamination of this RNA (P-RNA) was always below 0.5% as measured
by the indole-method [16].

Experiments and results

C-RNA was prepared from stationary-phase cells of 569/H. The concen-
tration of the RNA was 0.0153 pinole adenine/ml. The 569 cells were grown
to an optical density corresponding to 0.6 mg/ml b. d. w., taken up in saline
and treated with ribonucléase. After thorough washing the cells were resus-
pended in 10 ml of medium, giving a concentration of 1.4 mg/ml b. d. w.

Fig. 1. Effect of C-RNA on penicillinase synthesis of B. cereus 569 cells

At zerotime 1 mlof RNA was added and the first 2 ml sample was immediately
pipetted into 2 ml of ice-cold chloramphenicol solution (50 fig/ml) to stop
protein synthesis. The remaining cell-suspension was shaken at 37°C and
samples were taken every 15 min for assaying penicillinase activity. As can
be seen (Fig. 1) we could detect a considerable amount of newly formed enzyme
after 15 minutes — a phenomenon never occurring after induction with penicil-
lin. This means that the initial lag so characteristic of induced penicillinase
synthesis disappears or at least becomes too short to he detectable.

To establish whether only the RNA possessed the ability of producing
the enzyme-forming effect, after the first chloroform treatment we halved the
water phase (at that time still containing both RNA and DNA) and incubated
one half with DNAse (Fraction R), the other with RNAse (Fraction D),

l*
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using in both cases 10 /xg/ml of the corresponding nuclease at 30°C, for 15
min. Subsequently both fractions were again halved. Half of both fractions
was deproteinized as usual, the other half of Fraction R treated with ribo-
nucléase (Fraction RRNAs), and that of Fraction D with deoxyribonuclease
(Fraction DDNAs), then both were deproteinized. The four fractions were
simultaneously added to 4 samples of RNAse-pretreated cells and penicillinase
formation was followed. Table | shows the results of such an experiment.

Table |
Fractions
D R RDNase DRNase
Minutes
Penicillinase units/ml
0 0 0 0 0
30 0 80 0 0
45 0 160 0 0
60 0 160 0 0

* 0 represents an enzymic activity lower than 10 units/ml.

As can be seen, only the highly polymerized RNA was capable of
“inducing” penicillinase formation, DNA and depolymerized RNA had no
effect.

Up to that point the C-RNA had served quite satisfactorily our purposes,
except that it had to be prepared fresh almost every day, since a considerable
loss of activity occurred on storage at — 10 C after 24 hours and practically
no activity was left after 2 days. Primarily for that reason we tried to prepare
the RNA by a completely different method. We must say at once that from this
point of view we have not had the least success, the P-RNA being even more
unstable than the C-RNA. On the other hand, however, the specific “inducing”
activity of the P-RNA was usually very high as compared with C-RNA.

In the experiments represented in Fig. 2 we used 3 different kinds of the
active principle prepared from the same source. In every case the nucleic acid
content was diluted to the same concentration. In the first series ofexperiments
(Fig. 2a) the final concentration of the added nucleic acids in the reaction
mixture was 3 *HU2 “moles/ml adenine eq., in the second 3 m10“4 pmoles/ml
(Fig. 2b).

Among the 3 preparations P-RNA showed by far the highest specific
activity. Another remarkable finding was the lack of a significant difference
due to the concentrations in the range tested. Addition of 20 pg/ml chloram-
phenicol naturally resulted in complete inhibition of enzyme synthesis.
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Asthe RNA concentration used before was always well above the saturat-
ing level, it seemed absolutely necessary to determine the lowest RNA con-
centration still effective in producing penicillinase synthesis. These experiments
were carried out with a P-RNA (Fig. 3).

In this particular experiment, the saturating concentration of RNA must
have been approximately between 3.2 « 10~4 and 8 « 10~5 /rmoles/m| adenine

Fig. 2. Effect of different RNA-s on penicillinase synthesis

a) Concentration of RNA-s — 3 « 10 ' fxM adenine equ/ml
b) Concentration of RNA-s = 3 « 10 4 u I/ adenine equ/ml

eq. Below that concentration the activity of the RNA seemed to run more
or less parallel with the dilution.

Though in this paper our main purpose was to present the proofs of the
active principle being in fact an RNA, and that its specific activity
depends to a great extent upon the method used for obtaining it, we
think it necessary to mention that the effect seems to be an extremely
complex one. There are many known, and even more as yet unknown, factors
influencing the success or failure of the given experiment. We cannot discuss
the details of these aspects here. The only point we wish to call attention to is
the composition of the medium in which penicillinase synthesis takes place.
A substantial difference may be observed both in kinetics of the formation
of the enzyme, and ofthe amount formed depending upon the source of protein
building blocks (i. e. peptone, casein hydrolysate or broth), and upon the
concentration of certain ingredients, for instance citrate. It needs further
study to analyse these environmental effects, from the very beginning of the



176 V. CSANYI, M. KRAMER and F. B. STRAUB

cultivation of both the donor and the receptor cells until the composition of
the reaction mixture. We know very little about these, but have observed
that seemingly unimportant environmental changes can cause remarkable
effects.

log molar cone, of RNA (adenine equiv.)
inthe incubation mixture

Fig. 3. Effect of P-RNA in different concentrations. The penicillinase values were estimated
after 40 min. incubation with the amount of RNA/mI represented on the abscissa. — 569
cell concentration: 0.4 mg/ml b. d. w.

Discussion

The role of RNA in the synthesis of proteins (and particularly ofenzymes)
has been one of the main subjects of biochemical investigation and discussions
since the classical discoveries of Brachet [17] and Caspersson [18]. But in
spite of many efforts, of the wide variety of the different systems and
techniques used by a great number of authors, there is so far no unequivocal
concept about the relationship between the synthesis of the two biologically
most important polymers and the specific part one of them plays in the
production of the other. Our experiments do not tell us anything about the
mechanism involved in the formation of enzymes in general, or even that of
penicillinase in particular. However, they tell us at least one thing which
earlier has not been established, that specific RNA can play an important,
indeed indispensable, role in the course of building up specific inducible en-
zymes. It hasbeen known for long that specific RNA-s can act as genetic factors
and so determine a number of specific proteins — as they do in the case of
TMV—RNA [19]. Still, in that case one may rightly assume many inter-
mediary substances and steps between the genetic factors itself and its pheno-
typical expression, i. e. the specific set of virus proteins formed under the
influence of TMV—RNA. In our experiments the case was clearly different.
The added specific RNA had no genetic influence, the receptor 569 cells re-
covered after the experiments were just as inducible as they had been before
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and even their basal enzyme level did not seem any higher than that of normal,
untreated, inducible cells. The RNA here must act somehow directly on the
process of synthesis of at least one particular protein, namely penicillinase.
How it works, we do not know as yet. The most plausible hypothesis is that it
takes some part in the process as a specific template by arranging the amino
acids to their proper place in the polypeptide chain. Only one fact is quite
certain: that this RNA acts completely specifically, it cannot be substituted
either with DNA or degraded RNA extracted from the same organism, or by
native RNA obtained from the organisms so far tested (uninduced 569, yeast,
E. coli). The other remarkable thing about the phenomenon is that the added
RNA is capable of exerting its full effect at an extremely low concentration.
Calculating on the basis of the experiment represented in Fig. 3, and on an
assumed molecular weight of one million for the RNA, the amount still giving
rise to a considerable penicillinase formation must be as low as approximately
10~3 *g/ml RNA = 10~10M — 1013 molecules of RNA. We know furthermore
from other experiments aimed at following the fate of added RNA in the recep-
tor cells (the detailed results will be published later) that the cells take up but
a small fraction ofthe added RNA, approximately 10_12 M, i. e. 1011 molecules
when the number of viable cells/ml is about 108—109. So the number of RNA
molecules per cell might be in the order of 102—103. Taking in account the
amount of penicillinase formed under such conditions we have to assume that
the specific RNA must act catalytically.

As far as the RNAsetreatment is concerned, we still do not know any-
thing about its function — except, of course, that it is indispensable. In the
light of the “repressor model” hypothesis of inductive enzyme synthesis [20]
according to which the repressor present in inducible cells only is supposed
to be an RNA [21] we might perhaps assume that the RNAse acts by destroy-
ing the repressor on the one hand, and a number of other RNA-s necessary
for penicillinase synthesis on the other, so that the RNAse effect might be
much more important and specific than we had first believed. Experiments
to prove this possibility are in progress in our laboratory.
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Metabolism in vitro of hydrocortisone in dog, cat, rat and guinea pig liver tissue
has been investigated. It has been found that the liver is capable of transforming
hydrocortisone into less polar free 14-3-kelo corticosteroids.

The transformations observed are as follows.

(i) Production of corticosterone through 17-a-dehydroxylation.

(if) Appearance of Reichstein’s S compound through I1l-/?-dehydroxylation.

(iii) Conversion of corticosterone into 11-dehydrocorticosterone. This reaction
is catalyzed by Il-/)-dehydrogenase and is lacking in guinea pig and cat livers.

(iv) On the effect of 11-/3-dehydrogenase, hydrocortisone is metabolized into
cortisone.

Numerous studies in the past years have revealed the liver to be the main
centre of peripheral corticosterone metabolism. It has been stated that, with
the concomitant disappearance of its biological activity, hydrocortisone is
metabolized in rat [1, 2], guinea pig [3] and dog [4, 5] liver into (i) di- and
tetrahydrocortisol by reduction of the ring A; (ii) 17-keto-derivatives by
splitting of the side chain attached to carbon atom 17; and (iii) to a lesser
extent, into M4-pregnene-11,17,20,21-tetrole-3-one (Reichstein’s compound
E) by reduction of the keto group C-20. At the same time, it has been demon-
strated by Martin et al. [6] in this laboratory that hydrocortisone is rapidly
transformed by the liver into less polar corticosterone, but with the zl4-3-keto
structure, unchanged, thus with the maintenance of the biological activity.

The present paper deals with experiments showing liver tissue in vitro
to be capable of transforming hydrocortisone into less polar free zl4-3-keto-
corticoids.

Methods

Liver tissue freshly removed from rats, guinea pigs, cats and dogs of both sexes was
homogenized or cut into 3 to 5mm slices. Ten g of such tissue was incubated at pH 7.4 in 40
ml Krebs—Ringer-bicarbonate buffer containing 100 mg glucose per 100 ml, 9 « O-4 ™M
ATP and 1 +10“2M nicotinamide. Hydrocortisone acetate (Richter) was added in an amount
of 25 mg per 10 gm tissue and the oxygenated mixture was incubated at 37°C for 180 minutes.
After the incubation period the proteins were removed by precipitation with 2 volumes of
acetone. This was then evaporated under reduced pressure, followed by extraction of the
free corticoids with a 2 : 1 mixture of ether and ethyl acetate. The solvent phase was washed
with 0.1 N sodium carbonate and distilled water. Partition was made in a 1:1 mixture of
70 per cent ethanol and benzene-petrolether [7]. Separation and identification of free corti-
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coids were performed by paper chromatography, both according to the procedure of Burton,
Zaffaroni and Keutmann [8] using benzene-formamide, and employing the system B6
of Bush [9]. ldentification and quantitative determination were made as follows.

(i) Presence of the zI4-3-keto group was demonstrated by the alkaline fluorescence
method of Bush [9]. The same method, with its accuracy of 15 per cent and sensitivity of 0.5
/ag served for semi-quantitative determination.

(ii) The a-ketol side chain of carbon atom 17 was demonstrated by the tétrazolium
blue reduction test.

(iii) Compounds reducing tétrazolium were microeluted and the degree of reduction
was quantitatively determined [10].

(iv) The keto group 17 was demonstrated by the m-dinitrobenzene colour reaction.

(v) Finally, the R/ values of individual components were compared to those of the
crystalline standard preparations.

Results

In the native state, dog and cat livers contain very little hydrocortisone
and corticosterone. On the contrary, corticosterone was demonstrated to be

pg/KOO tissue pg/WOqtissue
ft ft i ft_ ft
CpdF CpdB CpdF 0  CpdB
A)

Fig. 1. Chromatographic pattern of native (A) and incubated (B) liver in benzene-formamide
system

Column with horizontal lines = dog
Column with oblique lines = cat
White column = guinea pig

Dark column = rat

present in the liver of the rat, and hydrocortisone in that of the guinea pig.
After incubation for 180 minutes, the qualitative pattern did not show any
change, but the amounts of demonstrable compounds decreased owing to
their inactivation by the tissue (Fig. 1).

After incubation of 25 mg hydrocortisone with 10 g liver tissue, the
benzene-formamide system revealed 6 new compounds in the dog and rat,
and 5 in the cat and guinea pig (Fig. 2).
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Among the corticosteroids investigated, hydrocortisone was the most
polar compound. The component lying above hydrocortisone showed positive
alkaline fluorescence and was reducing tétrazolium, but failed to give the
m-dinitrohenzene colour reaction. As judged from its R/ value, this compound
was cortisone. The third component had a Z4-3-kcto structure and reduced
tétrazolium; it was identical with [Il-desoxy-17-hydroxycorticosterone,

pg/10g iissue

loo 000 ft

CpdF  CpdC ReichsternS  CpdB CpdA X

Fig. 2. Incubation of 10 g livei with 25 mg hydrocortisone. Chromatographic pattern in
benzene-formamide system.

Thick column with oblique lines shows the ground substrate. For further explanations see Fig. 1

Reichstein’s compound S. The fourth compound immediately above this also
contained the "d4-3-keto, a-ketol side chain; this compound was identical with
corticosterone. The fifth component was not found but in the dog and rat;
it was 11-dehydrocorticosterone, showing alkaline positivity, reducing tétra-
zolium but not reacting with m-dinitrobenzene. The sixth component — so
far unidentified — was found in all species investigated. It had an R” value
of 0.56, was of the zl4-3-keto structure, failed to reduce tétrazolium, and gave
no reaction with m-dinitrobenzene.

Analysis of the qualitative pattern described showed that 180 minutes
incubation led to complete deacetylation of the hydrocortisone added, as the
R™ values obtained after acetylation of either hydrocortisone or other compo-
nents were not identical with those observed immediately after incubation.
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Quantitative determinations revealed the main component arising in the
course ofhydrocortisone transformation into less polar derivatives to be corti-
costerone. This compound formed the bulk of the new derivatives, amounting
to 30.7 per cent in the dog, 64.1 per cent in the cat, 52.3 per cent in the

guinea pig, and 44.4 per cent in the rat.
No qualitative difference in metabolizing of the added hydrocortisone

}ig/10g tissue m
3000-
2800-
2600-
2400-

P'9
Fig. 3. Ratio of /14-3-keto compounds less polar than hydrocortisone to the total amount
of metabolites produced during incubation.
Dark column  le3s polar 1-3-keto-teroids: white column = other metabolites

was found between liver slices and liver homogenates, nor concerning the
quantitative aspects.

After separation in the system B5 of Bush, the biologically inactive
components were also determined. Comparing the amount of total metabolites
found to the amount of the part showing biological activity, about 20 per cent
of the total free metabolite content consisted of biologically active derivatives

(Fig. 3).
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Discussion

Liver tissue is capable not only of inactivating corticosteroids, as it was
described in the review of Caspi and Hechter [11], but also of producing
from hydrocortisone some less polar A4-3-keto compounds, among which some
biologically active components, too, may occur. According to our studies,
essential in this transformation is the 11-/3 and 17-a-dehydroxylation. Split-
ting of the 17-a-hydroxyl group of hydrocortisone is shown by the appearance
of corticosterone, the IlI-/3-dehydrogenase-catalysed [12] transformation of

Fig. 4. Transformation of hydrocortisone into less polar free I'-keto derivatives. The conver-
sion shown with dotted line occurs only in dog and rat liver

which into 11-dehydrocorticosterone was demonstrated by several authors [135
14]. It is remarkable that this transformation is observable only in the rat
and the dog, and not in the cat or the guinea pig. The appearance of 11-
desoxy-17-hydroxycorticosterone, Reichstein’s compound S, is indicative
of 11-/3-dehydroXylation. Whether these dehydroxylations are due to specific
11-/3- and 17-a-dehydroxylating enzymes must be decided by further experi-
ments. Quantitative studies have shown the main direction in the transforma-
tion to be the 17-a-dehydroxylation resulting in the appearance of cortico-
sterone. This transformation is especially marked in the cat, where cortico-
sterone amounts up to 64.1 per cent of the biologically active corticosteroids.

Based on the above experimental data, the hepatic transformation of
hydrocortisone into less polar, biologically active corticosteroids is supposed
to be running in the way illustrated in Fig. 4.

Determination of the free total metabolites indicates the main direction
of liver function to be the biological inactivation [15]. However, the above
demonstrated metabolites, too, may play a decisive part in the biological
action of corticosteroids.
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Cortisone is metabolized in the liver in vitro into less polar, biologically active
corticosteroids.

The transformations observed are as follows.

(i) Production of 11-dehydrocorticosterone through 17-a-dehydroxylation.

(ii) Appearance of Il-desoxy-17-hydroxycorticosterone through splitting of
oxo-group 11. This conversion occurs only in the dog.

(iii) As an effect of 11-hydrogenase, hydrocortisone is produced, which may
enter further transformations.

When given orally, cortisone acetate loses a considerable part of its
effectiveness. This therapeutic observation called attention to the decisive
part of liver tissue in peripheral cortisone metabolism. As stated by Caspi and
Hechter [1,2], de Courcy etal. [3,4] and Tomkins [5], cortisone isinactivated
in the liver, with the concomitant disappearance of its biological activity.
The main features in this transformation are (i) saturation of the ring A; (ii)
splitting of the side chain 20—21 into 17-keto-group; (iii) hydrogenation of
the oxo-group C-20,a change resulting in A4-pregnene-17,20,21-triole-3,ll-one
(Reichstein’s compound U). At the same time it was demonstrated by
Martin et al. [6] that, within a short period of time, corticosterone — a less
polar zJ4-3-keto derivate — appears during the utilization of cortisone. Our
own studies have shown that liver tissue was capable of transforming hydro-
cortisone into less polar /14-3-keto compounds.

The present paper deals with the metabolism in vitro of cortisone acetate
n liver tissue of various animals.

Methods

Liver slices and homogenates from dog, cat, guinea pig and rat of both sexes were
incubated in Krebs-Ringer bicarbonate buffer (pH 7.4) at 37°C for 180 minutes. The incuba-
tion medium contained 100 mg per cent glucose, 9 « 10™1M ATP and 1 « 10~2M nicotinamide.
Cortisone acetate (Organon) served as substrate, in an amount of 25 mg per 10 g tissue.
Extraction and purification of free corticosteroids was performed according to the procedure
previously described [7].

Separation and identification of corticoids was performed by means of paper chroma-
tography. The benzene-formamide system of Burton, Zaffaroni and Keutmann [8] as well
as the system B5 of Bush [9] using benzene-methanol-water were employed.

Identification and quantitative determinations were made as follows.

(i) The R/ values of individual components were compared with those of crystalline
standard preparations.
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(ii) zIJ-3-keto structure was demonstrated by the alkaline fluorescence method of Bush

9], in TJV light of 254 m/j.. This method served also for semiquantitative determination.
g | q

(iii) The a-ketol side chain was demonstrated by means of tetrazolium-blue reduction.

(iv) Tétrazolium reduction was quantitatively measured after microelution [10] (Pul-
frich photometer, wave length 520 m/u).

(v) 17-keto group was demonstrated by means of the m-dinitrobenzene colour reaction.
(vi) Acetylation of extracts and standard compounds was made in a medium containing
anhydrous acetic acid and pyridine (deCourcy et al. [3]).

Results

After incubation of 10 g tissue with 25 mg cortisone acetate, four Al
keto dérivates appeared in the guinea pig liver, 5 components in the rat and
cat liver, and 6 compounds in the dog liver. In these experiments, the benzene-

pa/to g tissue

tft tAR L

CpdF CpdeE  fieichsteinS CpdB  CpdA a=

Fig. 1. Incubation of 10 g liver tissue with 25 mg cortisone. Chromatographic pattern in
benzene-formamide system

Thick column with oblique lines = ground substrate
Column with horizontal lines = dog

Column with oblique lines = cat

W hite column = guinea pig

Dark column —rat

formamide system was used (Fig. 1). The most polar compound was hydro-
cortisone, showing positive alkaline fluorescence and tétrazolium reduction.
Immediately above the hydrocortisone, one sees the substrate investigated,
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i. e. cortisone. The third compound containing z43-keto group and reducing
tetrazolium-blue proved, on the basis of the R/values, identical with 11-des-
oxy-17-hydroxycorticosterone, the Reichstein’s compound S. This derivative
occurred only in the dog liver. The component lying above Reichstein’s
compound S showed alkaline fluorescence and reduced tétrazolium; it was
identical with corticosterone. The least polar ,d4-3-keto derivative of this
scries was a so far unidentified compound; it failed to reduce tétrazolium
and gave no colour reaction with m-dinitrobenzene. This compound did not
occur in guinea pig liver.

In order more exactly to identify the compounds demonstrated in the
formamide-benzene system, the system B5of Bush was used. It was found that,
as far as the R/ values are concerned, the above derivatives behaved exactly
as the standards.

Cortisone acetate was completely deacetylated in the course of incuba-
tion, as shown by the finding that its R/ value was different from those of the
acetylated standard preparations. For control, some of our extracts were
subjected to acetylation. The R/ values of these acetylated derivatives were
not identical with those of the pure crystalline standards.

As to the quantitative aspects, among the less polar compounds originat-
ing from cortisone 11-dehydrocorticosterone appeared in largest amounts.
An especially marked predominance of 11-dehydrocorticosterone was observed
in guinea pig and rat livers; in these species, the compound amounted to
90.9 and 66.8 per cent, respectively ofthe total amount of less polar derivatives.
The ratio was 34.7 per cent in the dog. In this animal, Reichstein’s substance
S, too, occurred in great amounts.

In the cat 11-dehydrocorticosterone amounted to 32.9 per cent, but the
bulk, 56.3 per cent, of the compounds present, consisted of compound X.

The amount ofthe compounds produced was practically the same whether
tissue slices or tissue homogenates were incubated with cortisone. Neither
quantitative nor qualitative differences were noted between male and female
animals.

When all hitherto known metabolites of cortisone are considered, the
metabolic pathway described by us accounts for some 20 per cent of the
total amount of derivatives (Fig. 2).

Discussion

As demonstrated in our studies in vitro, in the liver of various animal
species cortisone undergoes a change resulting not only in biologically inactive
compounds, but also in less polar A4-3-keto derivatives. Enzymatic conversion
of cortisone into 17-hydroxycorticosterone was demonstrated by Fish and
HUBENER [11, 12]. This conversion catalyzed by IlI-/3-hydrogenase calls

2 Acta Physiologica W ill'!.
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attention to the fact that some of the compounds appearing in the course of
cortisone metabolism do not originate immediately from cortisone, but from
its chief metabolite, hydrocortisone. !
11-dehydrocorticosterone is produced in much greater amounts from
cortisone than from hydrocortisone. Together with our earlier finding [7]
that during hydrocortisone metabolism 11-dehydrocorticosterone appears only

€00-
750-
700-
650-
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550-
500-
450-
400 -
350-
300-
250-
200.
150-
100.-

llog cat guinea rat

pig
Fig. 2. Ratio of total zH-3-keto corticoid metabolites

Dark column —free /14-3-keto compounds
White column = free metabolites

in dog and rat livers, the above finding indicates that Kendall’s compound
A can be produced directly from cortisone through 17-a-dehydroxylation.
This is supported by the observation that corticosterone production markedly
decreases during cortisone metabolism, a fact indicating that the compound
originates partly from dehydrocortisone and partly from 11-dehydrocortico-

sterone [12].
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Production of ll-desoxy-17-hydroxycorticosterone (Reichstein’s com-
pound S) occurred only in the dog liver. Accordingly, this type of metabolic
conversion, i. e. the splitting of the 11-oxo group, represents a transformation
characteristic of the species.

Based on the above as well as earlier data [7, 11, 12], the transformation
of cortisone into less polar, biologically active A4-3-keto corticoids may be
supposed to run in the way shown in Fig. 3.

The results of quantitative tests showed no significant difference be-
tween male and female animals. However, the sexual difference found by

Fig. 3. Transformation of cortisone into less polar /14-3-keto derivatives
The conversion shown with dotted line occurs only in the dog

Yates et al. in the grade of inactivation makes further studies necessary, in
order to decide whether or not the production ofless polar compounds depends
on sexual differences.
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THE PHOSPHORYLATION
OF ADENOSINE DIPHOSPHATE AND GLUCOSE
IN ISOLATED BRAIN MITOCHONDRIA
AT DIFFERENT OSMOTIC CONCENTRATIONS

By

A. Fonyoé and J. Somogyi
EXPERIMENTAL RESEARCH LABORATORY, MEDICAL UNIVERSITY, BUDAPEST

(Received June 26, 1960)

ADP phosphorylation is not demonstrable in isolated brain mitochondria exposed
to isotonic incubation. On hypotonic incubation the ADP becomes phosphorylated.

In the preparations in which a lack of phosphate acceptors limits oxidation,
respiration is increased by ADP in hypotonic reaction mixtures only.

There is phosphorylation also under isotonic conditions with the hexokinase-
glucose trap. When hexokinase is used in limiting quantities, phosphorylation is more
intensive under hypotonic than under isotonic conditions. The difference decreases
when the amount of hexokinase is increased. Hexokinase increases respiration also
under isotonic conditions.*

The isolated mitochondria which have retained their original morpho-
logical properties in the course of preparation are in several biochemical reac-
tions inactive compared to those that have undergone a change [1]. Mito-
chondria, which morphologically are not completely intact, when isolated
and incubated in approximately isotonic media become capable of performing
certain enzyme reactions only after their structure has been loosened up.
Thus, they do not oxidize Viith phosphorylation the DPNH added externally
[2]; moreover, even DPNH oxidation is reduced to a minimum when prepar-
ation has been suitably careful [3]. After hypotonic swelling of the mitochon-
dria, oxidative phosphorylation is demonstrable also with external DPNH.
This effect is to a certain extent analogous with the “opening phenomenon”
observed in various mitochondrial fragments; in the partially intact structure
certain added reaction intermediaries do not react until the structure has been
broken up further. The electron transport particle isolated in Green’s labora-
tory that oxidizes succinate in the presence of oxygen does not reduce the
added cytochrome cin the presence of succinate, nor does it catalyse oxidation
of the reduced cytochrome c. After treatment with deoxycholate the extrinsic
cytochrome c takes part in both reactions [4]. The intermediaries reacting
in the bound form do not seem to react in the intact structure.

*The following abbreviations are used in this paper:

DPNH: reduced diphosphopyridine nucleotide

DPN : oxidized diphosphopyridine nucleotide

ATP: adenosine-S’-triphosphate

ADP: adenosine-5’-diphosphate

EDTA: ethylene diamine tetraacetate
Tris: tris (hydroxymethyl) aminomethane
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In the oxidative phosphorylation of mitochondria hound adenine nucleo-
tides are taking part [5]. According to our present results, an effect similar
to the “opening phenomenon” is observable during the phosphorylation of
exogenous ADP.

Methods

Preparation of brain mitochondria

Albino rats were killed by decapitation and the cerebral hemispheres were removed
and cooled to 0° Cin the homogenizing medium. Four brains were worked up at a time. Homo-
genization was performed in a plexiglass-glass Potter-Elvehjem apparatus for 90 seconds.
The homogenizing medium consisted of 0.25 M sucrose, 0.001 M EDTA and 0.01 M Tris,
with a pH between 7.2 and 7.4. The volume of the homogenate was adjusted to 46 ml with
the medium. Fractionation was carried out by 2 procedures, in a MSE refrigerated centrifuge
at 0 to -j- 2°C (superspeed head).

W ith either procedure cellular detriments, erythrocytes, nuclei and fibres were removed
by centrifugation at 1150 g for 10 minutes. The supernatant was centrifuged at 12 650 g for
15 minutes, thus causing the mitochondria to settle; they were then fractionated by the follow-
ing 2 procedures.

The sediment homogenized in about 16 ml of pure 0.25 M sucrose was centrifuged for
5 minutes at 16 500 g. In this case the supernatant was definitely turbid and contained lesioned
mitochondria, as well as a fraction now under identification. The sediment (mitochondrium
fraction “A”), which was still contaminated with the fraction settling at a lower rate, contained
the mitochondria. The mitochondria were suspended in 8to 13 ml ofa 0.25 M sucrose solution.
The suspension contained about 2 mg of total nitrogen per ml.

The other procedure yielded a purer mitochondrium suspension. The sediment centri-
fuged at 12650g was homogenized as described above in about 16 ml of 0.25 M sucrose and
centrifuged at 12 650 g for 10 minutes. The loose upper layer of the sediment was washed with
sucrose and decanted, the more compact lower portion was homogenized again in sucrose
and centrifuged for 10 minutes at 16 500 g. The loose upper part was washed again as described
above and the compact sediment (mitochondrium “B”) was suspended in about 6 ml of 0.25
M sucrose. The total nitrogen concentration of the suspension was around 0.6 mg per ml.
The mitochondrium yield was less than with the former method, but the preparation was
purer.

Oxidation was measured by the usual Warburg method, at 30°C, in air atmosphere,
after allowing 10 minutes thermal equilibration period. The standard reaction mixture had the
following composition: sodium pyruvate, 10 mM; sodium fumarate, 1 mM; MgCI2, 5 mM;
DPN, 0.2 mM; NaATP, 1 mM; sodium phosphate, 6.6 to 11 mM; sucrose. 42 to 250 mM.
The 250 mM sucrose solution was accepted as isotonic.

When measuring phosphorylation, the contents of the Warburg vessels were depro-
teinized with trichloroacetic acid either after constancy of temperature had been attained or
oxidation had been measured. The inorganic phosphate concentration of the filtrate was esti-
mated by the method of Lohmann and Jendrassik. [6].

M aterials

Pyruvic acid was converted to sodium pyruvate after distillation in vacuo and was
used after three recrystallisations. Fumaric acid was converted to fumarate after two recry-
stallisations, immediately before use. Sucrose of analytical purity was used after recrystalli-
sation from ethanol.

The commercial ATP (Jlichter, Budapest) was purified by means of Amberlite IRA 410
ion exchanger; it was stored partly in the form ofits sodium salt and partly as Ba-salt,converted
to the Na-salt prior to use. Immediately after preparation the compound proved to be pure
by paper chromatography; a few months later it contained a small amount of ADP.

The ADP used was partly aproduct of VEB Feinchemie, Berlin, and partly a preparation
purified on Dowex 1 ion exchanger and found to be pure by paper chromatography.

DPN was obtained from the Reanal Laboratories, Budapest, and was of 70 to 75 per
cent purity.
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The yeast-hexokinase was prepared by the method of Berger el al., slightly modified
by us. Purification was continued until fraction 3/a had been obtained [7]. The method of
assay was that described by Bailey and Webb [8]. One unit transferred 1 mg of phosphate
from ATP to glucose in 1 hour.

The other chemicals used were of commercial reagent-grade quality. We employed
glass-distilled water throughout our experiments.

Results

According to our experiments a net phosphorylation of ADP in brain
mitochondrial preparations was demonstrable in the presence of fluoride only.
Even under such conditions the value of P/0 was low, ATPase activity not
being completely blocked by fluoride.

As visibe in Table I, the more hypotonic the reaction mixture, the larger
was the quantity phosphorylated in the presence of ADP. Phosphorylation
decreased with the increase of sucrose concentration. There were differences
between the single preparations; some of them showed minimum phospho-
rylation even in the presence of 250 mM sucrose, whilein others no disappear-
ance of phosphate was any longer demonstrable at a sucrose concentration
of 175 mM. However, in every experiment the phosphorylated quantity was
the greatest when the medium contained 42 mIVT of sucrose, in spite of the
fact in that instance the ATPase activity was somewhat higher than at higher
concentrations.

The brain mitochondrium preparations were contaminated with variable
amounts of ATPase, which could be activated by Mg++.When contamination
was heavy, the respiration of fluoride-treated brain mitochondria only could
be enhanced with phosphate acceptor. ADP was capable to enhance respiration
considerably under definitely hypotonic conditions only; at higher sucrose
concentrations there was practically no increase (Fig. 1). When contamination
with ATPase was slight (preparation “B”), the ADP acceptor effect was demon-
strable similarly even without fluoride* (Fig. 2).

The mitochondrium prepared and incubated under isotonic conditions
is more likely to approach morphologically intracellular mitochondria than that
exposed to hypotonic swelling. It is therefore conceivable that the extrami-
tochondrial free ADP does not react on phosphorylation within the cell,
in vivo. On swelling the mitochondrium may “open up” also for the extra-
mitochondrial ADP.

Hexokinase-glucose trap for phosphorylation

The question has arisen whether the ~ P generated intramitochondrially
under the above experimental conditions could be enzymatically transferred
extramitochondrially, when the phosphorylation of free ADP is markedly
restricted.



Table |

Sucrose

mM 42 108
Experti- Without ADP With ADP Without ADP With ADP Without ADP With ADP Without ADP With ADP
men

No. A0 AP AO AP AD AP AO AP AO up AO AP AOQ AP no AP
1. - 278 - - 6.21 - 341 - - _ _ 2.93 - 237 - 1.38 _ - 163

2. - 468 —0.07 - 576 - 443 - 385 - 0.16 - 3.70 - 261 2.98 0.19 2.71 0,60 - — —

3. - 348 - 0.10 - 569 - 457 - 368 - 0.76 - 3.35 - 2.78 2.44 0.84 - 154 _

Oxidation and phosphorylation of fluoride-treated mitochondria
with and without ADP.
A O: uAwT AP: fiMol. 15-minute measurement.
Reaction mixture: sodium pyruvate, 10 mM ; sodium fumarate, 1 mM ;
Na-ATP, 1mVi; DPN, 0.2 mM ; MgCI2,5mM ; NaF, 40 mM ;
Na-phosphate, 6.6 mM. pH: 7.2.
Sucrose: as indicated. Volume 3.00 ml.
ADP: where indicated, 6.6 mM.
Preparation mitochondrium “A”, 0.50 ml

IAD0NOS ' ['ue QANOS ~
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Fig. 1. Oxidation of sodium fluoride-treated brain mitochondria after adding ADP
Abscissa: time. Ordinate: 0 2consumption /il: at 20 minutes 20 /nmoles ADP was added

to the mixture from the side vessel. 1, 3, without ADP. 2, 4, with ADP. 1,2, 250 m1/; 3, 4, 42

mM sucrose concentration. Sodium fluoride; 40 vaM. Mitochondrium preparation “A”

Fig. 2. Effect of ADP on the oxidation of brain mitochondria without treatment with
Ordinate: 02-comsumption in //1; At the onset of measure-

sodium fluoride. Abscissa: time.
ment 15 m moles ADP were added from the side vessel to the mixture. 1. 3, without ADP. 2, 4,

with ADP; 1,2,250 mM; 3, 4, 42 mM sucrose concentration. Mitochondrium preparation “B*



196 A. FONYO nnd J. SOMOGYI

When measuring phosphorylation in the presence of hexokinase and
glucose, oxidative phosphorylation could be demonstrated also under isotonic
conditions. The intensity of oxidation and phosphorylation depends on two
factors, viz. the osmotic concentration of the test medium and the quantity
of hexokinase employed. Under hypotonic conditions even 0.05 ml (about
1 unit) of hexokinase produced maximum oxidation and phosphorylation.
The same small amount of hexokinase ensured weaker oxidation and phospho-
rylation under isotonic conditions. As owing to the presence of ATPase, respi-
ration was not completely controlled, the P/O value was also lower.

Under hypotonic conditions, the twofold or fourfold increase of the initial
amount of about 1 U of hexokinase did not increase either oxidation or phos-
phorylation. On the contrary, it often caused a decrease, apparently due to
the complete ATP deficiency produced [9]. When under isotonic conditions the
hexokinase concentration was increased in the same measure, both phospho-
rylation and oxidation increased. The value of P/O was increased simultane-
ously or, ifit had been high, it remained unchanged (Table I1).

Discussion

The above results substantiate our hypothesis that in vivo it is not the
extramitochondrial nucleotides that are phosphorylated in the first place,
but the enzymes functioning with ~ P (such as e.g. hexokinase) react with
the ATP generated in the mitochondrial cristae and transfer its terminal phos-
phate to outside the mitochondrium. The hypothesis needs further confir-
mation.

Swelling of the mitochondria both in the isolated state and in situ
may increase the yield of oxidative phosphorylation. This is due partly to the
extramitochondrial nucleotides being phosphorylated directly and partly to
the condition favourable for the enzyme taking part in phosphate transfer.

It was remarkable that the hexokinase ensuring optimal phosphorylation
under hypotonic conditions did not suffice to cause a transfer of the actually
phosphorylated quantity on the basis of analytical data. The endogenous
hexokinase of the mitochondria does not explain the difference. According
to Siekewitz and Potter [10], owing to the favourable steric and concentra-
tion relations the hexokinase adsorbed onto the mitochondria is more active
that the freely-dissolved hexokinase. The presence of mitochondrium-bound
hexokinase demonstrated by Crane and Sols [11] might have also been due
to adsorption. This may play a role in ensuring mitochondrial phosphate
transfer.

Adsorption and a loosening-up of the structure make it possible that
under hypotonic conditions the hexokinase requirement of the system is mini-



Table 11

Sucrose

mM 42
hexokinaee ml

Expe-
riment 0.05 0.10 0.20 0.05
No.

AO AP PIO AO AP P/O A0 AV P/O A0 AV PO AO
l. 6.40 16.15 2.52 590 15.20 2.58 5.66 14.38 2.54 2.25 3.61 1.60 3.32
2. 429 12.40 2.89 3.44 950 2.76 356 8.14 228 1.44 187 1.30 1.93
3. 5.73 — - — — — 5.75 N — 1.87 4.13 2.20 3.32

Oxidation and phosphorylation of mitochondria in the

presence of hexokinase-glucose system.

AO: ftAtom "P:fiMol. 15-minute measurement.

Reaction mixture: Sodium pyruvate, 10 m f; sodium fumarate, 1 mM ; Na-ATP, 1 vaM ;
DPN, 0.2 mM ;MgCI2 5 m | ;

NaF, 40 mM; Na-phosphate, 6.6 to 11 mM ; glucose, 16 mif.

pH 7.2.

Sucrose, hexokinase as indicated.

Mitochondrium preparation “A”, 0.50 ml

250

0.10

AP

5.67

2.80
7.22

P/O

1.71
1.45
2.18

AO

3.73
2.24
3.74

0.20

AV

7.58

3.71
8.10

P/O

2,03
1.65
2.17

J1VHdSOHdIA INISONIAY 40 NOILVIAYOHdSOHd IHL
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mal. The site of phosphorylation is not only the outer membrane of the mito-
chondrium, but also the intramitochondrial cristae, which are of the same
structure. The hexokinase must enter the mitochondrium, and this is pro-
moted by the hypotonicity. Under isotonic conditions the hexokinase re-
quirement is higher. Adsorption might be weaker in the intact structure and
entering of the hexokinase into the mitochondrium is probably interfered with.
A high hexokinase concentration may make up for the defective adsorption
and may at the same time create favourable permeability conditions.

Our preparation possessed some endogenous hexokinase activity, but
this did not suffice to ensure a significant degree of phosphorylation.

The increase of phosphorylation caused by the increase of hexokinase
concentration under isotonic conditions cannot be explained by ATPase
competition alone. In the latter case respiration would not change. As respi-
ration increased with the increase of hexokinase, and in some experiments
an increase of oxidation and phosphorylation occurred even when the P/O
was unchanged, we feel inclined to attribute a primary importance to the effect
providing for the phosphate acceptor. At the same time, in some experiments
the low and increasing P/0 values were suggestive of some ATPase compe-
tition.
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HEXOKINASE ACTIVITY DURING GLUCOSE

ABSORPTION
By
l. Fenér, |l. Dési and K. Szalai

INSTITUTE OF PATHOPHYSIOLOGY, MEDICAL UNIVERSITY, BUDAPEST
(Received March 19, 1960)

Experiments in nephrectomized rats showed no parallelism between hexokinase
activity and the absorbed amount of glucose.

The mechanism of selective sugar absorption is an old and unsolved
physiological problem.

According to Verzar’s phosphorylation theory the absorption rate is
determined by the rate of phosphate-ester formation. Thus hexokinase activity
would be an important condition of sugar absorption. This hypothesis was
supported by the experiments of Hele [3], Csaki [2], Bisegger and Laszt [1]
and of others who found a parallelism between the phosphorylation rate of
different sugars in the intestinal epithelium, homogenisate and their absorp-
tion rate in vivo. The increase of phosphor esters in the intestinal epithelium
during sugar absorption also supports the phosphorylation theory [4].

Sots [6, 7] and others, using an improved method of hexokinase deter-
mination obtained opposite results. They demonstrated that the most quickly
absorbed sugar — galactose — is phosphorylated rather slowly, whereas the
slowly absorbed 2-deoxyglucose is phosphorylated rapidly.

In the course of some previous examinations we found hexokinase
activity in the intestinal epithelium of nephrectomized rats to vary between
very wide ranges. Therefore such animals were considered to be well suited
for studying in them the relationship between hexokinase activity and sugar
absorption.

Methods

Male and female rats of the same breed, weighing 120 to 150 g each, were used. Feed-
ing was stopped 24 hours prior to operation. Nephrectomy was performed lumbally under
nembutal anaesthesia. After further 48 hours’ fasting the cardia and the coecum were ligated
and the upper and lower ends of the small intestine were cannulated and washed thoroughly
with physiological saline solution. Subsequently 5 ml of isotonic glucose solution (275 mg
ofglucose) was injected into the gut. After 30 minutes the sugar was washed out and the amount
of residual sugar was determined. A 10 cm long section of the upper duodenum was removed,
placed immediately into ice-cold water, washed, and the mucosa was scraped off. Hexokinase
activity was determined by the method of Sols [6]. In an ice-cold solution containing 0.26 M
mannitol, 0.005 M neutralized EDTA and 0.002 M thioglycolic acid, a 10 per cent suspension
was made of the mucosa. 0.2 ml of this was put into 0.3 ml of a substrate mixture containing
3 (jIM glucose dissolved in a pH 8 veronal buffer with 0.01 M ATP and 25 (jiM NaF. After 15
minutes’ incubation at 25°C the reaction was stopped by adding 0.5 ml saturated Ba(OH)2.
The amount of sugar was determined according to Hagedorn and Jensen.
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Results

The values for hexokinase activity and glucose absorption obtained
from the same animal are recorded in the same row (Table I).

No correlation existed between hexokinase activity and glucose absorp-
tion. In some animals hexokinase activity was quite weak but the absorbed
amount of glucose was the same, or even more, than in animals with the
highest hexokinase activity.

Table |

Hexokinase activity and glucose absorption in nephrectomized rats

Animal Hexokinase activity ~ Absorped glucose
No. in fiM glucose b(g?j?// 1v?/2i3ht
| >0.2 44
2 >0.2 36
3 >0.2 58
4 >0.2 69
5 >0.2 35
6 0.55 56
7 0.90 55
8 1.30 26
9 1.30 28
10 1.90 100
11 2.30 1
12 2.80 70
13 3.40 57
14 3.40 41
15 3.40 100
16 3.50 89
17 3.70 74
18 4.40 66
19 4.50 35
20 6.60 43
21 8.30 74
22 8.40 75
23 9.10 50
24 12.0 56
25 14.0 10

174 47

N
(o2}
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Our data support the pertaining recent findings that no direct relation-
ship exists between the phosphorylation and absorption of sugars.
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ANALYSE DER MIT HYPOPHYSEN HINTERLAPPEN-
EXTRAKT HERBEIGEFUHRTEN VERANDERUNG
DER INTESTINALEN WASSERRESORPTION BEI MIT
RINDENHORMONEN VORBEHANDELTEN TIEREN

Von

G. A. Dombbadi, F. Krizsa, T. Jancsé und F. Obal
PHYSIOLOGISCHES INSTITUT DER MEDIZINISCHEN UNIVERSITAT, SZEGED
(Eingegangen am 27. Juni 1960)

Mit Hilfe der Horvath—Wixschen Resorptionsmethode wurden die Gesetz-
maRigkeiten der Wasserresorption aus dem Dinndarm an mit Cortisonazetat und
Desoxycorticosteronglukosid vorbehandelten Rattenmannchen untersucht. Die Unter-
suchungen erstreckten sich einerseits auf den von den beiden hyaluronidase- bzw.
antihyaluronidaseartig wirkenden Substanzen auf die intestinale Grundresorption
ausgeubten Effekt, anderseits auf den Effekt, den dieselben Substanzen auf die was-
serresorptionssteigernde Wirkung des antidiuretischen Hormons zeigen. Die Ergebnisse
lassen sich folgendermallen zusammenfassen:

1. Von Cortisonazetat und Desoxycorticosteronglukosid wird die konstante
Grundresorption der physiologischen Kochsalzldsung aus dem Dinndarm bei vor-
handener Nebennierenrindenfunktion in der Gblichen pharmakologischen Dosis nicht
veréndert.

2. Der intravenos eingespritzte Nervenlappenextrakt fihrt bei den mit Cortison-
azetat vorbehandelten Tieren nur geringe Resorptionssteigerung herbei. Durch Vor-
behandlung mit Desoxycorticosteronglukosid wird die Resorptionssteigerung nicht
signifikant beeinfluf3t.

Auf Grund dieser Resultate kann die Theorie der Hyaluronidase-Mediation
nicht als eindeutig erwiesen angesehen werden.

Methoden

Die Untersuchungen wurden nach dem H o rvath—Wixschen Perfusionsverfahren [11],
die Hamoglobinbestimmungen nach der Methode von Havemann, Issekutz UNd Jung [10]
mit dem Havemannschen photoelektrischen Kolorimeter nach dem friiher von uns beschrie-
benen Verfahren [6] an 160—220 g schweren Wistar-Ratten vorgenommen, die aus zeitlich
einander naheliegenden Wurfen stammten.

Der Versuch wurde folgendermafien durchgefuhrt: Urethannarkose mit 150 mg/100 g,
Operation, Vorbehandlung mit Kochsalz oder dem entsprechenden Hormonpréaparat. 30
Minuten Ruhe. Einleitung der Perfusion und Abwarten des Erscheinens der Perfusionslésung
in der Ausflhrungskaniile. Hiernach untersuchten wir die Resorption 5x10 Minuten; die
ersten 2x10 Minuten betrachteten wir als Grundresorption, sodann wurde der Hinterlappen-
extrakt bzw. die Kontrollflissigkeit in die vorher herauspraparierte V. jugularis infundiert.

Zur Vorbehandlung benutzten wir Adreson (Organon N. V., Oss) und Percorten »wasser-
Iéslich« (Ciha A. G., Basel) intramuskular in der Dosis von 5 mg/100 g bzw. 1 mg/100 g.
Als Hinterlappenextrakt kam Piton (Organon N. V., Oss) in der Dosis von 0,5 mE/100 g
und im Gesamtvolumen von 0,5 ml/100 g zur Anwendung.

Die Resorption untersuchten wir an den auf folgende Weise behandelten Gruppen:*

*In der Arbeit kommen folgende Abkiirzungen zur Anwendung:

CA = Cortisonazetat;

DCG = Desoxycorticosteronglukosid;
HHL = Hypophysenhinterlappen;
ADH = antidiuretisches Hormon.

3 Acta Physiologica XV I11/3.
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Vorbehandlung Eingriff zZahl der
i m. i V. Tiere
A Kochsalz HHL 6
B CA Kochsalz 6
C DCG Kochsalz 6
D CA HHL 6
E DCG HHL 6

Die Horvath—W.ixsche Originalmethode modifizierten wir insofern, als wir in das
Perfusionssystem vor der Einfdhrungskaniile ein zur Messung des hydrostatischen Mittel-
drucks geeignetes Manometer einschalteten. Mit dessen Hilfe konnte der in cm H2 gemessene
hydrostatische Druck jederzeit abgelesen und die vollstandige Verstopfung der Kanile mit
Schleimpfropfen vermieden werden.

Nach Abschlu des Versuches wurden die Tiere durch Luftembolie getdtet, der Darm-
abschnitt zwischen den beiden Kanilenenden wurde herausgeschnitten, sein Lumen der
Lénge nach gedffnet und in Formalin fixiert. Nach 48stiindiger Formalinfixierung bestimmten
wir den Umfang und rechneten die resorbierte Wassermenge auf die Resorptionsflache um.
Auf diese Weise vermochten wir die resorbierte Wassermenge in den Dimensionen ul/cm2 10'

anzugeben.

Ergebnisse
Wirkung der Vorbehandlung auf die Grundresorption

Die Grundresorption der mit physiologischer Kochsalzlésung vorbehan-
delten Kontrolltiere betrug 13,5674,08 /N1/cT1210' (Durchschnittswert von 12
Versuchen), die der mit CA vorbehandelten Tiere (Durchschnitt von 24 Wer-

Physiot.
Kochsalz! . bce
30-
o]
~ 20.
S,
10.
12

Abb. 1. Die GroRre der basalen Wasserresorption aus dem Dinndarm bei den mit Corticoiden
vorbehandelten Tieren

Die einzelnen Saulen entsprechen den Durchschnittswerten der mit den angegebenen Sub-
stanzen vorbehandelten Tiergruppe mit dem Mittelfehler des Durchschnitts (-f- 1 S. E.). Die
Anzahl der Tiere ist am Full der Saule vermerkt

ten) 16,2271,59, die der mit DCG vorbehandelten 13,7271,18 /4/cT1210’
(Durchschnitt von 24 Werten). Die Resultate sind in Abb. 1 graphisch dar-
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gestellt. Hiernach wird die Grundresorption von DCG offensichtlich nicht
beeinfluRt, dagegen durch die Vorbehandlung mit CA offenbar etwas erhdht.
Die Erhdhung ist aber derart gering, dall es sich eher nur um eine suggestive
und keinesfalls um eine signifikante Erhéhung handelt.

HHL-Wirkung auf die zur Kontrolle der Vorbehandlung dienenden Tiere.
Bei den mit physiologischer Kochsalzlésung vorbehandelten Tieren betrugen
nach Piton-Verabreichung die Resorptions-Mehrwerte in den drei aufeinander-
folgenden 10-Minuten-Perioden 12,1771,97, 10,2171,38 wund 3,7271,93
/N/cT210'. Nach der Summierung dieser Ergebnisse kam unter Wirkung des
HHL-Extraktes bei den zur Kontrolle der Vorbehandlung dienenden Tieren

Vorbehandlung-. Vorbehandlung: Vorbehandlung-. Vorbehandlung-. Vorbehandlung-.
. CA DCG Dhusiol.Kochsdlzl
i - io! | .
Prlysiol. Kochsalzl yy \yinung  PPYSIOIOEhSalzl y ining HHL-wirkung

Wirkung Wirkung

Abb. 2. Die Verédnderungen der unter Wirkung von HHL-Extrakt zutage tretenden Mehr-

resorption aus dem Dinndarm bei den mit Cortisonazetat (CA) und Desoxycorticosteron-

glukosid (DCG) vorbehandellen und bei den zur Kontrolle der Vorbehandlung dienenden
Tieren

Die einzelnen Sé&ulen entsprechen den Mehrresorptionsdurchschnittswerten, wéahrend

10" der auf angegebene Weise behandelten Tiergruppen mit dem mittleren Fehler der Mittelwerte

(+ 1S. E.). Die gestrichelten Saulen zeigen die von Null signifikant abweichenden Werte

I+

in 30' eine Mehrresorption von 26,1+4,75 /ll/cm2 zustande. Die Abweichung
vom O-Wert der einzelnen 10-Minuten-Durchschnittswerte ist mit Ausnahme
des Mittelwertes der letzten 10-Minuten-Periode stark signifikant (Abb. 2
und 3).

HHL-Wirkung auf die mit CA vorbehandelten Tiere. Bei den mit CA
vorbehandelten Tieren kam es nach der zur Kontrolle der HHL-Wirkung
gegebenen i. v. Einspritzung von physiologischer Kochsalzlésung infolge der
geringen Mineralocorticoidaktivitdt von CA im Vergleich zur Grundresorption
zu einer konstanten, aber geringen Resorptionserhdhung, deren GroéRe ver-
schwindend niedrig und mathematisch nicht signifikant war. Wird HHL-
Extrakt vorbehandelten Tieren eingespritzt, so &ndert sich die GroRe der
Resorptionserhéhung im Vergleich zu den nicht vorbehandelten Tieren.
W &hrend die Resorptionserhéhung unter Wirkung von ADH bei den nicht
vorbehandelten Tieren in 30' insgesamt 26,17°4,75 /1/cm2 ausmachte, betrug

3*
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dieser Wert bei den vorbehandelten nur 15,97+4,08 pljcvo.2. Die Werte der
einzelnen 10-Minuten-Perioden machten bei den Vorbehandelten unter Wir-
kung von Normalsalz + 1,33+2,08, — 1,0+ 1,76 und +1,5+ 1,54 /d/cm2 aus.
Die Abweichung sdmtlicher drei Werte von Null ist nicht signifikant. Auch
der Durchschnitts-SO7-Wert — -|-1,85+3,63 dl/cm230, — zeigt keine signifi-
kante Abweichung von Null. Nach Zufuhr von HHL betrugen diese Werte
5,29+1,86, 7,94+ 1,76 und 3,19+2,18 pl/cm210\ Die Abweichung von Null

Vorbehandlung - Vorbehandlung: Vorbehandlung
physio! Kochsalz | DCG
HHL-Wirkung HHL  Physiol. HHL PhPsloL

Kochsalz! Kochsalz/

Abb. 3. Die Veranderungen der unter Wirkung von HHL-Extrakt zutage tretenden sum-

mierten Mehrresorptionsmengen aus dem Dinndarm bei den mit Cortisonazetat (CA) sowie

Desoxycorticosteronglukosid (DCG) vorbehandelten und den zur Kontrolle der Vorbehandlung
dienenden Tieren.

Erlduterung wie bei Abb. 2. Die einzelnen S&ulen zeigen die in 30' insgesamt zustande gekom-
mene Mehrresorption an

st bei den ersten beiden signifikant, beim letzten Wert nicht. Die Summe
dieser Werte, 15,97+4,08 ,u1/ct230', weicht von Null signifikant ab (Abb.
2 und 3).

HHL-Wirkung auf die mit DCG vorbehandelten Tiere. Die Beobachtun-
gen entsprechen ungefdhr den im vorigen Abschnitt mitgeteilten Angaben,
und die Abweichungen zwischen ihnen sind eher nur quantitativer Natur.
Auch nach Vorbehandlung mit DCG kam leere — ohne HHL-Extrakt er-
folgte — Resorptionssteigerung zustande, die etwas groBer war als nach
Anwendung von CA. lhre Abweichung von Null war indessen mathematisch
noch nicht signifikant.

Die 10-Minuten-Werte ohne HHL betrugen der Reihe nach +2,70 + 1,28,
+ 3,21+ 1,33 bzw. +3,39+1,36 /tl/cm210', summiert +9,30+0,00 //1/cT230".
Die Abweichung vom Null-Wert ist nicht signifikant. Unter Wirkung des
HHL-Extraktes steigen die Werte: +9,13+2,0, +4,57+ 1,58 und +6,63+0,26
/N/cT1210" bzw. +20,33+3,84 ,ul/lcm230'. Die gewonnenen Werte weichen
samtlich signifikant von Null ab. Gegenlber der unter Wirkung von HHL-
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E xtrakt eintretenden 192,5%igen Resorptionssteigerung bei den zur Kontrolle
der Vorbehandlung dienenden Tieren zeigt diese Gruppe eine 141,6%ige, d. h.
etwas niedrigere Resorptionssteigerung (Abb. 2 und 3). Sdmtliche gewonnenen
Durchschnittswerte sind auch zahlenmd&RBig in Tabelle | zusammengefalit

Tabelle |

Wirkung isotonischer Salzlésungen aufdie von Hypophysenhinterlappenextrakt verursachte Resorp-
ioissteigerung bei den mit Cortisonazetat und Desoxycorticosteronglukosid vorbehandelten Tieren

Mehrresorption (/il/lcm2 /t) im Verhéltnis zur Grundresorption

Behandlung 010 10—20' 20—30' 0—30'
Kochsalz = HHL s 12T00l OGS Ninisien e oor
CA + Kochsalz 6 nliycsr?tiszi’gon? aiclﬁgisilgiz.a r%lt?f?tiilgs mlCiSt iS?QgS
CA + HHL 5 R0z p< 000 michisign <002
DCG + Kochsalz 6 LlEIR Rian  nichisign.  nicht sign.
DCG + HHL 6 ﬁ’lf i(?,'(;)1 0,2 i'Sgil'%?os §'6<3 :0?632 2823:3’6814

Die Festlegung der gewonnenen Resultate in der Dimension jul/cni/t
und die Registrierung des hydrostatischen Drucks ermdglichten den Ver.
gleich mit den in derselben Dimension ausgedrickten In-vitro-Angaben [18]-
Smyth fand bei seinen Versuchen in vitro, dal der beobachtete Resorptions'
wert bei 20'cm H20 Druck 26,6 pl/cm210\ bei45cm H20 Druck 35,5 pl/cm210
ausmachte. Dies entspricht ann&dhernd unseren In-vivo-Ergebnissen, wo wir
im System mit 12—14 cm H20 Druck einen Durchschnittswert von 13,56
/illcm 210" feststellten. Aus diesem Vergleich schliefen wir auf die anndhernde
Ubereinstimmung der Werte in vivo und in vitro.

Besprechung

In vorangegangenen Untersuchungen hatten wir nachgewiesen [6], daR
HHL eine Steigerung der Wasserresorption aus dem Darm bewirkt. Damit
bestatigten wir eine extrarenale Wirkung des ADH mit einer objektiven
Untersuchungsmethode.

Uber diese Tatsache hinaus vermochten wir die Abhingigkeit der
Erscheinung von der Dosis festzustellen und die vorher bereits beschriebene
Porenhypothese an der Haut und Niere zu beweisen. Wir beobachteten ndm -
lich, dal im Falle der Perfusion des Dinndarms mit physiologischer Koch-
salzldsung das ADH imstande ist, die definitionsartig eintretende Wasser-
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abgabe zu steigern, und aus dieser experimentellen Tatsache schlossen wir,
daR die Offnung der Poren unter Wirkung des ADH in jedem Fall eintritt,
aber die Wasserstrémung nur in der den osmotischen Erfordernissen ent-
sprechenden Richtung erfolgt.

Laut Gineschinski [9] Ubt das antidiuretische Hormon seine renale
Wirkung uber die Hyaluronidase aus. In der Antidiurese, d. h. wenn der
ADH-Spiegel im Blut steigt, nimmt die Hyaluronidaseproduktion der Tubulus-
zellen zu, und dies bewirkt durch die Depolymerisation der interzelluldren
Bindegewebsgrundsubstanz die Resorption des osmotisch freien Wassers.
Nach anderen Angaben wird die wasserresorptionssteigernde Wirkung des
HHL-Extraktes von Hyaluronidase an der Amphibienhaut gehemmt [19].

Vom Gesichtspunkt unserer weiteren Untersuchungen schien die Klar-
stellung der Fragen interessant, ob einerseits das ADH auch im Darm nach
demselben Mechanismus wirkt, und ob anderseits der ADH-Effekt durch das
von den im Organismus erzeugten Nebennierensteroiden herbeigefiihrte
aktuelle endokrine Milieu veréndert wird.

Uber die erste Frage gaben unsere fritheren Untersuchungen Auskunft,
wahrend wir zur KIlarung der zweiten Frage bei den vorliegenden Untersuchun-
gen die Wirkung von Hyaluronidase und Antihyaluronidase auf mit Steroiden
vorbehandelte Tiere unter Vergleich mit Kontrolltieren, die nur Kochsalz
erhielten, ermittelten. Bekanntlich wird die Permeabilitdt gewisser Membrane
von DOCA ebenso wie von Hyaluronidase bedeutend gesteigert, von Cortison
jedoch verringert [16, 17]. Ebenso setzt Cortison die von Hyaluronidase ver-
ursachte Kapillarpermeabilitdtssteigerung [7, 8] und das dermale Spreading
herab [13, 15, 20].

In Kenntnis dieser Tatsachen untersuchten wir die etwaige diesbezugliche
BeeinfluBbarkeit des Verlaufs der ADH-W irkung. Zugleich damit erhalten wir
— indem die Frage auf andere Weise gestellt wird — auch Antwort darauf,
inwieweit der ADH-Effekt von der Anwesenheit der an der Peripherie erreich-
baren Corticosteroide abhé&ngt. Natzschka hatte beobachtet, dal von Predni-
son die GroBe der durch kleinere ADH-Gaben verursachten Antidiurese herab-
gesetzt wird, wadhrend Aldosteron diese nicht beeinfluft [14].

Wie die Ergebnisse zeigen, wird die GrolRe der Grundresorption durch die
Vorbehandlung — bei erhaltener Nebennierenrindenfunktion — nicht beein-
fluBt. Nach Dennis und anderen [5] sind Nebennierenrindenextrakte imstande,
die verringerte Grundresorption von andrenalektomierten Hunden wieder-
herzustellen. Eine &hnliche Angabe tUber die Erhdhung der Grundresorption
fanden wir bei Cappetti [3, 4], der nachwies, daR die infolge Adrenalektomie
von 100% auf22% gesunkene intestinale W asserresorption von Cortexextrakt
auf 44, von Cortison auf 88 und von DOCA auf 42% erhdht wird.

Nach Vergleich der Angaben vorerwdhnter Autoren mit den eigenen
Resultaten mull daher festgestellt werden, daR die die Grundresorption er-
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héhende Wirkung der Rindensteroide bei adrenalektomierten Tieren nur
soweit zur Geltung kommt, dall dienormale Grundresorption anndhernd erreicht
wird, so daB zwischen dem Dosiseffekt der Rindensteroide und der intestinalen
W asserresorption kein im engeren Sinne verstandener Zusammenhang besteht.

Unsere Beobachtungen tber die Corticoid-HHL-Interferenz zeigen, daR
CA eine ziemlich ausgeprégte Senkung des HHL-Effektes bewirkt. Dies steht
im Einklang mit den vorhin erwdhnten Angaben und mit der Theorie der
Hyaluronidase-Mediation des ADH-Effektes, doch mull festgestellt werden,
daR sich die Wirkung der Corticosteroide — nach den gegenwartigen Unter-
suchungen — offenbar nur auf einen gewissen Teil der Erscheinungen erstreckt.
Die mit DCG gewonnenen Resultate wichen von den erwarteten ab, weil sie
im Gegensatz zu ihrer spreadingsteigernden Hyaluronidasewirkung die nicht
signifikante Senkung der ADH-Wirkung verursachten, die also unverdndert
blieb. Auf Grund unserer Untersuchungsergebnisse scheint es, daf DCG auf
die HHL-Wirkung keinen Einfluf ausibt und daher, obschon es das dermale
Spreading steigert, an der Darmmembran nicht wie Hyaluronidase wirkt.

Im Endergebnis lieferten demnach unsere vorliegenden Untersuchungen
keine Resultate, die dem Prinzip der Hyaluronidase-M ediation in jeder Hin-
sicht entsprechen. Eine indirekte CA-Wirkung ist anzunehmen, aber die mit
DCG gewonnenen Ergebnisse lassen sich in diese Theorie nur dann einfligen,
wenn wir in Ermangelung weiterer Angaben einstweilen voraussetzen, dafll der
Mechanismus der hyaluronidaseartigen Desoxycorticosteronwirkung nur im
Falle bestimmter potentieller und rdumlicher Gegebenheiten gilt.
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The adrenal cortex of the guinea pig was found to contain five corticoids:
(i) 2-a-hydrocortisole or 6-/i-hydroxycortisole; (ii) hydrocortisone; (iii) cortisone; (iv)
ticorcosterone; (v) 1l-dehydrocorticosterone.

Hydrocortisone occurred in the greatest amount. The other corticoids were not
present in every case. ACTH elicited a characteristic rise in total secretion.

As to adrenal weight, no significant difference was found between left and right
organ, or between male and female animals. ACTH treatment increased adrenal weight.

There are few data in the literature concerning adrenocortical corticoid
secretion in the guinea pig. Only Bush [2] discussed this question, while the
other data refer mainly to peripheral blood (Done, Ely, Roule and Kelly,
[5], Cohen and Kleinberg [4]), urine (Peron and Dorfman [11], Nadel,
Youngand Hilgar [12]), or bile (Eik-Nes,Demetrion,Mayne and Jones [6]).

In previous experiments we demonstrated that placental tissue of the
guinea pig was capable of synthesizing corticoids both in vivo and in vitro
(Telegdy, Endréczi and Huszar [13]). Those data gave information mainly
concerning the metabolism and transformation of corticoids, not permitting,
however, any final conclusion as to adrenal secretion.

Methods

A total of 80 guinea pigs of both sexes weighing 250 to 900 g each was used. Adrenal
venous blood was collected by means of a cannula inserted into the renal vein. The animals
were anaesthetized with 0.01 g/100 g Thialbarbitone and pretreated with 2 1. U./100 g heparin.

Qualitative estimations were made in the pooled blood from 10 to 15 animals.

Blood for quantitative determinations was collected from individual animals for 10 to
15 minutes. ACTH-loading was made by the administration of 5 1. U. Exacthin (Richter,
Budapest) daily for three days. The values are expressed in /«g corticoid/kg body weight/
hour.

Corticoid analysis was performed by paper chromatography, using both the benzene-
formamide system of Burton, Zaffaroni and Keutman [1] and the system Bush B5 [3].
The corticoids were extracted as described previously [7, 8, 9]. Identification of individual corti-
coids in both systems was made (i) by comparison of the R/ values with those of standard
preparations (Organon, Oss), (ii) by the alkaline fluorescence method, (iii) by the tétrazolium
reduction test, (iv) by the acetylation reaction.

The adrenals were weighed on torsion balance with an accuracy of 1 mg, and the weights
were expressed in mg/100 g body weight. Comparison was made between the right and left,
adrenals, male and female animals, and normal and ACTH-treated guinea pigs.
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Fig. 1. Schematic drawing demonstrating separation of conicoids found in the venous
blood of guinea pig adrenal. T —tétrazolium reduction. TJV = NaOH fluorescence.

210" 12o,

Fig. 2. Adrenal weights expressed in mg/100 g body weight. W hite column = normal; dark
column — ACTH-treated animals; R = right adrenal; L = left adrenal; £ male animals;
2 = female animals. Figures refer to the number of the animals used.
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Results

Qualitatively, the following corticoids were observed to occur in the
adrenal blood (Fig. 1).

(i) 2-a-hydroxycortisole or 6-/?-hydroxycortisole. These derivatives
appeared in the benzene-methanol-water system (system Bush B5), gave
UY fluorescence with sodium hydroxyde and reduced tétrazolium. Their
small amount did not permit more exact identification.

(ii) Hydrocortisone. It occurred in both sexes, reduced tétrazolium,
gave fluorescence with NaOH, and exhibited a value identical with that
of the standard hydrocortisone preparation.

(iii) Cortisone.

(iv) Corticosterone.

(V) 11-dehydrocorticosterone.

The quantitative secretion pattern (Table I) revealed that in all animals
hydrocortisone occurred in the greatest amount. Secretion of other compounds
was irregular. The total adrenocortical secretion, expressed in /ig'/kg'/h, was
less in the guinea pig then in other species [10].

Table 1

Adrenocortical secretion in normal animals, expressed in /tg/kg/h. Cpd F — hydrocortisone:
Cpd E = cortisone; Cpd B = corticosterone; Cpd A = 11-dehydrocorticosterone

Total

Cpd F Cpd E Cpd s Cpd A amount:
.
a 9,8 — 3,2 13,0
a 17,0 - 4.0 - 21,0
a 26,0 — 15,0 26,0 67,0
a 30,0 10,0 1,8 — 41,8
a 19,0 4,7 — 57,0 80,7
a 22,0 11,0 — — 33,0
$ 21,0 - — — 21,0
$ 48,0 19,0 — 4,7 71,7
$ 30,0 - — — 30,0
2 69,0 23,0 3,0 — 95,0
? 38,0 19,0 3,0 — 60,0
$ 50,0 10,0 2,4 — 62,4
$ 18,0 9,0 1,8 — 28,8
0 14,0 — 2,8 — 16,8
$ 12,0 - 15 — 13,5
? 13,3 — 19 15,2

Average 41,9
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Table I

Adrenocortical secretion after treatment of the animals with 51. U. ACTH daily for three
days. Cpd F = hydrocortisone; Cpd E = cortisone; Cpd B = corticosterone; Cpd A = 11-
dehydrocorticosterone.

CpdF Cpd E Cpd B Cpd A ol

3 42,0 - f— 54,0 96,0
3 82,0 — — — 82,0
3 99,0 19,0 4,0 — 122,0
’ 61,0 — 10,0 — 71,0
$ 62,0 — 10,0 73,0
) 44,0 — — 23,0 67,0
) 33,0 11,0 — — 44,0
» 63,0 — — ; 63,0
’ 64,0 ; — — 64,0
$ 54,0 _ _ _ 54,0
Average 73,6

ACTH treatment elicited an increase in the total secretion (Table II).
This manifested itself mainly with an elevated hydrocortisone secretion,
while other derivatives behaved irregularly.

As to the weight of the adrenals, there was no difference between right
and left organs, nor between male or female animals (Fig. 4). ACTH was found
to increase adrenal weight.

Discussion

Unlike in other animal species, in the guinea pig the adrenals are secret-
ing five corticoids. Most polar of these compounds was 2-a-hydrocortisole
or 6-/3-hydroxycortisole. Occurrence of these derivatives in the urine was
demonstrated also by Peron and Dorfman [12], as well as Nadel, Young
and Hirtgar [13]. The substance next in polarity was hydrocortisone, repres-
enting the bulk of the hormones secreted. The presence of cortisone, corti-
costerone and 11-dehydrocorticosterone indicated that the adrenals are
richer in enzyme systems in the guinea pig than in other species. However,
the occurrence of these derivatives was not regular, and we know little of the
factors determining their secretion and ofthe way in which the interrelationship
of these factors is influencing the specific reactivity of the guinea pig.

ACTH load increased mainly the secretion of hydrocortisone, with
the concomitant elevation in the total amount secreted. Augmentation of
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other derivatives was not regular. The 4 to 10-fold increase in corticoid secre-
tion found by other authors [4, 12] could not be confirmed in these experiments.
This discrepancy can be probably accounted for by differences both in the
preparations used and the route of administration.

As an effect of ACTH treatment, the adrenal weight showed some inerease.

No side or sex difference occurred in the adrenal weights.

a b~ wN e

(2]
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Two hours after the intravenous administration of 38S-methionine the radio-
activity of the liver and brain was +30 and +40 per cent, respectively, higher in rats
previously kept on a methionine-deficient diet, than in the normal controls. There was
no difference between the two groups of rats, in the radioactivity”>f muscles, kidney,
and serum. Thus, binding of methionine, a sign of biochemical regeneration, occurred first
in the liver and the brain.

In previous experiments in rats we determined the sequelae of the
pathologic process induced by methionine deficiency [9, 11, 12, 13]. Through
loss of weight, methionine deficiency led to rapid and severe dystrophy, as
it could be expected, since it had been demonstrated [6, 7, 16, 17] that methio-
nine was an essential amino acid the deficiency of which would lead to a
breakdown of nitrogen balance in the rat and in man alike. The best-known
change in the pathological process is the liver lesion [1, 2, 3, 4, 5, 8], hut other
changes are also observable [9, 11, 12, 13].

Although the sequelae to methionine deficiency had been identified, it
stillremained questionable whether or not the changes produced werereversible.
To elucidate this problem, we performed experiments with 35S labelled methio-
nine.

Methods

A group of 12 rats was maintained on a semisynthetic, methionine-deficient diet?
composed of glue, 18 per cent; dried yeast, 3 per cent; fats, 10 per cent; normal salt mixture
(S6s [10]), 4 per cent; cod liver oil, 1 per cent; starch, 64 per cent. The control group of 12
rats was fed a similar diet which instead of the glue contained an equal quantity of casein.

The active amino acid containing 95 per cent methionine and 5 per cent sulphide
contamination, with a specific activity of 390 mc/g, was dissolved in 10 ml of physiological
saline. The stock solution thus obtained had a specific activity of 820 pc/m1. This was diluted
2.5-fold, to obtain a specific activity of 328 p,c/ml. The single dose was 0.5 ml, i. e. 164 fie,
corresponding to 0.4 mg of methionine. The 5 per cent sulphide contamination was ignored.

The experiments were made 21, 28 and 31 days, respectively, after starting the methio-
nine-deficient diet. The rats were anaesthesized with urethane. 0.5 ml of the labelled methio-
nine solution was injected into the femoral vein and the animals were killed by decapitation
2 hours later. The blood was centrifuged, and the serum was pipetted off. The brain (cerebrum,
diencephalon and mesencephalon, pons and medulla oblong.), the liver, kidneys and a specimen
of the gastrocnemius muscle were removed for study. The organs were weighed, the aliquots
of the liver, kidney and brain were weighed on analytical scales. The organs were homogenized
with 2 ml of distilled water in a Potter homogenizer, and the volume was adjusted to 5 ml.
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Likewise, the 0.5 ml specimens of plasma were adjusted to 5.0 ml. Of each homogenate amounts
of 0.5 ml were measured into aluminium dishes and dried carefully so as to obtain a homoge-
neous preparation. Thus the specimen contained more than 30 mg/square cm and the measure-
ment was made on the basis of the infinitely thick layer principle. The impulses were counted
by means of a GM counter with a thin end window.

From the activity and weight of the sample the activity taken up by 1 g and by the
whole organ was computed. From the activity injected and from the total activity taken up
by the organ the percentage uptake of methionine by the organs in 2 hours was computed.

Brain, kidney and liver were weighed. The quantity of muscle and plasma was deter-
mined by computation, on the basis of averages for other data, taking for muscle weight 40 per
cent of the body weight, and for the average circulating plasma volume, 2.6 ml/100 g.

Results

The methionine uptake values for both the controls and for the rats
fed a methionine-deficient diet showed little scattering, a fact indicating the
reliability of the method employed.

There was no difference in the total 35S-methionine content of the organs
between the control and the methionine-deficient rats (Table I). The organs

Table |

a6S uptake by organs.
Means and deviations from the mean for group of 12 animals

Mean activity, 1000 counts/g Percentage uptake from injected activity
j Methionine-deficient : Methionine-deficient

Controls animals Controls animals
Liver 31%5 42+6 4.8+0.8 6.7+0.8
Brain 45+0.6 5.8+0.7 0.25+0.04 0.34 £0.05
Kidney 54+7 45+9 21+0.3 1.8+0.3
Muscle 2.75+0.4 249+0.4 4.44+0.6 3.54+0.5
Serum 24 +4 21+6 25+0.4 22+0.5
Total 116 116 14.2 14.2

of the controls contained a total cf 14.2 per cent of the amount injected,
those of the methionine-deficient rats 14.6 per cent. There was no difference
between the control and methionine-deficient rats in the 3S-methionine
content of muscle, kidney and serum either, but there was a significant dif-
ference in the uptake by liver and brain.

The control livers took up 4.8 per cent, the methionine-deficient ones
6.7 per cent of the activity injected. The differences are even sharper if we
analyse the active methionine concentration of the organs. The pertaining
values were 31 000 counts/min/g for the controls and 42 000 counts/min/g
for the methionine-deficient rats. The mean of 31 000 counts/min/g was
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exceeded by five of the controls and by 10 of the methionine-deficient rats
(Fig. 1). Statistical analysis showed the difference to be significant (P < 0.01).

The methionine uptake by the control brains was 0.25 per cent, ascom-
pared with the 0.34 per cent for the deficient animals. The significance of this

Fig. 1. 335-Methionine uptake by the liver. N : normal rats. D : methionine-deficient rats.
The first two columns show the uptake by the whole livers, the other two the activity per
1 g liver tissue. The columns represent the means, the dots the individual values

Fig. 2. 3S-Methionine uptake by the brain. N : rats fed a normal diet. D : rats fed a methio-

nine-deficient diet. The first two columns show the uptake per whole brain, the second two

the activity per 1 g brain tissue. The columns represent the means, the dots the individual
results

difference was best shown by the ¥&S-methionine concentration of the brains.
The mean specific activity for the controls was 4400 counts/min/g, as compared
with the 5800 counts/min/g value for the experimental group. None of the
controls reached a concentration of 6000 counts/min/g, while 6 of the methio-
nine-deficient rats showed even higher values (Fig. 2). The difference between
the groups was statistically significant (P < 0.01).

Acta Physiologica XVI11/3.



220 P. KERTAI and J. SOS

It may be concluded that the 348S-methionine uptake by the brain and
liver is increased by a methionine-deficient diet, a fact pointing to the occur-
rence of biochemical regeneration as early as 2 hours following the adm inistra-
tion of methionine.

Discussion

It is common knowledge that methionine deficiency leads to liver lesion
and that methionine protects the liver [1, 2, 3, 4, 5, 8]. It could be anticipated
that after feeding a methionine-deficient diet the organism will take up
methionine at an increased rate, in order to compensate the loss. As seen, after
a methionine deficiency lasting from 20 to 31 days (a loss of body weight of
25 to 35 per cent) the changes in the liver were possible reversible, because
that organ took up increased amounts of methionine. It is possible that the
regeneration of the liver was followed later by an increased methionine uptake
by the muscles and kidney, but this could not be demonstrated in our experi-
ments which lasted only 2 hours.

The increased 35S-methionine uptake by the brain was remarkable since
in other experiments [14, 15] it was found that cerebral cortical function did
not regenerate even when the other organs were histologically restored to
normal. In the present series of experiments the onset of biochemical regenera-
tion was evident 2 hours after the administration of methionine. It seems
that the restoration of function lags far behind this.
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A new proof of the role played by methionine in cellular and humoral defence
is presented. In addition to the deleterious organic effects of the methionine-deficient
diet, inhibition of the heterohaemotropin immune response is also brought about,
by an as yet unknown mechanism.

Animals fed on low-calorie and low-vitamin diets are known to have
adiminished resistance to infections. After the antibodies had been shown to be
of protein character, increased attention was devoted to the relation of protein
metabolism to resistance, natural or acquired. In our earlier studies the intra-
venous administration of protein hydrolysates was found to enhance the
phagocytosis of bacteria by leucocytes both in man and in experimental
animals [1]. Preparations containing amino acids increased leucocytic phago-
cytosis also in vitro. The amino acids containing sulfur proved to be partic-
ularly active [2]. On the other hand, it is also known that leucocytic phago-
cytosis and antibody production significantly diminish in animals fed on a
diet poor in protein [3—15].

It has been observed that the humoral defensive mechanism ismuch
more sensitive to protein deficiency than the cellular one [16]. There is une-
quivocal evidence of the profound influence exerted by a protein-deficient diet
on systemic defence. In possession of these data we examined the effect of a diet
deficient in asingle amino acid onthe immune response of the organism. Nume-
rous experiments have called attention to the deleterious effects ofa deficiency
in sulfur-containing amino acids, of which methionine seems to play a role
of decisive importance [17, 18, 19]. We have therefore made the following
experiments.

Methods

Rats were fed on the methionine-deficient diet described by Sés [20] and were tested
for heterohaemotropin production by the in vivo method described by one of us [21]. A total
of 56 albino rats of either sex, weighing about 100 g, were used, in three groups.

Group 1. 18 rats were fed a methionine-containing diet and were injected 1 ml doses
intraperitoneally of washed sheep erythrocytes.

Group 2. 19 rats were fed the methionine-deficient diet and immunized with sheep eryth-
orcytes as above.

Group 3. 19 rats before immunization showed the spontaneous phagocytosis values.
Three weeks after immunisation each rat was injected 5 ml of a 5 per cent suspension of

4%
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sheep erythrocytes intraperitoneally. The control rats were treated in the same way. Three
hours later smears were made of the abdominal exudates and were stained according to May-
Griinw'ald and Giemsa. Four hundred leucocytes were counted in every case and the hetero-
haemotropin value was expressed in terms of the percentage of phagocytosed erythrocytes
among the exudate cells.

Table |
Hetero-haemotropin in vivo sﬁ;;gigfg;z
No immunized
Methionine- with sheep
Control  rats deficient rats erythrocytes
l. 15.25% 3.75% 0.20%
2. 16.75% 8.25% 2.75%
3. 13.75% 6.00% 0.50%
4. 10.25% 3.25% 1.20%
5. 9.50% 12.25% 0.75%
6. 10.25% 2.00% 1.00%
7. 23.50% 4.50% 0.50%
8. 12.75% 5.75% 2.50%
9. 21.25% 7.25% 0.50%
10. 13.00% 2.50% 1.00%
11 18.00% 6.75% 0.70%
12. 14.00% 6.00% 2.50%
13. 23.00% 13.25% 1.50%
14. 8.50% 6.00% 0.20%
15. 10.50% 4.25% 0.70%
16. 8.25% 3.25% 1.75%
17. 9.00% X @:3 1.00%
18. 4.00% 1.50% 0.75%
19. 8.25% 1.50%
Mean 13.41% 5.48% 1.13%

Results

In the third column in Table | are the heterohaemotropin values for the
rats fed on the methionine-deficient diet. The range was 1.5 to 13.25 per cent,
with a mean of 5.48 per cent, exceeding significantly the spontaneous phago-
cytosis value of 1.13 per cent. However, as compared with the values for the
rats fed on the complete diet (range 4 to 23.5 per cent, mean 13.41 per cent)
this was a significant decrease in immune response. These data are supported
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by the earlier experiments of Raugam and Chandra [22], who found a marked
decrease in complement titre in guinea pigs fed a diet poor in methionine and
cystine. A similar decrease is noted if we add up the values for the phagocy-
tosed erythrocytes in our present experiments. It will be found namely that
while the leucocytes of the control animals phagocytosed a total of 2547
erythrocytes, those of the methionine-deficient rats phagocytosed merely
1065.

Further studies-are required to give the answers to such questions as
for example: does a deficiency in other sulfur-containing amino acids cause
a similar defect in immune phagocytosis? W hat is the underlying mechanism?
etc.
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The biological actions ofanew antifungal antibiotic (antibiotic T) previously isolated
from Cephalosporium sp. have been investigated. As a consequence of the resemblance
in chemical structure, the effects of antibiotic T were very similar to those of trichotecin.
Its antibiotic activity in vitro was relatively low and fungistatic in character. Its toxi-
city was very slight, but reliable pharmacological investigation was made difficult
by the drug’s very poor solubility in water. An effective blood level after administra-
tion of antibiotic T could not be demonstrated either in the mouse, or in the rat. This
finding can be partly accounted for by the inactivation of the drug in the blood.
Candida infection in mice could not be overcome by antibiotic T. When applied on
human or animal skin, it caused irritation. The number of yeast cells present in the
faeces of mice fed with an Oxytetracycline containing diet was decreased by antibiotic
T given orally in high doses. The alcohol part resulting from the hydrolysis of antibiotic
T showed properties indicating that the preparation of some derivatives of this alcohol
may lead to compounds of more favourable antifungal properties.

In a previous paper we have described a new antifungal antibiotic
isolated from the culture of a Cephalosporium sp. strain [1]. The substance
is different from every antifungal antibiotic known until yet. Chemically, the
crystalline compound is an ester containing only the elements C, H and O.
Its solubility is poor in water (0.1 mg/ml with boiling), medium in alcohol
and in sunflower oil, good in organic solvents. When dissolved in water, the
substance withstands boiling and can be stored for 2 months at 37°C
without change in activity. In oil solution, at room temperature, it is stable
for 5 months, and in propylene glycol for more than three weeks. Chemically,
it is closely related to trichotecin from which it can be separated by paper
chromatography. The slight difference in the infrared spectra of the two
compounds points to the fact that, unlike trichotecin, the new antibiotic
contains no ketone group. The chemical structure of trichotecin has been
clarified recently by Freeman [2], who demonstrated this antibiotic to
consist of a special alcoholic part (trichotecolone) and of isocrotonic acid.
We succeeded in identifying isocrotonic acid on the paper chromatogram
among the splitting products of the hydrolyzed new antibiotic [1], but the
alcoholic component obtained was not identical with trichotecolone [6].
Until the final elucidation of its chemical structure, the substance is called
antibiotic T. The present paper deals with the actions in vitro and in vivo
of antibiotic T.
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Methods

Antifungal activity was investigated by means of the serial agar-dilution method.
The medium used (agar Pg) consisted of 1 per cent peptone, 0.5 per cent glucose, 0.5 per cent
sodium chloride, 2 per cent agar-agai, and was adjusted to pH 7.0 The tubes were incubated
at 25° C. Antibiotic T dissolved in alcohol was added to the first tube.

The solutions containing antibiotic T were tested against Candida albicans. For this
purpose 20 ml of agar Pg was poured into a Petri-dish and the surface was inoculated with
a 1to 100 dilution of a laboratory strain of Candida albicans previously cultured in Pg solution
for 24 hours. 0.1 ml was pipetted into 8 mm agar holes and the dishes were incubated at 37°C
for 18 hours, when the diameter of the inhibited area was measured. The margin of the inhi-
bitory ring produced by antibiotic T is not sharp: indeed, it is a double ring. The data to be
presented refer to the diameter of the entire inhibition, the evaluation of which could be made
only with approximate accuracy. Sensitivity of the method changed with the amount of the
inoculum, the time of measuring, as well as with other factors. Under suitable conditions,
the lower limit of the sensitivity was 10 /xg/'ml.

Inactivation by blood or bile of the antibiotic was investigated as follows. The substance
was dissolved in propylene glycol and added to the mixture in an amount that the final
solvent concentration should not exceed 2 per cent, in order to avoid blood clotting. The
blood or bile containing the antibiotic was then incubated at 37°C and the inhibitory capac-
ity of samples taken at appropriate intervals was measured.

The influence on the yeast cells present in the gastrointestinal tract of mice was investi-
gated as follows. The animals were kept ten days prior to and during the experiments on a
diet described by Sés [3] with the modification that the meat meal prescribed was substituted
with caseine. The food was supplemented with 1 mg/g Oxytetracycline citrate and the daily
portion (3to 4gper mouse) was kneaded by means of hot water. Fresh drinking water was
given to the animals daily. After ten days, the yeast cell count of the faeces was counted.
The substance suspended in 5 per cent gum arabic was then administered by a stomach tube
in a volume of 0.2 ml daily for three days. 24 hours as Well as 3 to 4 days after the last dose
the yeast cells were counted again. The count was expressed in terms of cells in mg faeces
(wet weight): a freshly obtained faeces pellet was suspended in water, and after suitable
dilution, spread with a glass rod over the surface of a broth-agar of pH 6.0, containing 0.5
per cent glucose and 0.1 mg/ml chloramphenicol. After drying the dishes were kept at 37°C
for the first 24 hours and at room temperature for another 24 hours. Thereafter, the colonies
grown were counted.

Infection of mice was carried out by using a laboratory strain of Candida albicans
isolated from a patient suffering from systemic mycosis. The strain was cultivated on Pg agar
slants for 48 hours; after suspending under aseptic conditions, the cells were centrifuged and
the suspension was diluted to give the desired cell countin a volume of 0.2 ml. This was intra-
peritoneally injected to mice weighing 18 to 22 g. Treatment of the animals was performed by
the subcutaneous route.

The nystatin samples used for comparison contained 3300 units/mg.

Results

The antifungal activity of antibiotic T is summarized in Table I. The
fungistatic action was temporary in character, i. e. gradually decreased from
day to day. While some pathogenic fungi were inhibited strongly, others only
slightly. Hence, the characteristics of the inhibition greatly resembled those
of trichotecin. Antibiotic T proved to be 3 to 4 times weaker than trichotecin
against Candida albicans and 2 to 10 times weaker agains plant-pathogenic
fungi (not included in Table 1). As established after 24 hours on Candida
albicans, 0.01 per cent antibiotic T was ofidentical activity as 0.0033 per cent
(=100 U/ml) nystatin. In the experiments of Freeman [4] trichotecin was also
more active than antibiotic T in our own experiments.
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Table |
Inhibitory action of antibiotic T on various fungi
Incubation, days

1 | 2 i 5 J 8 | 14

inhibitory concentration, ug/ml

Cryptococcus neoformans 25 10.0 155 40.0
Candida albicans 4.0 11.0 45.0 90.0
Saccharomyces cerevisiae 5.0 10.0 20.0 37.0
Aspergillus niger 100.0

Trichophyton mentagrophytes 2.5 40.0 90.0
Epidermophyton inguinale 4.0 20.0
Microsporon Audouini 1.2 2.5 5.0

The very poor solubility of antibiotic T in water rendered the pharma-
cological investigations somewhat difficult. The LD60, which could be deter-
mined only by using a suspension in 10 per cent gum arabic, was 810 mg/kg
on intraperitoneal administration to mice, and over 1000 mg/kg after oral
administration. Doses lower than the LD caused transient dyspnoae, para-
lyses, collapse and, occasionally, convulsions, phenomena highly resembling
those observed by Freeman after trichotecin administration [4]. When given
to mice subcutaneously, antibiotic T suspended in oil was lethal at the 500
mg/kg dose; occasional deaths occurred after doses between 100 and 500
mg/kg. For the rat, the suspension in oil was more toxic, causing death over
100 mg/kg. A similar difference between the susceptibility of rats and mice
was observed by Freeman in the case of trichotecin. Antibiotic T was adminis-
tered also in 20 per cent methanol, 250 mg/kg subcutaneously was not lethal;
higher doses could not be given because of the. toxic effects of alcohol. 20
mg/kg antibiotic T in 10 per cent ethanol produced a slight blood pressure
fall in the cat. This solution was prepared immediately before injection and
contained 5 mg antibiotic T in each ml. Higher concentrations could not be
administered, as antibiotic T was precipitated. The dose of 20 mg/kg given
3to 4 times successively showed an identical residt. Antibiotic T in concentra-
tions of 10 4to HP5 M irreversibly weakened the function of the isolated
frog heart, impaired conductivity and caused atrio-ventricular dissociation
and the heart finally stopped.

Next, an attempt was made to measure the serum level of antibiotic
T in mice and rats after subcutaneous, oral, intraperitoneal resp. intravenous
administration. Propylene glycol, diluted methanol, oil or gum arabic were
used as solvents. The animals were Killed between 5 minutes and 24 hours
after the administration of 25 to 50 mg/kg antibiotic T, and the inhibitory
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effect on Candida of the blood taken from the heart (mouse) or the tail (rat)
was determined. A great number of attempts to demonstrate a measurable
serum level was unsuccessful, even if the antibiotic was administered intra-
venously in doses (0.2 to 0.4 mg per mouse) enough to be certainly present
in serum if distributed in the whole fluid space. Iv. injection of 2to 4 mg per
mouse resulted in a serum level ten times lower than expected. This, too,
persisted only for 10 to 30 minutes, after which period there was no more
antibiotic demonstrable in the serum. Traces of antibiotic T were found in the
urine of mice treated with 200 to 400 mg/kg intravenously, but none in the
liver, spleen or lungs, which organs were homogenized and tested either
directly or after extraction with organic solvents (the tissues were homogenized
with methanol, or the acetone-dried tissue-powder with benzene).

W hat is the cause of the drug’s disappearance is not yet clear. Dilution
with water of asolution of antibiotic T in propylene glycol resulted in precipita-
tion of the drug. When diluted with serum, on the other hand, antibiotic T
was kept in solution in amounts up to several hundred ug/ml. Even if anti-
biotic T is precipitated in the tissues, the amount soluble in water (0.1
mg/ml) ought to have been demonstrable. It was therefore supposed that
antibiotic T underwent inactivation in the blood or tissues. This assump-
tion was substantiated in the experiments to be reported below, but even this
fact could not explain the absence of any measurable serum level 5 to 10
minutes after the intravenous injection, since inactivation takes more time
than a few minutes.

Inactivation of antibiotic T in blood was investigated as follows. Human
blood as well as cat, rabbit, guinea pig and rat blood were mixed with citrate
or heparin, and 0.1 mg/ml antibiotic T was added. Inhibitory action was meas-
ured immediately, as well as after incubation at 37°C. In spite of, that the
antibiotic activity immediately after mixing was identical with that ofthe water
control, it decreased as soon as 2 to 3 hours after incubation and disappeared
after 24 to 48 hours. (A representative experiment is shown in Table 11.)

Table 11

Decrease in activity of antibiotic T after incubation with blood

. . Diameter of Candida-inhibition, mm; incubation time
Solution containing

0.1 mg/mlantibiotic T

5 min. 3b 24h bile*
Physiological saline 20 18 18 16
Human citrated blood 19 15 0 -
Cat citrated blood 19 15 0 0

* Addition of bile-B to blood incubated for 24 hours.
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Though slower, this phenomenon took place alsoin human or mouse serum. W hen
antibiotic T was mixed with blood, the inhibitory activities in serum and in the
whole blood were roughly identical, a fact indicating that antibiotic T had
diffused into the red cells. No active principle could be extracted with benzene
from blood which had lost its antibiotic property after incubation for 48 hours.
Similarly, we were unable to recover antibiotic T, even if the protein was
precipitated either by heating or with a 5-fold volume of ethanol, and the
residue was analysed. It was supposed that perhaps antibiotic T was bound
to erythrocytes, and this binding prevented detection. Antibiotic activity
was, however, absent even after treating the 24 hour incubate with 2 to 3
drops/ml of bile producing haemolysis (Table Il). Since immediately after
mixing antibiotic T was recovered from the blood both when extracted with
benzene and after deproteinization with ethanol, our failure to demonstrate
the active principle after incubation indicate that antibiotic T was not only
bound to, but also inactivated by blood. Antibiotic T being an ester, an
ester-cleavage was supposed. Experiments with prostigmine or diisopropyl-
fluorophosphate used in concentrations between 10”3 and 10”6 M failed,
however, to substantiate the above assumption, a fact pointing to the possi-
bility of another type of inactivation.

The resemblance of antibiotic T to trichotecin was further supported
by the finding that trichotecin, too, is inactivated by blood, and this inactiva-
tion is not inhibited by prostigmine or diisopropylfluorophosphate. The serum
level of trichotecin behaved also in a similar fashion: after the intravenous
injection to mice of 200 mg/kg trichotecin, a measurable serum level persisted
only for 10 minutes.

Inactivation of antibiotic T proceeded in liver suspension even more
rapidly than in serum. Rat or mouse liver was homogenized and diluted with
an antibiotic solution in physiological saline to give a final volume three
times the wet weight of the organ. An inhibitory effect on Candida was absent
even immediately after mixing. When the suspension was extracted with
benzene the active principle was recovered | hour after incubation, but not
after two hours. The absence of inhibitory action in the first hour — without
extraction — was due to the fact that the liver suspension had split the
antibiotic before this latter would have diffused into the agar.

As no blood level was found in small animals, antibiotic T does not
promise to be suitable for treatment of systemic mycoses. But antimycotics
have two further therapeutical indications. One of these is their local applica-
tion in infections of the skin, the other is to inhibit the multiplication of yeast
cells in the gastro-intestinal tract after treatment with broad-spectrum anti-
biotics.

Local administration is only possible if the substance does not cause
pathological manifestations on the skin. Unfortunately, this is not the case
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with antibiotic T. When a 0.1 to 1 per cent solution of the antibiotic in oil,
propylene glycol or 50 per cent ethanol was applied on the epilated skin of
guinea pigs, on the inner surface of the rabbit ear, or on the volar surface of
the human forearm, it caused within a few days pruritic erythema or even
sloughing. In humans, these symptoms often occurred as soon as following
the first painting. The symptoms healed within 1 to 2 weeks, depending on
their extent. Trichotecin also irritated the skin [4]. When applied on the rabbit
eye in 0.01 per cent solution in water or in a 1 per cent solution in oil, anti-

biotic T caused no irritation. Its 0.1 per cent solution in 10 per cent methanol
and 5 per cent glucose gave rise to one drop of thick discharge, but no further
change.

Fig. 1shows the effect of antibiotic T on the yeast cell count in the faeces
of mice fed with an Oxytetracycline containing diet. As seen, 250 mg/kg of
antibiotic T decreased the yeast-cell count by 95.4 per cent. A lower dose
(50 mg/kg) was ineffective. In other experiments performed for comparison,
99 per cent reduction in the yeast-cell count was produced by 100 mg/kg
(= 33 000 U/kg) nystatin and 100 mg/kg trichotecin, resp. — 250 mg/kg ofanti-
biotic T is, however, such a high dose as making impossible the use of the drug
in human therapy.

Even though no blood level count could be demonstrated after the ad-
ministration of antibiotic T, an attempt was made to examine its action on
experimental Candida infection, considering that some antibiotics, although
failing to show a blood level, are effective against infections of the mice
(mycamycine, [7]). Table Il summarizes the results obtained in one group
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Table 111

Effect ofantibiotic T and nystatin on the experimental Candida-infection in the mouse

Exit, hours Growth of Candida alb. from
No. | Mean i
Treatment of survival Atot;me perito- heart
mice 40 45 48 63 266 384 time, hours death, 'neum Kidney  plood
hours
— 4 | 2 - 101 48.2 63 + + +
75 mag/kg
antibiotic T 4 2 — 2 51.4 63 + +
75 mg/kg
nystatin 5 1 1 ]:, 1 - 224.4 40 + m

of infected mice. Antibiotic T was administered dissolved in oil, nystatin
suspended in water. The control mice received sunflower oil, only. Antibiotic
T was either absorbed from, or inactivated in situ, as the oil aspirated from the
site of injection 24 hours following treatment was not more effective.

The animals were treated by the subcutaneous route both immediately
after infection and at 24 hours intervals thereafter. Antibiotic T and the oil
were given twice, while nystatin 6 times. Inoculation was made by the intra-
peritoneal injection of 75 million Candida cells, the lowest dose which caused
100 per cent mortality in preliminary experiments. The animals were observed
for 16 days following infection, as it is known from the paper of Brown and
Hazen [5] that mice succomb to the infection in 1to 2 weeks. Samples taken
from the organs of the died animals were inoculated on Pg slant agar contain-
ing chloramphenicol. This was done to ascertain the Candida infection. In
other experiments, the mice were infected with 100 million cells and treated
with 100 mg/kg antibiotic T. These animals died even sooner than did the
controls, while mice treated with the same amount of nystatin survived
longer.

Unlike antibiotic T, the alcohol-component obtained from it after
hydrolysis is easily soluble in water. When applied in a 1 per cent aqueous
solution, the alcohol did not cause irritation on human skin, and produced
but slight irritation even when dissolved in 50 per cent alcohol. The antifungal
effect of the alcohol-component is not inactivated by the blood. Hence, it
possesses properties more favourable than does the original compound. Un-
fortunately, its antifungal effectiveness is 200 times less than that of anti-
biotic T. In the hope to obtain antifungal substances with more favourable
properties, attempts will be made to esterify the alcohol with other acids and
also to prepare some other derivatives.
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UNTERSUCHUNG DER ATHEREMPFINDLICHKEIT
BEI JUNGEN UND VOLLENTWICKELTEN TIEREN
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Livia Issekutz
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(Eingegangen am 22. Januar 1960)

1. Die Wirksamkeit des Athers wurde im Narkosegefa an kleinen 30—40
schweren sowie an grofen 350 g schweren Ratten untersucht und festgestellt, dal
die kleinen Tiere empfindlicher als die grolRen sind, denn sie fallen bei einem niedrigeren
Vol.% des in der Luft bestimmten Athers in Schlaf als die grof3en Tiere. Die bis zu
ihrem Erwachen aus der tiefen Narkose verstrichene Zeit ist gleichfalls l&nger und
schlieBlich ist fiir die kleinen Tiere bereits ein Ather-Vol.% tddlich, den die groRen
Tiere noch Uberleben.

2. Die Ursache dieses Unterschiedes in der Atherempfindlichkeit liegt ver-
mutlich darin, dal® der Wassergehalt im Korper der kleinen Tiere groer ist und daher
der Ather sich vermutlich besser als im Korper der grof3en Tiere l6sen kann. Teilen wir
die in mg% gemessene Athermenge des im Korper der Tiere absorbierten Athers
durch den mg% des in der GefaB-Luft verbleibenden Athers, dann ist der so erhaltene
Verbrauchskoeffizient bei den kleineren Tieren grof3er als bei den grofen.

3. Der bei todlicher Atherkonzentration gemessene Verbrauchskoeffizient ist
vermutlich deshalb niedrig, weil die Tiere schon eingehen, bevor noch die Lésung
und gleichméRige Verteilung des Athers in ihrem Korper erfolgen konnte.

Im Laufe der Untersuchungen von der narkotischen und toxischen W ir-
kung der peroxydhaltigen Ather (woriiber an anderer Stelle berichtet wird)
mufite die Frage erdrtert werden, inwiefern das Alter und das Kdérpergewicht
der Tiere ihre Atherempfindlichkeit beeinfluRt. Besondere Aktualitit erhielt
dieses Problem durch die Uberraschende Behauptung von J. Sajner [1], daB
junge, 6 g schwere Mdause bzw. 30 g schwere Ratten ungeféahr finfmal weniger
empfindlich gegeniiber Ather sind als vollentwickelte 20 bzw. 150—400 g
schwere Tiere.

Methoden

In meinen Versuchen gebrauchte ich das Praparat Aether ad narcosim Ph. Hung. V.
mit welchem 24 Stunden hungernde Ratten narkotisiert wurden. Auf dem gut schlieRenden
Plexiglasdeckel des 10 Liter Glasgeféalies waren drei Offnungen. Durch die mittlere Offnung
reichte in den Luftraum des Gefal3es die Achse eines Mischmotors, an deren Ende in einer Hohe
von ungefahr 15 cm vom Boden des Gefales eine Filtrierpapierscheibe befestigt war. Durch
das Drehen dieser Scheibe wurde die gleichmaRige Verteilung des Athers im Luftraum gesichert.
Die zweite, mit einem Kkleinen Korken verschliebare Offnung diente zum Einspritzen des
Athers auf die Filtrierpapierscheibe und zwar so viel, bis die gewunschte Konzentration erreicht
wurde. Durch die dritte, mit einem Hahn versehene Offnung des Deckels reichte ein Kapillar-
réhrchen in das GefaR, bis in den Luftraum unter dem Filtrierpapier. Durch dieses Rohrchen
wurde am Ende des Experimentes mit Hilfe von zwei 20,00 ml fassenden, mit Quecksilber
gefiillten Gasburetten die Luftprobe zwecks der Bestimmung des Athervolumenprozentes
entnommen. Die Bestimmungen erfolgten nach der Methode von G. K arber [2].
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Zur Untersuchung der Atlierempfindlichkeit von jungen 30—40 g schweren und von
beinahe zehnmal schwereren erwachsenen Ratten wurden gleiéhzeitig 2 junge und 2 erwach-
sene Tiere in das Gefal gelegt. Auf diese Weise wirkte jeweils die gleiche Atherkonzentration
auf beide Tiergruppen. Die Experimente begannen mit einer ganz niedrigen Konzentration,
die danach stufenweise bis zur todlichen Konzentration erhoht wurde. Nach 30 Minuten
lang dauernder Narkose erfolgte von zwei entnommenen Luftproben die Bestimmung der
Atherkonzentration. Zur Messung der Tiefe der Narkose erwies sich die Bestimmung der bis
zum Erwachen der Tiere erforderliche Zeit als sehr geeignet, denn offensichtlich ist das der
im Tierkdrper angehauften Alhermenge proportional, denn je mehr Ather das Tier ausatmen
muf3, um so ldngere Zeit wird bis zu seinem Erwachen vergehen. Deshalb wurden nach Ab-
schlu des Experimentes die Tiere aus dem Narkosegefal? herausgenommen, und mit Hilfe
einer Stoppuhr die Zeitspanne gemessen, bis die Tiere an frischer Luft von selbst, oder auf
schwaches Kneifen, aufstanden.

Ergebnisse

Die Experimente wurden der Tabelle | gem&R auf Grund der verwendeten
Atherkonzentration in acht Klassen eingeteilt. Innerhalb der einzelnen Klassen
waren selbstverstindlich die Atherkonzentrationen nicht genau die gleichen,
daher sind auch die mittleren und die zwei Grenzwerte angegeben. Aus Tabelle
| ist ersichtlich, daBR die Atherempfindlichkeit von kleinen Ratten groRer als
die Empfindlichkeit der groRen Tiere ist. Das beweist der Umstand, daf
2,84 Yol.% Ather bei allen 14 kleinen Ratten eine Narkose hervorrief, wahrend
von 14 groBen Ratten nur 9 einschliefen, 5 blieben wach. Die Zeit bis zum
Erwachen war bei den kleinen Tieren 1'48,4", bei den grofRen U41,7". Dem-
nach kann in dieser Beziehung kein signifikanter Unterschied wahrgenommen
werden.

In der nachfolgenden Klasse (3,5 Yol.%) schlief von 18 Tieren bloR eine
grolle Ratte nicht ein. Die Zeit bis zum Erwachen betrug bei den kleinen Tieren
2' 28", bei den groBen dagegen 1I'L13,1", der Unterschied ist demnach ziemlich
bedeutend. In der I1l. Klasse (5,21 Vol.%) verschwindet jedoch dieser Unter-
schied wieder, denn beide Tiergruppen erwachten in einer Zeit vonT”™I1” bzw.
7'25” .

In der folgenden 1V. Klasse (6,97 Vol.%) ging bereits 41,5% der kleinen
Ratten ein, wé&hrend die groBen Tiere selbst noch in der V. und VI. Klasse
(8,3 bzw. 9,3 Vol.%) die Narkose bis auf ein einziges Tier (10%) Uberlebten,
obwohl diese Konzentration bei 70% der kleinen Tiere tédlich war. In der
VII. Klasse gingen alle kleinen Tiere, von den groRen Ratten jedoch bloR
50% ein.

Demnach ist die Atherempfindlichkeit der jungen Tiere groRer als elie
der vollentwickelten dlteren Tiere. Eines der Ursachen hierflir kénnte in dem
Umstand liegen, daR wihrend der Narkose der Ather im Korper der jungen
Tiere eine hohere Konzentration erreicht als im Kdrper der &lteren Tiere.

Das zu untersuchen habe ich eine Methode ausgearbeitet, mit deren
Hilfe verhdltnismiRig einfach die gesamte, von den Tieren inhalierte Ather-
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Tabelle 1

Vergleich der Atherempfindlichkeit von kleinen und grofRen Ratten

Durchschnittsgewicht der Ratten 37 g Durchschnittsgewicht der Ratten 350 g
Klasse Athe{}gﬁg&mlsch Zd%?I Wacn  Ner- Zeitnt]Jis ?r?ggﬁ %ahl Wach Nor-  Zeit bis Einge-
Zu
Tiere kose Erwachen o 0%) Tignl:e N kose Enﬁgg]hen gar;/%en
I 2,84 14 — 14 1'484" 0 14 5 9 1417 0
(2,58—3,06) + 119" +14,7"
u. 3,5 9 — 9 2'28" 0 9 1 8  1431" 0
(3,27—3,61) + 188" + 135"
in. 521 6 — 16 7'315" 0 6 - 16 7'25" 0
(4,7—5,69) +42,3" + 19"
AV 6,97 2 — 2 12'39" 415 12 - 2 1423 0
(6,4—7,46) + 1'51" (5 + T22"
V. 83 6 — 6  1648" 50 6 — 6 17'30" 0
(8,19—8,48) + 1'385"  (3) + 57,6"
VL. 93 0 - 10 1820" 70 0 — 10 24’54 10
(8,73—9,88) +1214" (7 + 57,2" 1)
VIL 111 8 — 8 — 100 8 — 8  26'5" 50
(10,1—11,8) ®) 223" (4
VIIL. 13,6 8 — 8  2440" 87,5
(12,2—14,53) G)

menge gemessen worden konnte. Die in unserem Institut seit mehreren Jahr-
zehnten gebrauchten MeRapparate fir Gaswechsel erwiesen sich zu diesem
Zweck als sehr geeignet. Der Apparat besteht aus einem 2 1 fassenden luft-
dicht verschloBenen Metallzylinder, der mit einem Warburg-Manometer ver-
bunden ist. Das vom Versuchstier erzeugte C02 wird vom Natronkalk im
Zylinder absorbiert, wéhrend der Verbrauch an 02 aus der,vom Manometer
gemessenen Druckverminderung berechnet werden kann. In der Regel waren
zwei Apparate in Betrieb, deren Behdlter sich in einem W asserthermostat von
30° C befanden. In den einen Apparat wurden zwei kleine Ratten und in den
zweiten eine groRe Ratte untergebracht, dessen Gewicht dem Gesamtgewicht
der beiden kleinen Ratten ungefédhr entsprach. Nach 107 dauernder Durch-
stromung der Behé&lter mit 02 wurden die Hé&hne verschlossen, und in 10
Intervallen der 02-Verbrauch der Tiere gemessen. Als der Verbrauch bereits
gleichmdRig geworden war, erfolgte durch den Metallhahn des Stoffwechsel-
gefédBes aus einer zum Konus des letzteren genau angepaliten, kalibrierten

5 Acta Physiologica XV I11/3.
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Tuberkulinspritze die Einspritzung der gewiinschten Athermenge, wahrend an
den zum Manometer fiihrenden Gummischlauch eine Péansche Klemme ange-
legt wurde. Dadurch gelang es zu verhindern, daB der durch die Atherver-
dampfung hervorgerufene Uberdruck die Brodielésung aus dem Manometer
heraustreibt. Das Ather-Luftgemisch im GefidB wurde durch den Metallhahn
mit Hilfe einer 20 m1 Spritze mehrmals aufgesogen und auf diese Weise durch-
gemischt. In 20—30 Minuten war der Uberdruck ausgeglichen, weil die Tier-
kérper einen Teil der Atherdampfe aufgenommen hatten, und von diesem
Zeitpunkt an konnte der 0 22Verbrauch der narkotisierten Tiere gemessen wer-
den, der sich als nicht wesentlich weniger als der 02Verbrauch vor der An-
wendung des Athers erwies. Das Aufhdren des Oa-Verbrauchs zeigte das Ein-
gehen der Tiere sofort an. Die Narkose wurde w'dhrend 60 Minuten aufrecht-
erhalten. Danach folgte die Entnahme von je zwei Luftproben aus den Stoff-
wechselgefédBen, worauf die Tiere aus dem Apparat herausgenommen, an die
frische Luft gebracht, und die Zeit bis zu ihrem Erwachen gemessen wurde.
Nachdem zu den Experimenten immer die gleiche Tuberkulinspritze
verwendet wurde, konnte ich die Ather milligramm-Mengen, nach Eichung,
aus den milliliter-Mengen ausrechnen, z. B. 0,5 ml — im Mittelwert der Mes-
sungen 400 mg zbl%- In Kontrollversuchen erfolgte nach Einspritzen von
0,5 ml Ather Kontrolle der Athermenge in der Luft des Behdlters, wobei in
diesem Fall die Verdampfung des Athers ohne Anwesenheit der Tiere vorge-
nommen wurde. Die Titrierung ergab folgende Resultate, z. B.: 402, 400, 398,
397, 393 mg; im Mittelwert 396 ~3,5 mg Ather, was einer Bestimmung einer
Genauigkeit von 0,87% entspricht.
In Tabelle Il sind die an 52 kleinen 40— 65 g schweren Ratten, in Tabelle
Il jene an 34 grélReren, 95— 145 g schweren Ratten durchgefuhrten Experi-
mente zusammengefalt. In dieser Serie wurden die Tiere auch der Atherkon-
zentration gemdR in 5 bzw. 6 Klassen eingeteilt. Aus der Bestimmung des
Vol.% des Athers in der Luftprobe erfolgte die Berechnung der Menge des in
der Luft des Apparates gebliebenen gesamten Athers. Nach Abzug der er-
haltenen Menge aus der mit Hilfe der genau geeichten Tuberkulinspritze ein-
gespritzten Athermenge, wurde die, durch die Tiere verbrauchte Athermenge
in mg erhalten, was in den Tabellen auf 100 g Kdrpergewicht im Mittelwert
E (x—xf
n(n 1)
nete, Streuung dieses Mittelwertes sowie der Probitwert der Unterschiede
zwischen den verschiedenen Tiergruppen angefihrt (Tabelle 1V).
In der Klasse la war die Atherkonzentration 3,18 Vol.% = 10,5 mg%.
Die Tiere schliefen alle ein und nach einstindiger Narkose erwachten sie in
Im Organismus der Tiere befand sich 176,6 mg% Ather, also ist der
Verbrauchskoeffizient der Atherkonzentration im Tierund in derLuftK = 16,7.
Das Ergebnis der Gruppe Ib der groBen Tiere war dhnlich, doch erfolgte das

angegeben ist. Ferner wurde die mit Hilfe der Formel berecli-
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Atherluftgent.

Vol. % mg % Zahl
3,18 10,5 12
(2— 4,05)
5,38 17,7 6
(5—5,78)
6,33 20,9 14
(6—6,57)
7,48 24,7 14
(7,08— 7,96)
9,16 30,2 6
(8,95—9,61)

Atherluftgem.

VoL % ™y % Zahl
3,32 10,96 5
(2,4—3,99)
5,65 18,6 3
(5,23— 5,87)
6,49 21,4 8
(6,25— 6,78)
7,42 24,5 5
(7,1—17,73)
8,64 28,5 6
(8,03— 8,93)
10,33 34,1 7
(9,16— 11,5)

Tabelle 11

Tiere

Gew.
57

(50— 65)

46,2
(40— 55)

52
(44— 60)

48,8
(40— 65)

475
(40— 55)

Zeit bis zum
Erwachen

2'57"
+30,6"

8'20"
+1'13,2"

15'24"
+1'30,6"

19'12"
+1'09,6"

Tabelle 111

Tiere
Gew.
112
(95— 120)

120
(105— 140)

135,6
(125— 140)

130
(115— 145)

118
(100— 140)

131,4
(100— 140)

Zeit bis zum
Erwachen

6'30"
+2'10,2"

14

21'30"
+6'49,2"

20'48"
+1'69"

Eingegan-
%

0

15

64,4

Einge-
gangen
%

0

66

100

Atherverbrauch
mg/100 g

176,6
+ 16,42

283
+17,9

277
+24.,6

223
+25,4

126
+15,8

Atherverbrauch
mg/100 g

165
+11,4

176
+47,6

214
22,7

161
+24,4

193
+30,5

209
+26,1

237

Ver-
brauchs-

koeff. K.

16,7

13,2

9,03

Ver-
brauchs-
koeff. K.

15,05

9,4

10,0

6,5

6,9

Erwachen langsamer. In der Klasse Il erwachten auf Wirkung von 5,38 bzw.
5,65 Vol.% Ather die kleinen Tiere in 8'20'', die groBen in 14', obwohl der
Korper der letzteren bedeutend weniger Ather enthielt.

In den Klassen Il und IV gingen von 6,33 bzw. 7,42 Vol.% Ather 15

bzw. 64,4%

der kleinen Tiere ein, wahrend alle groBen Ratten am Leben

blieben. Es ist interessant, daB im Kdorper der kleinen Tiere in den Klassen 11

5*
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Tabelle 1V

Vergleich des in Tab. Il und 111 angefiihrten verbrauchten Athers in mg/100 g Ratte mit
Probitberechnung

Tiergruppen t P Freiheitsgrad
Loa—1 @i, 3,251 <0,001 "
(LT R LV U 1,524 <0,1 12
IV, 8,V @i 2,344 <0,05 8
(R 1 | O OO 1,583 <0,1 11
[ T P SO 0,556 <0,5 15
T @111 B 1,88 <0,05 13
IV, @ IV D 4,956 <0,001 10
and 111 wesentlich mehr Ather erhalten war als im Korper der groRen Tiere.

Dies ist auch deutlich aus dem Unterschied zwischen den Verbrauchskoeffizi-
enten ersichtlich. Der letztere ist bei den kleinen Tieren um 6,5 bzw. 3,2
gréBer, woraus hervorgeht, daB der Ather sich in ihrem Kérper infolge des
grofReren Wassergehaltes besser lost als im Kdrper der groBeren Tiere. Dies
dirfte auch die Ursache dafiir sein, dafl die kleinen Tiere bereits bei einer etwas
niedrigeren Luftdtherkonzentration eingehen als die groRen. Obwohl wurden
in dieser Versuchsserie keine so signifikanten Unterschiede gefunden wie in
der ersten Serie. Wahrscheinlich wohl aus dem Grunde, dalR in der zweiten
Serie nicht 350 g schwere, sondern blo 120 g schwere Tiere verwendet wurden.

Es war bemerkenswert, daB bei Anwendung der todlichen Atherkon-
zentration der Verbrauchskoeffizient des Athers eine starke Verminderung
zeigte. Vermutlich kann das mit dem Umstand erkldrt werden, daR sich die
Blutzirkulation und die Atmung der Tiere verschlechtert, wodurch der Ather
sich nicht im ganzen Kdrper gleichméRig verteilt, und auf diese Weise kein
vollkommener Ausgleich stattfindet. Infolge der hohen Atherkonzentration
setzt die Ld&hmung des zentralen Nervensystems bereits zu einem Zeitpunkt
ein, wo die Ubrigen Organe noch nicht in einem dem Verbrauchskoeffizienten
entsprechenden MaBRe mit Ather saturiert sind. Dies geht deutlich aus den
Angaben der Tabelle Il hervor, denn je mehr Tiere eingingen, um so geringer
war die Athermenge im Korper der eingegangenen Tiere. In der Klasse Va
waren die Tiere sehr schnell eingegangen und deshalb konnten sie die, dem Ver-
brauchskoeffizienten entsprechende, Athermenge noch nicht aufnehmen. Die
grolReren Tiere waren offenbar resistenter, gingen langsamer ein, und hatten
daher Zeit zur Aufnahme einer gréReren Athermenge.

In dieser Versuchsserie dinkte der Ather toxischer, denn die Narkose
wahrte 60', und daher stand zur Aufnahme des Athers mehr Zeit zur Ver-
figung als in der ersten Serie, wo die Narkose bloB 3(¥Y dauerte. Eine &hnliche
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Tabelle V

Toxizitat des Aether nd narcosim im Falle von 30 bzw. 60 Minuten nahrend der Narkose bei Ratten
von verschiedenem Korpergewicht

Zahl und % der eingegangenen Tiere

N in 30 Minuten in 60 Minuten
Atherluftkonzentra- i
tilon im Glasgefal 1 Clasgefa® !  Stoffwechselapparat
Vol. %
’ Durchschnittsgewicht der Tiere in g
37 192 350 137 52 124
53 0 — — 0 —
0/16 0/6
6,3 — — 0 15 —
0/6 2/14
7,3 41,5 — — — 64,4 0
5,14 9/14 0/5
8,3 50 0 0 33 66
3/6 0/6 0/6 2/6 0/6
9,2 70 10 — 100
7/10 1/10 6/6
10,0 33 100 100
— 0/6 - 6/6 7
111 100 50
8/8 4/8
13,6 87
718
14,0 . 66
4/6
15,9 100
6/6

Toxizitdt zeigte sich als die Narkose auch im GlasgefdR 60' lang aufrechter-
halten wurde.

In Tabelle Y sind sédmtliche in bezug auf die Athertoxizitdt durchge-
fithrten Versuche zusammengefalt. Der Nenner der Bruchzahlen zeigt die
Anzahl der wahrend 30 bzw. 60 Minuten eingegangenen Tiere. Es ist auch
ersichtlich, daB die Toxizitit des Athers mit der Erhéhung des Korperge-
wichts der Tiere parallel abnimmt.
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Besprechung der Ergebnisse

Die beiden Versuchsreihen beweisen eindeutig, daR die Atherempfind-
lichkeit von kleinen,30—50 g schweren Tieren groRer ist als die Empfindlichkeit
von vollentwickelten, 120 bzw. 350 g schweren Tieren. Die Ursache hierfiur
liegt darin, daR bei gleichem Partialdruck des Athers im Kdérper von kleinen
Tieren eine groRere Athermenge gelost wird als im Kérper von groRBen Tieren,
d. h. der Verbrauchskoeffizient des Athers, der in mg% anzeigt, wievielmal
groBer die Atherkonzentration im Korper des Tieres als in der Luft ist, bei
den kleinen Tieren wesentlich hdhere Werte zeigt. Diese Beobachtung ist auch
fir jene Félle gultig in denen das Tier im Laufe einer 60 Minuten wahrenden
Narkose nicht eingeht und daher der Ather Zeit hat sich im ganzen Kdrper
gleichmé&RBig zu verteilen, sich vollkommen auszugleichen.

Infolge des grofReren Verbrauchskoeffizienten fallen die kleineren Tiere
bereits bei einem solchen Partialdruck des Athers in Schlaf, der bei groRen
Tieren noch keine totale Narkose hervorruft. Ein ausgeprégter Unterschied
kann auch hinsichtlich der tédlichen Atherkonzentration festgestellt werden.

Diese Ergebnisse stehen im vollkommenen W iderspruch zu den Versuchs-
ergebnissen von J. Sajner [1]. Die Ursache hierfir liegt meiner Meinung nach
teils darin, daB die von J. Sajner verwendete Methode zur quantitativen
Erfassung der narkotischen Wirkung des Athers kaum geeignet ist, und haupt-
sdchlich darin, dall die von J. Sajner zur Berechnung des »Verbrauchskoef-
fizienten« »K« gebrauchte Formel vollkommen falsch ist.

J. Sajner legte seine Versuchstiere in einen Exsikkator, durch den er
pro Minute 250 ml Ather-Luftgemisch durchstromenlieR. Mit Hilfe einer kali-
brierten Birette bestimmte er die Menge des bis zum Beginn der Narkose ver-
Zeit X Verbrauch

“Gewicht
Verbrauchskoeffizienten, den er bei kleinen Ratten im Durchschnitt fiinfmal
hoher fand als bei groen Tieren.

Diese Formel wdre aber nur in dem Falle annehmbar, wenn die gesamte
Menge des wahrend des Experimentes verdampften Athers in den Tierkdrper
gelangt wadre, genau so wie bei peroraler Einflihrung oder Injizierung. Nur in
diesem Falle kann man die Menge des eingefiihrten Pharmakons durch das
Gewicht der Tiere teilen und die Dosis z. B. pro kg Kdrpergewicht berechnen.
In den Versuchen von J. Sajner kann jedoch hiervon keine Rede sein, denn
laut den genauen Messungen von A. C. Guyton [3] macht das Minuten-
volumen der Atmung des Tieres in ml ausgedriickt % des Kdrpergewichtes aus.
Laut seinen Messungen atmet z. B. eine 63 g schwere Ratte in der Minute
56 ml, eine 171 g schwere Ratte 102 ml Luft ein. Folglich, wenn J. Sajner
bei seinen Experimenten durch das die Tiere enthaltende Gefdl pro Minute
250 ml Ather-Luftgemisch durchstromen lieR, konnten die kleinen Tiere bloR

dampften Athers. Mit der Formel K = berechnete er den
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1js— V10 Teil dieser Luft einatmen, die grofen dagegen sogar % —1 Teil. Somit
konnte bloR Vs /o Teil des verdampften Athers in den Korper der kleinen
Tiere gelangt sein. Es ist also véllig unmotiviert, die gesamte Menge des ver-
dampften Athers durch das Kérpergewicht der Tiere zu teilen. Je geringer das
Kdrpergewicht des Tieres ist, um so gréfRer wird natiirlich der Wert des auf
diese Weise berechneten »K» sein. Dies ist jedoch zur Bestimmung der
Effektivitit des Athers oder zum Vergleichen der Atherempfindlichkeit von
kleinen und grofen Tieren ungeeignet.

Bekanntlich ist die Wirkung der Inhalationsnarkotika von ihrem Partial-
druck in der Luft, d. h. von ihrem Vol.% abh&ngig. Zur Vergleichung ihrer
W irksamkeit wird in der Regel die Bestimmung der narkotischen und tédlichen
Dosis verwendet. AuBerdem kann auch das Gewichtsprozent im Blut oder im
ganzen Kdrper als Vergleichungsgrundlage dienen. W ahrend bei einer Gegen-
Uberstellung aus den obigen Gesichtspunkten die kleinen Tiere sich empfindli-
cher als die groRen erwiesen, konnte bei einem Vergleich der Atherkonzentra-
tion in ihrem Kodrper dieser Unterschied in der Empfindlichkeit gerade auf
dem Gebiet der narkotisch wirkenden Konzentration nicht erwiesen werden.
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K. Lissak—E. Endréczi:

Die neuroendokrine Steuerung der Adaptationstatigkeit

i61 pages, 13 tables, 45 figures. (The Neuroendocrine Control of
Adaptation.) The Publishing House of the Hungarian Academy of Sciences,

Budapest, 1960.

The axis of the adaptative mechanism
in response to stimuli directly or indirectly
threatening life had been considered by
Cannon to be the sympato-adrenal system.
Later, Setye placed two endocrine glands,
the pituitary and the adrenal cortex, in the
centre of that mechanism. Both theories are
valuable and have supplied new evidence as
to the physiology of functions connected with
adaptation, but both ignored the role of
the central nervous system in the mechanisms
aimed at maintaining or restoring the balance
between the organism and its environment.
This shortcoming is particularly obvious in
Selye’s theory concerning the so-called
diseases of adaptation, which he explains
solely by a peripheral event, notably by the
failure of an endocrine response. However,
it has been known for long from the work
of I. P. Paviov and his school that the
stimuli causing a functional overloading
of the central nervous system may become
the source of such conditions as have been
listed by Setye in the category of diseases
of adaptation.

As early as in the twenties, Hungarian
authors (F. Yerzah, A. Beznak and their
co-workers) observed that the adrenal
cortex increased in size in response to
intense physical work (muscle activity) and
to intensive environmental stimulation.
These results were undoubtedly the overture
to the “stress” theory of Setye, that aroused
great interest some 15 years later and which
is still the subject of extensive research by
hundreds of investigators.

The authors ofthis book had been engaged
in studies on the neuroendocrine control of

adaptation for the past decade; these inves-
tigations vyielded interesting results pla-
cing the whole problem in a new light.
Lissak and Endkoczi started from the
view that it was incorrect to ap-
proach the problem of adaptation by
placing the activity of some organ or system
of organs (e. g. the pituitary adrenocortical
system) into the focus of research, ignoring
their connections with the other endocrine
organs and with the central apparatus
controlling the function of all organs. This
view is emphasized throughout the book.

The first two chapters deal with the
functional morphology of the anterior pitui-
tary lobe and the adrenal cortex, as well
as with cortical secretion during rest and
stress. Chapter 3 discusses the biosynthesis
of corticoids, the individual and species
differences in hormone secretion, the inter-
glandular effects on cortical activity and on
the effects of the tranquillizers. In Chapter
4 the authors discuss the methods of ACTH
assay, the factors controlling hormone sec-
retion. Chapter 5 deals with the role
played in the regulation of ACTH secre-
tion by the connections between the hypo-
thalamus and anterior pituitary. In Chap-
ter 6 the changes in the ACTH secretion by
the adenohypophysis in the course of onto-
genetical development are treated.

The most original material is to be
found in Chapters 7 and 8. These chap-
ters supplement the earlier “decapitated”
theories concerning the mechanism of
adaptation to strain and stress, and
deficiencies of earlier theories by placing
the role of the central nervous system in
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the mechanism of neuroendocrine adap-
tation in a light it undoubtedly deserves.

The rather heterogeneous, but throughout
interesting Chapter 7 deals with the changes
in neuroendocrine responses following the
severing of the fronto-orbito-hypothalamic
connections and the removal of the orbito-
frontal cortex. It is in this chapter that a
description is given of the experiments in
which the authors succeeded in eliciting
different forms of behaviour associated with
a depletion of adrenal ascorbic acid by the
use of electrodes built in the fronto-orbital
cortex of the rat. The rest of the chapter is
devoted to the stress reactions elicited by
the stimulation of the hypothalamus, tha-
lamus, hippocampus and nucl. amygdalae,
preponderantly on the basis of the authors’
own experiments. Stimulation of the hippo-
campus inhibits pituitary-adrenal activity,
that of the nucl. amygdalae causes an
increase of secretion. Thus, hippocampus
and amygdala consitute a functional unit,
connected with the system of hypothalamic
nuclei through the fornix and septum. The
system as a whole plays an important role
in the forming of behaviour and in the
integration of different automatisms. A
further evidence derived from the stimu-
lation experiments is that stimulation of the
lower part of the hypothalamus and of the
tegmentum gives rise to a merely quanti-
tative increase of cortical hormone secretion,
while by the simtulation of the archi-
striatum and pyriform gyrus the composi-
tion of the secretion is also changed.

In Chapter 8 are discussed the psychoses
resulting from the administration of cortical
hormones, the central nervous hypersensi-
tivity resulting from treatment with such
hormones, and the enhancing effect of the
pituitary-adrenocortical system on epileptic
seizures. The authors emphasize the impor-
tance of a decreased pituitary-adrenocorti-
cal sensitivity in the genesis of schizophrenia.
In schizophrenics namely the hypothalamic-
pituitary-adrenocortical system is less res-
ponsive to stressor effects, on the one hand;
on the other hand, the interventions favour-
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ably influencing the disease (prefrontal loho*
tomy, insulin hypoglycaemia, cardiazol con-
vulsions) are all pituitary-adrenal activators.
— Also in this chapter are discussed the
effects of the anterior pituitary and adreno-
cortical hormones on the higher nervous
activity of animals. It is a remarkable ob-
servation that in dogs of the phlegmatic
and melancholic neurotypes ACTH admi-
nistration strongly intensifies the conditioned
defensive and alimentary reflexes, while it

hardly affects the conditioned reflexes,
in dogs of choleric and sanguinic types.
The duration of external inhibition
caused by pain goes parallel with the

amount of hydrocortisone secreted; the
inhibition lasts longer when hydrocortisone
output is increased. Correspondingly, the
duration of this inhibition of the conditioned
reflex may he prolonged by the administra-
tion of hydrocortisone. From this the auth-
ors conclude that hydrocortisone acts on a
system in the brain which is involved in
establishing temporary connections. It is
also in this chapter that the authors describe
their observation in rats that ascorbic acid
depletion in response to stressor effects is
proportionate to the duration ofthe inhibi-
tion of the conditioned alimentary reflex.

It is impossible to discuss in detail the
wealth of the interesting, novel data and
their original interpretation. Ultimately,
a new synthesis is taking shape in this book,
that elevates to a higher plane our former
conception of the neuroendocrine control of
adaptation. One or another of the views
put forward by the authors, especially those
in the last chapter, may remain contro-
versial for some time, but it is unquestio-
nable that the experiments and the conclu-
sions courageously derived from them are
of fundamental importance and will cer-
tainly serve as a guide in further research
concerned with the neuroendocrine control
of adaptation.

The quality of the book and the print-
ing praise the publisher and the printers
alike.

I. Went
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B. W. Zweifach:

The Microcirculation

(Symposium on Factors Influencing Exchange of Substances Across Capillary
Wall). Proceedings ofthe Fifth Conference on Microcirculatory Physiology and

Pathology,
1950 (170 p.).

In the volume the papers and discussions
of the Conference are briefly presented.

D. W. Fawcett discusses the electro-
microscopic histology of the vessels on the
basis of data in the literature and personal
observations. In contrast to the findings
with light microscopy, no appreciable mor-
phological sign of an intercellular space be-
tween endothelial cells occupied by inter-
cellular cement could be detected. — E. M.
Renkin, concluding from experiments and
calculations considers the diameter of the
hypothetical capillary pores 60—70 A in
mammalian skeletal muscle. — According
to L. Sapirstein, plasma volume appears
to be definitely higher after estimation by
labelled protein, compared with labelled red
cells and haematocrit values. Obviously,
capillary wall and basal membrane must
be permeable for plasma proteins, and the
capillaries thus be surrounded by barriers of
plasma. — J. Arnold discusses the pro-
perties of artificial membrane corresponding
to the model of capillary wall. The technique
of production of appropriate membranes is
presented. — J. summarizes the
problems of diabetic angiopathy. = J. W.
Irwin and co-workers observed during
passive anaphylaxis “hyaline” emboli and
definite vasoconstriction in the pulmonary
arteries of living rabbits. — The paper of
W. H. Kinstey and M. S. Mahaley jr. is
concerned with the problem of tumour méta-
stasés and microcirculation. — S. Baez
presents a technique developed for the
in vivo microscopic analysis of the intestinal

Ditzel

Buffalo, April 1958. — The University of Illinois Press, Urbana,

vascular bed in rats. It is a remarkable
finding that submucous arterial arcades
flow is two-directional blood. During hae-
morrhagic hypotension the muscular coat
may be entirely excluded from the circu-
lation, while mucosal arteries exhibit con-
tinuous blood flow. — After injecting albu-
min labelled with 131l into a cannulated leg
lymphatic duct of the dog, H. S. Mayerson
observed that Ilymphatic proteins of the
extremity in question return without loss
and apparently only via the thoracic duct
into the vascular system. M. C. Brown and
L. Warner describe their reflecting micro-

scope supplied with a colour television
system. The method is suitable for the
visualization, e. g. of the retinal vessels.

— B. W. Zweifach produced a special
preparation of the skin of the rat to study
the cutaneous circulation from the under-
surface. He demonstrated the great sensi-
tivity of the venous network to temperature
changes; a fall of 1—2°C increased the
response to epinephrine as much as tenfold.
The sensitivity of skin capillaries to 5-hy-
droxytryptamine is also marked, producing
changes at concentrations as low as 10—0
/tg/m1.

The presentation of the volume must be
considered excellent, the figures are tech-
nically first rate; the electronmicroscopic pic-
tures and microphotograms are instructive.

The book is warmly recommended to
all those concerned with the problems of
microcirculation and permeability.

P. Goemort
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Henrik Lundegardh, Penningby (Schweden) :
Pflanzenphysiologie

VEB Gustav Fischer Verlag, Jena, 1960. 717 Seiten mit 283 Figuren im Text.

Lundegardhs Name ist bekannt. Besonders populdr ist seineArbeit»Klimaund Boden«.
Die »Pflanzenphysiologie« ist die griindlich umgearbeitete deutsche Ausgabe seines vor 10
Jahren in schwedischer Sprache erschienenen Werkes Lehrbuch des »Pflanzenphysiologie und
Pflanzenanatomie«. In der ganzen Welt gibt es nur wenige umfassende pflanzenphysiologische
Arbeiten, und unter diesen zahlt Lundegardhs Buch zu den besten.

Zur Erhellung der grundlegenden Lebensprozesse der pflanzlichen Zellen und des pflanz-
lichen Organismus nimmt Verfasser auf breiter Basis die modernen biophysikalischen und bio-
chemischen Kenntnisse in Anspruch. Dieses Bestreben &ufert sich bisweilen so stark, dal die
speziellen pflanzenphysiologischen Gesichtspunkte ein wenig in den Hintergrund gedrédngt
werden.

Die ersten beiden Kapitel des Werkes befassen sich mit dem morphologischen und
chemischen Aufbau der Zelle und in diesem Rahmen unter entsprechender Betonung mit den
Protoplasmamembranen sowie den physikochemischen Prozessen, die sich an die Membrane
knupfen. Im dritten Kapitel werden die anatomischen Kenntnisse, welche die Grundlagen der
physiologischen Prozesse bilden, in knapper Form zusammengefaRt.

Es ist fur den Leser nicht ganz klar, was den Verfasser dazu veranlalt hat, unter den
grundlegenden Lebensprozessen an erster Stelle die Fragen der Photosynthese zu behandeln,
noch bevor er die Fragen des Wasserhaushalts und der Mineralerndhrung besprochen hétte.
Diese Einteilung laBt sich auch damit nicht begriinden, da er die enzymatischen Prozesse
und Energietransporterscheinungen des Organismus vorher darzustellen winschte, weil er
diese Fragen im folgenden Kapitel »Atmung und Géarung. Enzymchemie« fast als selbstandige
Einheit erdrtert. In diesem Abschnitt lernen wir den modernsten Stand der Beziehungen zwi-
schen Photosynthese und Kohlenhydratbildung sowie -Verwertung kennen. Die sehr aktuelle
Probleme der photosynthetischen Phosphorylation werden hingegen in diesen Kapiteln nur
kurz berihrt.

Das sich mit dem Stickstoff-Stoffwechsel befassende 6. Kapitel schliet sich dem voran-
gegangenen auf der Grundlage an, daR die Atmosphére die Urquelle auch dieses ausschlag-
gebend wichtigen organogenen Elementes bildet. Dieser Abschnitt ist besonders abwechslungs-
reich, und hier tritt die dkophysiologische Betrachtungsweise des Verfassers am deutlichsten
zutage.

Fir die Kapitel, welche die Mineralerndhrung und den Wasserumsatz behandeln, ist
weniger die ausfihrliche Erdrterung der Themen bezeichnend als die Hinweise auf die neuesten
Literaturangaben.

Im 10. Kapitel werden die Keimung, das im engeren Sinne verstandene Wachstum, der
Mechanismus der Phytohormone sowie die Wechselwirkungen des Wachstums und der Um-
weltbedingungen analysiert. Sehr grindlich ausgearbeitet ist das letzte Kapitel, das sich mit
den Bewegungen der Pflanzen befaft.

Es wére unrichtig zu verschweigen, daB wir in der Arbeit einiges vermissen. Einige
theoretische und praktische Fragen der modernen Pflanzenphysiologie werden gar nicht er-
wahnt, z. B. die der Entwicklungsphysiologie sowie die physiologischen Beziehungen der Ver-
nalisation, der Blutenbildung, Bestaubung, Befruchtung und Fruchtbiludng. Vollstandigkeit
darf man auch von einer derart umfangreichen und hohen Ansprichen gerecht werdenden
Arbeit nicht erwarten, dennoch meinen wir, daB der Leser im Interesse einer ausfihrlicheren
Besprechung der eben angefihrten Themen auf die Zusammenfassung der aus anderen Arbei-
ten bekannten pflanzenanatomischen, enzymchemischen, ja auch der wiederholt anzutreffen-
den rein organisch-chemischen Grundlagen gern verzichtet héatte.

Alles in allem stellt Lundegardhs Werk nicht nur fir die Studenten, sondern auch fir
junge Forscher eine nitzliche Arbeit zur Einfuhrung in diesen Wissenschaftszweig dar. Das
weitere Studium der Pflanzenphysiologie wird durch mehr als 2000 bibliographische Hinweise
erleichtert. Ein besonderes Lob verdient die schone und sorgfaltige Ausstattung des Buches.

A. Faludl Daniel

A kiadasért felel az Akadémiai Kiad6 igazgatdja Mszaki szerkeszt6 : Farkas Sandor
A kézirat nyomdaba érkezett : 1960. 1X. 5. — Terjedelem : 6,50 (A/5) iv, 22 &bra

1960.52029 — Akadémiai Nyomda, Budapest — FelelGs vezetd : Bernat Gyorgy



ACTA PHYSIOLOGICA
TOM. XVIII. — BbIM. 3
PE3SIOME

OUNCTKA PUBOHYKJ/IEMHOBOW KWC/OTbIl, UHOYKTUPYIOWEW CUHTES3
MNEHVUNNNNHASBI B KJIETKAX B. CEREUS

B. YAHW, M. KPAMEP n ®. b. WTPAYB

MprUMeHANUCL 1M COMOCTaBNANUCL [Ba MeTOfa OYMCTKU PUOOHYKIEMHOBOM KUCIOTbI
(PHK), nony4yeHHoli 13 obpasyloLnx NeHUUUAIMHA3Y KeTOK Bac. cereus. 3T ouuLLEHHble
npenapatbl PUGOHYKMIENHOBON KMCNOTbl MMEKT MO CYLLECTBY TOT >XKe Camblii, MOBbILIAOLLMIA
06pas3oBaHue MeHULMNIMHA3LI B UHOYKTUPYEMbIX K/eTKax Bac. cereus 3pPeKT, YTO M ONUCaH-
Has paHblle HEOUULLEHHAs BbITSXKA.

MMony4yeHHble 3TUMK [BYMS MeTofamu npenapaTtbl PUOGOHYKIEMHOBOM KUCNOTbl, Kak U
HEOUULLIEHHAs BbITSXKKA, OblNM KOMMYECTBEHHO CpPaBHEHbl B OTHOLUEHUW WX OENCTBUS Ha CUH-
Te3 NeHUUUNINHa3bI.

Bbln0 ycTaHOB/EHO, YTO YPOBEHb HACbIWEHWS PUOGOHYK/IEMHOBOM KWUCNOTbI, VUMEHOLLMWiA
elle MOSIHYH aKTMBHOCTb, AO/DKEH ObiTb nopsigka 10-2—10 3 monekyn puboHYKNEeNHOBOM
KUCNOTbl Ha KJETKY.

O6ecyxaaeTca npegnonaraemas posib Crneunduyeckoii puO0HYKIENHOBOM KKUCNOTbl U
PVOOHYKEa3HOro BO3AENCTBUS.

MPEOBPA30OBAHME KOPTW3OH-ALEETATA B MEYEHOYHOWN TKAHW
PA3TINYHbIX BMNAOB XWMBOTHbIX B OlMbITAX L VITRO

b. BOXYW un 3. 3HAPOLUWN

B xoge metabonmsayum in vitro, B ne4YeHOYHON TKaHW KOPTU30H MpeobpasoBbIBaETCA
B MeHee MoMsipHble BMONOrMYECKN akTUBHblE KOPTMKOCTEPOUAbI.

Habntoganucek cnegyrowime npeobpasoBaHus:

1. MNyTem peruvapokcmnupoBaHua 17-a-nonyyaerca 11-4ernipoKOPTUKOCTEPOH.

2. OTwenneHvem 11-0/ OKcO-rpynnbl noslyyaetca y cobak 11-ae30Kcu-17-rnppokop-
TUKOCTEPOH.

3. Mpwn genctBum 11-rugporeHasbl 06pasyeTcs rMAPOKOPTU30H, CMOCOBGHbLIA K fanbHei-
LWMM Npeobpa3oBaHUsM.

MPEOBPA3OBAHME TMAPOKOPTU3OHA B TMEYEHOYHOW TKAHW COBAK,
KOLUEK, MOPCKMX CBMHOK M KPbIC B OlMNbITAX IN VITRO

b. BOXYLW un 3. SHAPOLN

B onbITax in vitro 6bl/10 YCTAHOB/EHO, YTO NeYeHOYHas TKaHb CobakK, KOLLEeK, MOPCKUX
CBMHOK M KpbIC Mpeobpa3oBbiBaeT MAPOKOPTU30H B MeHee MonspHble cBo6oAHble 4 —3-KeTo-
KOPTUKOCTEPOUAbI.

Habnioganuce cnegytowme npeo6pasoBaHus :

1. MNyTeMm AervapokcunupoBaHua 17-a — nosyyaeTcs KOPTUKOCTEPOH.

2. Mocne perngpokcmnupoBaHma 11-/? — nonyyaeTcs coeguMHeHuWe S PelixeHLITeliHa.

3. Mpu peiictBun 1\-R-gervaporeHasbl, M3 KOPTMKOCTepOHa nony4vaetcs 11-germapo-
KOPTMKOCTEPOH; 3Ta peakLms He MMEeeT MecTa B NeYeHOYHOM TKaHW MOPCKON CBMHKW U KOLLIKMW.

4. Tpwn peicTBUMM [?-ferngporeHasbl U3 TMAPOKOPTM30HA 06pasyeTcs KOPTU30H.



WCCNELOBAHME TEKCOKWMHA3HOW AKTUBHOCTW
MNP BCACBbLIBAHNN T/TFOKO3bI

N. ®PEXEP, N. AEWN n K. CANAWU

B onbITax in vivo Y KPbIC C yafieHHei MoYKoii, He 6bI10 0GHAPYXKEHO MapaniefbHo-
CTM MEX/y aKTMBHOCTbIO MEKCOKKHA3bl Y KO/MYECTBOM BCAChIBAEMON I/1OKO3bI.

AHANMN3 WN3MEHEHNA KWLWIEYHOIo BCACbLIBAHVMA BOJAbl, BbI3BBAHHOIO
BbITAXXKOWM 3AAHEW OO/IN TUMO®U3A, ¥ XUBOTHbIX, MPEABAPUTE/ILHO
OBPABOTAHHbLIX KOPKOBbIMW TOPMOHAMW

r. A, JOMBPAAN, ®. KPUNXA, T. AHYO n &. OBAN

C nomoLLb0 METOAUKM BcacbiBaHMsA Mo XopBaT—YMKCYy WCCNeA0Ba/IUCL 3aKOHOMeEpP-
HOCTW BcacblBaHUSI BOAbl M3 TOHKO KULLKWU Y KPbIC-CaMLOB, MPeABapUTENIbHO 06paboTaHHbIX
aleTatoM KOpPTU30HA W INHOKO3MAOM [e30KCMKOPTUKOCTEPOHA. VccnefoBaHusi pacnpocTpaHs-
UCb Ha feiiCTBME ABYX BELLECTB C rMaslypoHUAa3HbIM UMM XXe aHTUrnanypoHUaasHbIM aghdek-
TOM, C OfHOW CTOPOHbI Ha KMWLUEYHOe OCHOBHOE BcacblBaHWe, a C ApYroi, Ha BO3MOXHOe BO3-
[elicTBMe 3TUMM BcacbiBaHve, a C ApYroli, Ha BO3MOXHOe BO3AE/CTBUE 3TUMU Xe BeLecTBamu
Ha noBblILAlOLWMIA, BcacbiBaHWe BOAbl, 3(PEKT aHTUAMYPETUYECKOrO0 FOpMoHa. [onyyeHHble
pe3ynbTaTbl MOXHO Pe3lOMUPOBATL CreLyHOLLM 06pa3om:

1. B cny4vae NpMMeHeHUs1 06bIYHbIX PaPMaKOoI0rMyYecKUX 03, NPU COXPaHeHUN YHKLMK
KOpbl HaAMo4YeyHNKOB, aleTaT KOPTU30HA W T/IHOKO3U[ [e30KCMKOPTUKOCTEPOHA He W3MEHSIeT
MOCTOSIHHOFO OCHOBHOIO BCaCbIBaHWUSI (OM3MOMOTMYECKOr0 pacTBopa MOBapeHHOM COMuM U3 TOH-
KON KMWLLUKWN.

2. BHYTpMBEHHO-BBeJEHHAasi BbITsXKKA HEPBHOIO j OCKYTa BbI3bIBAET Y XXMBOTHbIX, Npes-
BapuTeNbHO 00paboTaHHbIX aLeTaToM KOPTW30HA, TO/IbKO He3HAYMTE/IbHOE MOBbILLEHME Bca-
cbiBaHuA. [MNpeaBapuTenbHas 06paboTka [/IHOKO3MAOM [1e30KCUMKOPTUKOCTEPOHA  CUTHUGDK-
KaHTHO He W3MeHSIET MOBbILIEHNS BCaCbIBaHWS.

Ha ocHoBe Mony4eHHbIX pe3y/bTaToB TeOpUs 0 MeAMaLMn TKalypoHUAasbl He KaKeTcs
[lOKa3aHHOIA.

CBA3bIBAHVME METUOHMHA 3 ¥ KPbIC,
COOEPXAHHbIX HA PEXWME NMNTAHWUA C HEAQOCTATKOM METUMOHUNHA

M. KEPTAW u M. LWIOLL

Y KpbIC, MNpefBapuUTe/IbHO COfEPXKAaHHbIX HA PEXUME MUTaHUA C HefoCTaTKOM MeTWO-
HWHa, [Ba Yaca Moc/ie BHYTPUBEHHOrO BBEAEHWUS METMOHMHA WS, PafiMO0aKTUBHOCTb MeueHn U
rofIOBHOTO MO3ra, MO CPABHEHMIO C KOHTPO/IbHLIMW JKUBOTHBLIMW, 3HAYMTENLHO MOBbILLEHA
(+ 30% 1 -f- 44%). AKTVBHOCTb MbILLIL, MOYEK W CbIBOPOTKU 6blNa y ABYX rPynmn KpbIC OAM-
HakoBoii. Cpean McCnefoBaHHbIX OPraHoB W TKaHel CBS3biBaHME METVWOHMHA, YKasblBatollee
Ha 6MOXMMUYECKYHO pereHepaLuio, MoBbILLAETCA GbICTPee BCEro B MeYeHU U B FO/IOBHOM MO3re.

NCCNEOOBAHME HOBOIO TMPOTUMBOIrPUBKOBOIoO AHTUBUOTUKA
E. TJIA3, E. WWEWBEP un K. NAPDALL

ViccnegoBanvck 6UOMOrMYeCKUe [eiCTBUMS HOBOFO MPOTMBOrPMOKOBOr0 aHTUOMOTMKA
(aHTM6MoTuKa T), MONYYEHHOro paHblle aBTOpaMy U3 Ky/nbTypbl Cephalosporium sp. Bbiio
YCTaHOB/IEHO, YTO 3TV [elicTBUS — BCMEACTBUE XMMUYECKOW CTPYKTYypbl aHTU6GMOTUKA T —
BecbMa MOf06HbI CBOMCTBaM TpUXOTeuuHa. poTMBOrpu6KoBOe [AeiCTBME in vitro CpaBHU-
TenbHO cnaboe M MMeeT PyHrucTaTuyeckuii xapakrtep. OH o6nafaeT BecbMa C/1aboil TOKCKY-
HOCTbH, OAHAaKO, (papmMaKOo/orMYecKoe UCCreJoBaHWe HaTa/IKMBanoCh Ha 60MbLuve TPYLHOCTU
BBUJY BeCbMa MJI0X0W pacTBOPMMOCTM 3TOr0 aHTUBMOTMKA B Boge. IMocne ero BBeeHUSI MbllLam



N KpbiCaM He YAanocb BbISBUTb 3(EKTUBHOr0 NPOTUBOrPUGKOBOIO YPOBHS B KPOBMW; NpUyu-
HOli 3TOro (hakTa SIBNSIETCS MO Bceli BEPOATHOCTU HabnogaeMasi MHaKTMBaLWA aHTUOMOTUKA
B KPOBW. 3apaKeHWsl Mbleli rpM6KoM Candida 3TM aHTUOGMOTMKOM Henb3s oTpaxaTtb. Ha
KOXe XXMBOTHbIX, KaK M YefioBeka OH OKasblBaeT pasfpaxkatoelliee AeicTBUe. Yncno fpoxike-
BbIX K/ETOK, MPUCYTCTBYIOLLMX B UCMPAXXHEHWUMN Mbllleli Moc/ie KOPM/IEHNS XXUBOTHbLIX OKCU-
TeTPaUUK/INHOM, YMEHbLUIAETCSl Ha [JeicTBMe BBefeHUs per os GOMbLUEA [03bl aHTUOGMOTUKA
T. CsoiicTBa asIkoronsi, Mosy4yeHHOro nMyTeM rMAponMsa aHTUGMOTUKa T YKasblBalT Ha To,
YTO MOMy4YeHWe NPOU3BOAHBLIX 3TOF0 asIKOro/isi MOXET NPUBECTU K BO3HWKHOBEHUIO NMPOTMBO-
rpMbKOBbIX COeAMHEHUA C 6NaronpuUATHBLIMW CBOMCTBaMW.

NCCNEOOBAHUVE YYBCTBUTE/IbHOCTU K 39UPY
HA MOJI0AbIX N B3POC/IbIX XXVUBOTHbIX

n. MWWEKYTL

1. B cocyge AN Hapkosa 6blia uccnegoBaHa apMeKTMBHOCTL ampa Ha MONOAbIX Kpbl-
cax Becom B 30—40 I, Kak 1 Ha B3pOC/blX Kpbicax, BecoM B 350 I, 1 6b10 yCTAHOB/IEHO, YTO
MOJI0AbIe XXMBOTHblE 60/1ee YyBCTBUTE/bHbLI YeM B3POC/ble, M60 OHW 3acbiNaloT Npu 6osee HU3-
KOM, OMnpejenieHHOM B BO3fyxXe 00beMHOM MpOLeHTe ampa, Yem B3poc/ble XUBOTHble. Bpems
[10 NpocbINaHns U3 rNy60KOro HapKo3a TakXe A/IMHHeE Y MOIOAbIX XXMBOTHbIX, U 4151 HUX 3dmp
y>Ke Mpy TakoM 06EMHOM MPOLIEHTe CMePTe/bHbIA, KOTOPbIA B3POC/Ible XXMBOTHbIE €LLEe XOPOLLO
nepeHocAT.

2. TIpMUMHOIA 3TOIM pasHULbl B HYBCTBUTE/IbHOCTU SIBAISIETCS, YTO B OpraHM3Me MOJOAbIX
YXMBOTHbIX COfep)XaHue Boabl 60/blUe, W, CneaoBaTeslbHO, 3hUp NPeANONOXKUTENBHO Jyylle
pacTBOpsieTCA, YeM B Tefle B3POC/bIX XMUBOTHbIX. EcAn genuTb KOIMYeCTBO M3MepPeHHOro B
Mr% 3dmpa, HaxoAsiLEerocsi B OpraHn3Me XXMBOTHbIX, Ha KO/IMYECTBO OCTaBLLErocsi B BO3AyXe
Mr% aupa, To NoAy4YeHHbIN KO3(h(ULMEHT BcacbiBaHWst 60/bLLE Y MOSIOALIX, YeM Y B3POC/bIX
XXNBOTHbIX.

3. /I3MepeHHbI Npy CMepTeNbHOM KOHUEHTpaumm agmpa KoahMUMEHT MOrI0WEeHNS
HU3KNIA, NPeAnoSIOKNTENIbHO MO TOM NPUYMHE, YTO XXMBOTHbIE NOrMBatoT elle A0 MOIHOrO pac-
TBOPEHMSI U PaBHOMEPHOrO pacnpegeneHns ampa B UX opraHusme.

DPOCPOPUJIMPObAHUME MNP PASNNYHbBIX OCMOTUYECKUX KOHLUEHTPALINAX
ALEHO3VNHANDOCPATA N TOKO3bl B N3OJTIMPOBAHHbLIX MUTOXOHAPUAX
FO/IOBHOIo0 MO3rA

A. POHBO n A. WIOMOAbWN

V130TOHMYECKON WHKY6aLueili M30/IMPOBaHHbIX MUTOXOHAPWEB TFO/IOBHOrO MoO3ra He
yfanocb BbISIBUTb (OCHOpUIMPOBaHUSA afieHo3uHAMGochaTa. B cnyyae runoToHUYeCKOW UHKY-
baunn ageHosmHandochaT hachopumpyeTcs.

B Tax npenapatax, rae OKWUCb/IeHVWEe UMUTUPYETCA HeJOCTaTKOM aKLenTopoB pocdaTa,
[blXaHWe MOBbILIAETCA afeHO3MUANANCPOCOPATOM TO/IbKO B FMMOTOHUYECKON cpefe.

C aKLenTopoM reKCOKMHasbI-r1ioKo3bl (HochopuIMpoBaHNe COCTOMTCS TakXKe B MU30TO-
HUYECKMX YCMOBUAX. ECAM NPUMEHSIETCS TEKCOKMHA3a B JIMMUTMPYHOLLEM KOMMYEeCTBE, TO
thocchopnmMpoBaHMe B TUMOTOHWMYECKMX YCMOBUAX 6O/bLUE, YeM B M30TOHMYECKUX. Ecnu xe
NOBbICUTb KOJIMYECTBO TEKCOKMHA3bl, TO pasHMLA CTaHOBMTCA MeHblle. [eKCOKMHasza MoBbl-
LIAeT fblXaHWe TaKXe B W30TOHUYECKUX YC/IOBUSX.



OAHHBIE K CEKPEUUWN KOPTUKOWAOB KOPbl HAAMOYEYHVKOB MOPCKOM
CBVHKN

0. TENEFAWN, 3. SHAPOLM u K. NNLWILLIAK

B BblgeneHnAX KOpbl HagmoYe4YHWKOB MOPCKUX CBUHOK 6bU10 06HapyxeHo 5 KopTu-
KomgoB: |. 2-a-rmapoKCMKOPTUKON Unn 6-/?-rugpokenkoptuson, Il. rmapokopTusoH, Ill. kop-
Tu3oH, V. KopTukocTepod, V. 11-0ervapoKOPTUKOCTEPOH.

B BblgeneHUAX Kopbl Hafno4YeyYHWKOB HEKOTOPbIX XMBOTHbIX, MMAPOKOPTU30H 06HapY-
)XeH B CaMOM 60/bLLIOM KO/IMYECTBe, @ OCTaslbHble KOPTMKOWAbI He YyAanocb 06HapY>XuThb.
Mocne 06paboTKM aApPeHOKOPTUKOTPONHbIM ropmoHoM (AKTE) o6liee BblaeneHne 3Haum-
Te/IbHO MOBbILLIAETCS.

Bec npaBoro v f1eBOro HagnoyeyHKa Kak 1 BeC HafnoyYeyYHUKOB CaMua M CaMKU 3Hauu-
TeNIbHO He 0T/IMYatoTCA Mexay coboii. Mocne BBefeHMA AKTE Bec Hafno4e4HNKOB MOBbILLAETCS.

OEVNCTBUE HEOOCTATKA. METUOHWHA HA OBPA3OBAHWE TFETEPOMEMO-
TPOIMNHA

I. BAUJA, U. PUTO v L. WIOLL

[aHHble aBTOPOB CNy)aT HOBbIM [J0KAa3aTe/IbCTBO TOF 0, YTO METUOHUH UTPaeT BaXHYH
posib B KNETOYHOIN M rymopasnbHoli 3awmute. KpomMe onuvcaHHbIX 40 CMX MOP —OLUeM U COTpYA-
HMKaMW BpefHbIX JeACTBUIA peXxMMa MUTaHUsl ¢ HeAOCTaTKOM METUOHMHA, HE06XOAMMO Y4YecTb
TaKXXe —/10 CUX MOP HEBbISICHEHHOE — MHTEHCUBHOE HapyLLeHVe OTBETHOM UMMYHHOM peakLuun
(reTepo-reMoTponuH).
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Biochemia

A SIMPLE AND SENSITIVE METHOD
FOR THE ESTIMATION OF INORGANIC PHOSPHORUS

By
N. A. Biré, A. Muhlrad and P. Dobronai

INSTITUTE OF PHYLOGENY AND GENETICS, BIOCHEMISTRY GROUP, L. EOTVOS UNIVERSITY,
BUDAPEST, AND RICHTER PHARMACEUTICAL WORKS, BUDAPEST

(Received September 8, 1960)

A new method of inorganic phosphorus determination has been developed, con-
sisting of precipitating the phosphorus as the strychnine salt of phosphomolybdic acid,
dissolving the washed precipitate and measuring the light absorption at 253 mi,ii. The
minimum amount determined is 0.05 jug/ml. Adenosine-phosphates, Ca+l, Mg++, tri-
chloroacetic and perchloric acids are not disturbing. Arsenate must be absent. ATP
shows no measurable hydrolysis, phosphocreatine a hydrolysis amounting to about 5
per cent under the conditions prescribed.

Numerous methods for the estimation of inorganic phosphorus are
known. The continuous effort to find the most convenient procedure for the
molybdenum blue method or for methods extracting the phosphomolybdic
acid in organic solvents, shows that in spite of there being very simple and
sensitive methods, we are still in want of more satisfying ones. The most
serious difficulty lies in the error caused by the hydrolysis of labile phosphorus
compounds in the acid mediums used [1], a source of error more or less common
to all known methods. Recently Marsnh [2] has pointed out that one of the
most widely used extraction methods (Atrten [3]) is unsatisfactory owing
to the hydrolysis of ATP, if one has to know exactly the small amounts of P,
present in ATP preparations. Furthermore the most sensitive and reliable
extraction methods known are tedious to carry out in great number.

We have worked out a new method somewhat more sensitive than the
most sensitive of the hitherto known extraction methods and technically
much more simple than most of them. The method is based on Embden's [4]
gravimetric strychnine-molybdate method, by now of a historical interest
only. Its turbidimetric modification by Bergold and Pister [5], an ideally
simple and sensitive procedure indeed, has been unsatisfactory in our hands.
Owing to the inherent lability of turbidimetric methods, we could not get
reproducible results, except in the case of pure inorganic phosphorus solutions.
On the other hand, we have found that by collecting the strychnine-phospho-
molybdate precipitate, followed by dissolution and measurement of light
absorption in the ultraviolet, we can estimate phosphorus in a simple and
very sensitive way.1

1 Acta Physiologica XVII1/4.
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Reagent

To 28 ml warm (slightly fuming) sulphuric acid (s.g. 1.82) are given
4 g of ammonium molybdate in small portions. It dissolves readily. When
it begins to cool (a slight blue colour does not disturb) it is poured to 450 ml
strychnine-nitrate solution containing 1 g of the alkaloid, and made up to
500 ml. If the slightest turbidity is observed, the reagent is filtered through
a G4 glass filtre. It is stored in a polyethylene bottle.

Procedure

The samples, if not neutral (or if they are neutral by the buffering action
of some component being there in substantial amounts) are brought to about
pH 1.5. One may use one drop ofthymol blue indicator solution: the solution
with the indicator must have an orange hue.

Minimum final concentration of Pi must be at least 0.05 /tg/ml, the
minimum total amount (carrying out the precipitation in one ml total volume),
0.05 fig.11t is advisable to make the precipitation in one series of estimations
in equal volumes, i.e. to make up every sample to the same volume, giving
the same volume of reagent to all of them.

The samples prepared according to these specifications are cooled to
0° C and 0.05 ml of reagent is added to every ml of sample. After standing
for 10 minutes (in the case of less than 1 fig, because of some delay in crystal-
lisation, 30 mins) the samples are filtered through small G4 glass filtres.
One may conveniently use a series of large tubes, with side tubes for suction,
and with placed-in test tubes, for collecting the filtrate. The suction of the
filtres may be carried out simultaneously with the aid of a multibranched
vacuum.

The precipitate on the filtre is washed with 3 ml ice-cold alcohol, contain-
ing 3 fig strychnine/ml, added in three portions, with careful rinsing of the
filtres. The washed precipitate is dissolved in 3 ml 0.2 per cent ammonia, in
three portions, the filtrate being collected in a test tube bearing a mark at
5 ml. After completion of the volume, the extinction is measured at 254 vafi
against a blank prepared from distilled water and reagent and carried with
the samples through the whole procedure (including filtration and washing of
the filtre).

The measurement of light absorption was carried out with a new type
of simple photometer including, between other ultraviolet lines resp. bands,
the 254 mfi mercury resonance line.2 The use of a spectrophotometer allows

1The maximum amount is not exactly stated. Above 15fig P, in a final mixture of 10 mb
the extinction of the appropiately diluted dissolved precipitate tends to decline from linearity.

2“ Uvifot” photometer of MOM (Hungarian Optical Works), resp. BFK-Photometer of
Kipp, Delft, Holland.
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even greater sensitivity at a shorter wave length, such as 230 m/t, as seen from
the absorption spectrum of the dissolved strychnine-molybdate precipitate
shown in Fig. 1.

At 254 mi/t, 1 /tg of phosphorus gives with the volumes given above,
0.197 extinction units.3*

Neutralized trichloroacetic acid and perchloric acid (up to a final
concentration of 5 to 6 per cent) cause no error. AMP, ADP, ATP, and pyro-
phosphate up to a concentration of 20 mM, Ca++ or Mg++ up to 10 mM

Fig. 1. Absorption spectrum of dissolved strychnine-phosphomolybdate. 4.70 /eg P, precipitated,
treated according to the procedure, and dissolved in 4 ml (1 cm cuvette, Beckman Model DU
spectxophotometer)

do not disturb either. Higher concentrations were not tested. Arsenate forms
a precipitate with the reagent like phosphate does, so that its presence must
be avoided.

Experiments and discussion

The solubility of the strychnine salt of phosphomolybdic acid is surpris-
ingly small under the conditions of the estimation procedure given above.
W ith the aid of 32P-labelled phosphorus we found this solubility in order of
magnitude of 10 6 M/l. Some results are given in Table I. Since the concentra-
tion of inorganic phosphorus left in the filtrate is very much dependent on the
amount of phosphorus precipitated, the values obtained cannot be considered
as those of true solubilities. We suppose that part of the phosphorus found

3By the exactly stated experimental conditions as pH and composition and added
amount of reagent a change in the composition of the heteropolyacid has been ruled out, so a
strict proportionality can be assumed between phosphorus content and extinction (see Table I1).
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in the filtrate was due to the heterodispersity of the precipitate, a constant
small fraction passing through filtres. Fortunately this unprecipitated amount
of phosphorus is practically proportional to the total amount precipitated.
As seen from Table I, it amounts to 4 per cent of the total, independently
whether 2 or 10 [rg are precipitated from 10 ml volume.

Table |
Recovery experiments with 32P

The indicated amounts of P(, counting 10 808 impulses/'/ig were precipitated from a total
volume of 10 ml under the conditions given under “Procedure”. The radioactivity of the filtrate
of the collected washings and of the dissolved precipitate (made up to 10 ml) was determined.
The P, values were calculated from the radioactivity found in the solutions, “total” P, being
the sum of the phosphorus content of the three solutions. All the other values refer to 10 ml
total volume of the respective solutions.

Filtrate Washings Precipitate dissolved

Total Pf %of % of %0f

9 g total Iy total g total
11.39 0.49 43 0.60 5.3 10.3 90.4
11.22 0.57 5.1 0.55 4.9 10.1 90.0
11.50 0.45 3.9 0.66 5.7 10.4 90.4
1.802 0.072 4.1 0.110 6.1 1.62 89.8
1.875 0.091 4.9 0.124 6.7 1.66 89.4
1.784 0.104 5.8 1.100 5.6 1.58 88.6

It was difficult to find an appropriate solution to wash the precipitate
free from the remaining reagent, which absorbs much light. Cold nitric acid,
as applied in the classical gravimetric method of Embden for mg amounts,
dissolves the whole precipitate when working in the /tg range. After many
trials we found that in an alcoholic solution of strychnine nitrate (3 /tg/ml)
the precipitace is practically insoluble. Although strychnine has some light
absorption at the wave length used, it is negligible in this great dilution, even
when the amount of phosphorus to be determined is as small as 0.05 fig.

In determinations with 3P-labelled phosphate there were small but
measurable losses of phosphorus at washing. As seen in Table I, the loss of
phosphorus as washed out radioactivity amounted to some 6 per cent of
the total.

Fortunately these losses are also proportional to the phosphorus present.1
All the data concerning the perfection of precipitation and washing (of which
Table I shows only a small fraction) led to the residt that under the conditions
given the recovery of phosphorus (i. e. radioactivity) in the final filtrate is

4The proportionality of the radioactivity remaining in solution resp. washed out, may
be explained by the presence of some radioactive impurity. In fact, we found in some cases
traces of pyrophosphate in our 32P preparations.
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Table 11
Calibration experiments

The given amounts of phosphorus (from appropriate dilutions of a stock solution care-
fully prepared by exact weighing of crystalline KH2P 04 of analytical purity) are precipitated
and treated as given under “Procedure”.

Volume el Rosi T /1 P
2 ml 0.096 0.208
0.192 0.192
0.384 0.190
0.432 0.200
4 ml 1.150 0.196
1.440 0.194
1.730 0.194
2.020 0.205
2.305 0.194
6 ml 2.59 0.188
3.17 0.192
3.74 0.190
4.32 0.189
8 ml 5.77 0.200
6.72 0.202
7.67 0.205
8.63 0.201
10 ml 9.60 0.198
11.52 0.189
12.48 0.201
13.92 0.205

Mean 0.197 +0.005

90 per cent, independently of the total amount of phosphorus precipitated.
In accordance with this, the calibration experiments in Table Il show a good
proportionality between the amount of phosphorus and extinction, in a widely
varied range of concentrations.

As mentioned above, the solution used to wash the precipitate free of
reagent has some small absorption at the wave length used. Some extinction
may result from the insufficiently removed reagent. It is therefore advisable,
especially when determining small amounts of phosphorus, to prepare a blank
carried through the whole procedure.

We performed some experiments on the hydrolysis of ATP and phospho-
creatine by means of our procedure. Considering the rate of hydrolysis of
these substances [1], one may expect our procedure to be very favourable.
The final concentration of molybdate, which enhances the rate of hydrolysis
in most cases, is comparatively small and the applied temperature of 0° C
also favours the suppression of hydrolysis.
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Table 111
Rate of hydrolysis of ATP resp. phosphocrealine under the conditions of the procedure

The amounts of substances given were distributed in several equal samples and the
estimation of P, was carried out as described. Filtration of the precipitate was carried out
after addition of reagent as indicated. Total volume: 10 ml.

The ATP was a commercial preparation (Reanal, Budapest), the “phosphocreatine”
was a frog muscle homogenate deproteinized according to Somogyi [6]. Total amount of
phosphocreatine phosphorus: increment of P- after hydrolysis at 65° Cin 0.1 N HC1 and 9
minutes [7].

P- was estimated in the ATP experiment to 0.140 fiM (Fiske and Subbarow [8]), in
the phosphocreatine experiment to 0.016 pM (Berenblum and Chain [9]).

Phosphocreatine
2 5/x/n§555 P10 0.201 /tmoles
Time minutes ' phosphocreatine-P

pj found, /tmoles

5 0.121 0.0036
10 0.123 0.0069
20 0.126 0.0079
30 0.134 0.0090
45 0.126 0.0139
60 0.129 —
As shown in Table IlIl, with ATP we did not observe any measurable

hydrolysis. In the case of phosphocreatine, at 30 minutes, the time recom-
mended for complete precipitation, hydrolysis amounted to 4.5 per cent of
the total, an amount not negligible, but concurring well with the rate
of phosphocreatine hydrolysis usual with most of the known phosphorus
estimations.

The experiments in Table Il show further that the method works well
in the case of tissue extracts. The divergence in this case of the results of
the classical methods and ours are attributed to differences in hydrolysis with
the different methods.
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In the adrenal gland of the rabbit the 11-/TOH group of the corticosteroids may be
formed also by the reduction of the 11-oxo group. The process requires the presence of
molecular oxygen. The coenzyme transferring hydrogen is not DPN. The process is
accelerated by the addition of the intermediaries of the Szentgydrgyi—Krebs cycle. The
cell structure need not be intact. Aldosterone and cortisol are biosynthesized from
11-deoxycorticosterone. Corticosterone is formed mainly from 11-deoxycorticosterone
but may be formed also from 11-dehydrocorticosterone. The former reaction is about
twice as intensive as the latter. In the rabbit adrenal, the hydroxylation in position
17 may take place also after the formation of the hydroxyl group in position 21, but
only when the compound possesses an 11-oxo group.

The biosynthesis of corticosteroids is composed of known processes,
but nevertheless, some aspects are still unclear. The 11-/tOH group of corti-
costeroids is formed by the introduction of a hydroxyl group, under the effect
of the enzyme |Il-/?hydroxylase, described for the first time by Hayano,
Dorfman and Prins [9] as occurring in slices and homogenates of bovine
adrenals.

However, steroids containing an 11-oxo group (e.g. cortisone, 11-dehydro-
conicosterone) were also isolated from the adrenals and their venous blood.
The presence of these compounds does not fit into the biosynthetic scheme
constructed by Hechter and Pincus [10].

According to the investigations of Bush [4], Kass [14] Pankov [17]
and Holzbauer [12] the rabbit adrenal secretes mainly corticosterone and
in traces aldosterone, cortisol and 11-dehydrocorticosterone. On the other
hand, analysis ofadrenal extracts showed the cells to contain chiefly 11-dehydro-
corticosterone. Since in other investigations [7] it could be observed that when
cortical secretion was increased the amount of 11-dehydrocorticosterone also
increased in the rabbit adrenal, it was surmised that that compound had an
important role to play in the biosynthesis of the secreted steroids. This
problem will be analysed in the present paper.

Methods

Preparation and incubation of adrenal slices. Adrenals from 20 rabbits were used. The
rabbits weighing from 1500 to 3500 g were killed by air embolism. The adrenals were removed
immediately, placed into ice-cold Krebs—Ringer phosphate solution, weighed and cut with a
razor blade into slices about ¥2to 1 mm thickness. One half of the material served for control
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and the other half was incubated with the material to be tested. The adrenal slices thus pre-
pared were placed into Warburg vessels containing 5 ml of Krebs—Ringer phosphate solution,
prepared without CaCl2, containing 200 mg per 100 ml of glucose and having a pH of 7.4. Into
one vessel we placed 170 to 220 mg of adrenal slices added 200 fig of steroid in 0.05 ml of ethanol,
and incubated for 3 hours with continuous shaking (90 to 110/min), at 37° C, in 02 air or N2
atmosphere.

Each experiment was made in duplicate. The homogenates were prepared in a glass
homogenizer of the Potter—Elvehjem type.

Extraction. After incubation, 10 ml of acetone was added to each sample and the samples
were extracted overnight. After filtration, the acetone was removed by evaporation in vacuo.
The aqueous residue was extracted three times with 1.5 vol. ethyl acetate, the pooled extracts
were washed twice with 0.05 vol. of 0.1 N K2C03, then with 3x0.05 vol. of distilled water and
were dried finally on dry Na2S04. The ethyl acetate was evaporated in vacuo, the contents of
the flask solved in a mixture of 10 ml benzene :petrolether, and transferred to a separatory
funnel. The flask was then washed again with 10 ml of 70 per cent ethanol and the material
was partitioned against benzene :petrolether and after separation partitioned again with 10 ml
of 70 per cent ethanol. The pooled alcoholic fractions were evaporated in vacuo. The dry residue
dissolved twice in 5 ml ethyl acetate was concentrated in a micro-vacuum distillator and the
residue dissolved in 0.05 ml of ethyl acetate was analysed by paper chromatography. All the
vacuum distillations were done in a water bath at 45° C. Owing to the high lipid content of the
rabbit adrenals, it was necessary to carry out all these processes of purification.

Paper chromatography. The spots dropped on the chromatographic paper were concen-
trated by using a filtre paper ring [15]. A ring of filtre paper soaked in a 2 : 1 mixture of ethyl
acetate : methanol is placed exactly around the spot to be concentrated. The solvent then
forces the spot to move inward. After the solvent has reached the centre, the ring is removed
and the spotis dried with hot air (40° C). This procedure is repeated several times until the spot
has become round, small and even.

The following solvent systems were used.

1. Benzene 1000 ml, methanol 500 ml, water 500 ml (the B5system of Bush).

2. Benzene 400 ml, petrolether 600 ml, methanol 700 ml, water 300 ml (a system with a
polarity between Bush B3 and B4).

3. Benzene 300 ml, petrolether 700 ml, methanol 700 ml, water 300 ml (polarity between
Bush B2 and B3J).

The chromatograms were run at room temperature. With system 1, Schleicher & Schiill
2043 Mgl, with systems 2 and 3, Schleicher & Schiill 2043 b M papers were used. Equilibration
lasted 3 hours. System 1 was used for the separation of complete extracts prepared from incu-
bates; system 2 to isolate more polar steroids and for rechromatography; and system 3 to
identify corticosterone acetate.

The chromatograms were studied by the combined tétrazolium blue — NaOH fluores-
cence test [1]. The chromatograms were pulled through a 9 : 1 mixture of 2 N NaOH and 0.1
per cent tétrazolium blue and after gentle heating the tétrazolium blue-positive spots were
marked. Then the chromatograms were dried at 90° C in infrared light and were examined in
UV light. The steroids were estimated semiquantitatively, by comparing the intensity of UV
fluorescence with that shown by standard quantities. Acetylation was performed by the method
of De Courcy [5].

The DPN used was isolated from yeast according to Witliamson [20]. From the formed
compounds, corticosterone was identified on the basis ofits H- values (systems 1and 2), group
reaction (Tétrazolium blue, NaOH), as well as by determining the Rj values of its acetylated
product (system 3). Cortisol and aldosterone were identified on the basis of their Ry values
after repeated chromatography and their group reactions (Tétrazolium blue, NaOH).

Results

Biosynthesis of 11-dehydrocorticosterone. In the rabbit adrenals extracted
without incubation, on the average 8 /zg/g of 11-dehydrocorticosterone and
0.4 /zglg of corticosterone were found. The slices of adrenal tissue, incubated
without adding steroid, synthesized an average of 32 /zg/g of 11-dehydro-
corticosterone and 2 /zg/g of corticosterone. When the adrenal slices were
incubated with progesterone, the amount of 11-dchydrocorticosterone produced
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averaged 54 /ug/g. Thus, the adrenal slices synthesized 11-dehydrocorticosterone
with a high intensity; the rate of synthesis was increased by the addition of
progesterone.

Biosynthesis of corticosterone. When the slices of rabbit adrenal were
incubated with 11-dehydrocorticosterone, corticosterone synthesis increased
22-fold, i.e. 45 jugjg was produced, as compared with the 2 /g found in the
control tissue. Accordingly, the rabbit adrenal is capable of converting the
11-oxo group to 11-/KOH. In the next step we investigated the conditions
required for this conversion. It has been found that no corticosterone was
formed from 11-dehydrocorticosterone when incubated in N2 atmosphere.
At the same time, the adrenal slices incubated in 02 atmosphere converted
the 11-oxo group to 11-/30H. Thus, molecular oxygen and cell respira-
tion are essential for the above process.

Cell respiration being connected with the function ofthe Szentgydrgyi—
Krebs cycle, it has been assumed that this cycle was involved in the above
process. To prove this hypothesis, adrenal slices incubated with 11-dehydro-
corticosterone in Krebs—Ringer phosphate solution were brought together
in the presence of 0.2 ml 10 3 M ATP with succinic acid (0.2 ml, 10 3 M),
then with malic acid (0.4 ml, 10_a M), so that the end volume was 5 ml. The
chromatograms showed that the above compounds had markedly increased
the biosynthesis of corticosterone, for example malic acid increased it more
than twofold (to 110 [Pb/g). Since the process requires the oxidation of the
intermediaries of the Szentgydrgyi—Krebs cycle, the specific dehydrogenases
may be supposed to transfer the hydrogens split from their substrates to the
11-oxo group of the steroid molecule with the aid of coenzyme, or coenzymes
and an unknown enzyme.

When the slices of adrenal tissue were incubated in a system generating
DPNH (one containing 0.2 ml 10 3ivf DPN and 0.5 ml 10 2M malic acid),
the biosynthesis of corticosterone did not increase, as compared with that in
the controls either in 02 or in N2 atmosphere. This has made it improbable
that in this reaction DPN should play the role of the coenzyme transferring
hydrogen.

To study the relationship between the intensity of 11-/3 hydroxylation
and that of the reduction of the 11-oxo group in the rabbit adrenal, slices of
adrenal tissue were incubated with 11-deoxycorticosterone. About twice the
amount of corticosterone was formed in the slices thus treated than that
produced in the slices incubated with 11-dehydrocorticosterone. Similar results
were obtained for incubation with progesterone.

Biosynthesis of aldosterone. Incubated without adding steroid, the slices
of adrenal tissue synthesized an average of 9 /ig/g of aldosterone. In response
to 11-dehydrocorticosterone this amount increased to 22 /ig/g. In N2atmosphere
no aldosterone was synthesized from 11-dehydrocorticosterone, while incuba-
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tion in 02 atmosphere in the presence of 0.3 ml 10_3M succinic acid and
0.2 ml 10-3 M ATP increased the amount of aldosterone by about 30 per cent.
In response to 0.5 ml 10“2 M malic acid there was a threefold increase to 62
/ig/g. 1t was most remarkable that in the rabbit adrenal no aldosterone was
produced from 11-deoxycorticosterone as it was shown by incubating slices
of adrenal tissue with 11l-deoxycorticosterone.

Biosynthesis of cortisol. Incubated without steroid the slices of adrenal
tissue synthesized 0.5 [b/g cortisol. After adding 11l-dehydrocorticosterone
this amount increased to 4.5 /tg/g. In N2 atmosphere no cortisol was produced,
while in 0 2atmosphere in response to 0.3 ml 10~3M succinic acid, in the pre-
sence of 0.2 ml 10~~3 M ATP the amount increased by about 25 per cent, and
in response to 0.5 ml 10~2 M malic acid by about 33 per cent, as compared
with the controls. No cortisol was formed from 11-deoxycorticosterone.

The rabbit adrenal slices produced from 11-dehydrocorticosterone, as
a precursor, other compounds, too. These are shown in Table I.

The compounds No. 1, 2 and 3 react weakly with tétrazolium blue, are
more polar than cortisol and possess a Zl4-3-oxo group. These properties
suggest their having an alpha-glycerol side chain. Compound No. 4 has an
alpha-ketol side chain because it reacts well with tétrazolium blue, hut does
not give the NaOH fluorescence reaction of Bush [3] (NaOH) specific for
the zl4-3-oxo group. Thus this compound is a di- or tetrahydro derivative
saturated in ring A. As judged from its Revalue it seems to be allotetrahydro-
cortisol long known to be present in adrenal extracts [18, 20]. Its amount is

Table |1

Corticosteroids synthesized by slices of rabbit adrenals incubated with 11-dehydrocorticosterone.
Chromatographed in system No. 1

No. R/ BT NaOH Compound
| 0.09 weak positive +
2 0.14 weak positive +
3 0.21 -f +
4 0.25 — allotetrahydrocortisol?
5 0.30 4- 4_ cortisol
6 0.43 4~ aldosterone
7 0.51 + cortisone?
8 0.57 + ¥
9 0.61 ¥ .
10 0.73 + +
1 0.81 corticosterone
12 0.88 + 4- 11-dehydrocorticosterone
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about 15 yYWMyg, which increases to about 30 yttg/g in response to 0.5 ml 10—=2M
malic acid. Compound No. 5 appears to be cortisol, as judged from its
value and group reactions, while compound No. 6 is aldosterone. Compounds
No. 7, 8, 9 and 10 possess both an a-ketol side chain and a Zl4-3-oxo group;
their amount varies from 0.5 to 3 ytrg/g, which in response to malic acid (0.5 ml,
10 2 M) increases 3 to 4-fold. Compound No. 7 appears to be cortisone; it
was found in one case only. Compound No. 11 is corticosterone and No. 12
is 11-dehydrocorticosterone.

Of the compounds mentioned Nos 3,4,7, 8 and 9 have never occurred
in the control adrenals incubated without 11-dehydrocorticosterone. These
compounds are formed exclusively when exogenous 11-dehydrocorticosterone
is added in excess, thus are the products of enzymatic reactions normally
inactive in the adrenal cells and active only when the substrate concentration
is very high. The other compounds are present also in the extracts of adrenals
incubated without the addition of steroids. The synthesis of each compound
takes place also in homogenate, thus the cell structure need not be intact.
Their amount is merely about 20 per cent less, presumably due to mechanical
damage to the cell particles.

Discussion

The above results make clear that the rabbit adrenal slices are capable
of converting the 11-oxo group of the steroid molecule to a hydroxyl group.
This is proved by the fact that corticosterone, aldosterone and cortisol, each
having an 11-8 OH group, are produced from 11-dehydrocorticosterone. We
think that this process involves a reduction of the 11-oxo group. Another
possibility would be that 11-deoxycorticosterone is formed first and is then
converted to the II-*OH group by 11-B hydroxylation. However, there is
little probability for the latter mechanism partly because we never found
11-deoxycorticosterone in the samples incubated with 11-dehydrocorticosterone
and partly because the adrenal slices incubated with the 11-deoxy compound
have never produced either aldosterone or cortisol.

There is ample evidence that most of the cortisone introduced into the
organism is converted to cortisol by the reduction of its 11-oxo group [2, 8].
This process takes place in the liver and involves an enzyme, named 11-/lOH
dehydrogenase [2]. According to Hubener et al. [13] the process does not
require the presence of molecular oxygen, it takes place also in nitrogen
atmosphere and the cofactor transporting hydrogen is unknown. In contrast
with this, the process described by us requires the presence of molecular oxygen
and its intensity is greatly increased by the addition of the intermediaries of
the Szentgydrgyi—Krebs cycle. We therefore think that the intermediaries
of the Szentgydrgyi—Krebs cycle play the role of generating the reduced
coenzyme.
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The slices of rabbit adrenal tissue were found to synthesize from 11-
dehydrocorticosterone all the compounds present in the venous adrenal blood
of the rabbit, i.e. those actually secreted by the adrenal gland [17]. From this
it may be concluded that the secreted compounds are synthesized from 11-
dehydrocorticosterone, of which large amounts are present in the cells. This,
however, is in our opinion only partially true because, as already mentioned,
twice as much corticosterone is formed from 11-deoxycorticosterone than

CHOLESTEROL

from 11-dehydrocortieosterone. It appears therefore that the biosynthesis of
this compound takes place by 11-A-hydroxylation, although the reduction
of the 11-oxo group is also a possible mechanism. On the other hand, the
situation is different with aldosterone and cortisol, which are not synthesized
from the 11-deoxy compound, only from the 11-dehydrocorticosterone possess-
ing a 11-oxo group.

These results are most interesting from the point of view of the sequence
of hydroxylation. Hechter and Pincus [10] have namely shown that if a
compound possesses a hydroxyl group at position 21, it cannot be hydroxyl-
ated at position 17. In the present case, however, cortisol, a compound with
a hydroxyl group at position 17 was formed from 11-dehydrocorticosterone,
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acompound with a hydroxylgroup at position 21. According to Heard etal.[11],
and Dorfmaiv etal. [6] there is alimited possibility for hydroxylation at position
17 also in the case of 11-deoxycorticosterone. We found the same for 11-

Fig.2. Chromatogram of rabbit adrenal incubates. 1: Site of application, 2: cortisol, 3: aldo-
sterone, 4: cortisone, 5: corticosterone, 6: 11-dehydrocorticosterone and 11-deoxycortico-
sterone, resp. 7: solvent front. Row A: steroids produced by the adrenals incubated with
11-dehydrocorticosterone. Row C: steroids produced on incubation with 11-deoxycortico-
sterone. Row B: standard steroids. Note that no aldosterone and cortisol are formed from
11-deoxycorticosterone. Run in Bush B6 system, developed with BT

dehydrocorticosterone, while 11-deoxycorticosterone was not hydroxylated
at position 17 in our experiments.

The formation of aldosterone from 11-dehydrocorticosterone is known
[16], but this is the first case to be observed that 11-dehydrocorticosterone
may play the role of a precursor of cortisol. On the basis of the investigations
of Kass et al. [14], in the biosynthesis of cortisol a significant role is attributed
to the ACTH secretion of the pituitary, owing to its stimulating action on
17-hydroxylation.
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As indicated by our results, the biosynthesis of corticosteroids in the
rabbit adrenal may take place in the following way:

in Fig. 1 the formation of 1l-dehydrocorticosterone is doubtful. As
already mentioned, it is formed from progesterone, but this may take place
in two different ways, via 11-deoxycorticosterone, or via 1l-oxoprogesterone.
Further studies are required to solve the problem. Cortisol may be formed
exclusively via cortisone, which we have succeeded in demonstrating in
one case.
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The iodometric method of Perret is reliable for determining penicillinase, but
unsuitable for serial tests. Applying sodium tungstate and gelatine as inhibitors, the
method has been rendered suitable for use in serial work. A few results obtained by the
modified method have been presented.

Penicillinase activity can be estimated reliably and rapidly by Perret’s
iodometric method [1] based on the reaction between penicilloic acid (result-
ing from the breakdown of penicillin catalysed by penicillinase) and elementary
iodine. In a suitable medium penicillinase and penicillin are incubated; penicil-
loic acid is formed; the reaction is stopped by adding an acetate buffer of
pH 4 and iodine to the incubation mixture; the penicilloic acid binds some
of the iodine: the excess iodine is titrated back with thiosulphate. Considering
that under the given conditions the incubation of the iodine-resistant [2]
penicillinase is not complete (40 per cent of its activitv resists) [1], it isimpera-
tive that the duration of incubation be exactly as specified and titration follow
without delay. These requirements mean a certain difficulty when performing
serial tests and present a source of error. To assay the exopenicillinase B. cereus
NRKL 569, a reliable and simple method suitable for use in serial testing was
developed.

The above requirements were met by adding 0.05 M sodium tungstate
and 0.05 per cent gelatine (related to total volume of incubation mixture)
to the mixture of acetate buffer and iodine used with Perret's method.
This resulted in a 98 to 99 per cent inhibition of ihe penicillinase activity.
By applying more concentrated solutions of iodine and thiosulphate, the
method allows the assay of solutions containing more than 20 (but not more
than 150) units of penicillinase. It is therefore necessary to know the gross
enzyme content in advance. ’or this purpose we use the rapid, semiquantitative
method of Citri [2].

If the amount of enzyme exceeds 20 units, the following method is used.
To 1 ml of the test solution in a test tube is added 1 ml of 0.5 per cent gelatine.
After heating for 5 minutes in a water bath of 30° C 2 ml of a heated solution
of penicillin (penicillin G 60 mg/mJ, dissolved in 0.2 M of a pH 6.5 sodium
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phosphate buffer) is added and the mixture is incubated for 10 minutes.
Then the reaction is arrested by adding 5.5 ml of 1.5 M acetate buffer of pH 4
and 0.5 mlofl M sodium tungstate solution. The flocculent precipitate that is
formed does not interfere with the further steps in the assay. The reaction
mixture is then washed into a titrimetric flask and 10 ml of a 0.05 N iodide
solution are added. Ten minutes later this is titrated with 0.05 N thiosulphate
in the presence of starch as the indicator. When the expectable amount of
penicillinase is less than 20 units, 0.01 N iodine and 0.01 N thiosulphate solu-
tions are used and the titration is carried out with a microburette. If the
expectable amount of enzyme is less than 3 units, the duration of incubation
is prolonged proportionately.

One unn of penicillinase breaks down in one hour one micromole of
penicillin [1]. Under the given conditions one molecule of penicilloic acid
combines with 8.3 atoms of iodine [3] and correspondingly 1 ml of the 0.05 N
iodine solution equals 6.220, 1 ml of the 0.01 N iodine solution equals 1.204
units of penicillinase.

Composition of the incubation and inhibitor mixtures must be exactly
as specified, to ensure maximal inhibition of the enzyme. Sodium tungstate
alone, instead of inhibiting, activates the enzyme. Inhibition is weak when
gelatine is absent or is present in a concentration different from that specified
above. It may be surmised that the gelatine precipitated by the tungstate
in acid medium carries with it penicillinase and this may be responsible for
inhibition. Similarly as the phosphate buffer, the tungstate lessens the spon-
taneous breakdown of penicillin.

It is not necessary to titrate without delay, but it should be borne in
mind that iodine consumption by the reaction mixture continues somewhat
to increase after inhibition (Table I1). Two controls should be used, one without
penicillin (because the eventually present reducing components in the test-
solution may consume iodine) and one without enzyme, to estimate sponta-
neous penicillin breakdown. The amounts of iodine used in the two control
tests are added and their sum is subtracted from the actual amount of iodine
consumed at each titration.

If penicillin of suitable quality is used, the penicillinized control must
not consume more than 0.2 ml of the 0.01 N solution of iodine. The non-
specific iodine consumption of the test solution depends on the medium used
and is highly variable. A solution not consuming more than 0.5 ml of 0.01 N
iodine should be used.

The penicillinase values estimated in the supernatant of a culture of
B. cereus 569/H, containing 0.12 mg cellular dry material/ml, are presented in
Table I.
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Table |
Volume of test Penicillinase
solution units/ml
ml

1.0 64.3
0.8 51.3
0.6 38.6
0.4 25.6
0.2 12.8

Table Il shows the results of titrations made at various points of time
in 1 ml samples of the same supernatant.

Table 11
Minutes_ after Penicillinase
adding iodine units/ml
0 64.3
15 64.6
30 64.9
45 65.3
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The presence of Ca ions is required for the accumulation at maximum rate of
potassium in guinea pig brain cortex slices. In the absence of Ca ions K-accumulation
ceases completely. In the concentrations used the Caions have no influence whatever on
the carbohydrate metabolism and energy production of the tissue.

Calcium is believed to be an integrant component of the carrier mechanism
regulating cation transport.

It has been generally accepted that the adenosine triphosphate (ATP)
produced in the course of carbohydrate metabolism is responsible for the
maintenance of the cation concentration gradient between the cells and the
extracellular fluid. It remains, however, unclear how the energy generated
by the breakdown of ATP is utilized for maintaining the ion movement and,
also, the question of the mechanism of K-Na transport of cells and tissues.
Experiments in which the ion movements are influenced directly, thus not
through the high-energy phosphate synthesis, may bring us nearer to a solu-
tion of these problems.

Schatzmann [21] was the first to investigate the effect of the cardiac
glycosides on the ion permeability of erythrocytes and found these substances
to inhibit the active cation transport by the cells, without influencing glycolysis.
This finding pointed to a direct action on the carrier mechanism. This action
of the cardiac glycosides is, however, not restricted to erythrocytes; similar
effects have been demonstrated with muscle, skin and brain tissue slices [19.
23, 24, 25].

To gain additional information about the mechanism of K-Na transport,
a point was sought at which the carrier mechanism could be influenced
directly. This is why we started to study the role of alkaline earth metal
ions. In earlier experiments [6, 7, 8] we observed that the Ca ions had a direct
influence upon the K-transport of human erythrocytes and the evidence
obtained indicated that the Ca ions had an importantrole to play in the carrier
mechanism. In the present paper we shall analyse the function of alkaline
earth metal ions (and that of Ca, in the first place) in another tissue, notably
in guinea pig brain cortex slices.

2%
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We star.ted from the observation of Krebs et al. [11, 22] that guinea
pig brain cortex slices were able of intensive K-accumulation in the presence
of glucose and L-glutamate. The present experiments supplied further evidence
as to the mechanism of this active ion accsimulation. Some of the residts have
already been published in a preliminary report [9].

Methods

Preparatlon of tissue. Guinea pigs were killed by decapitation, the brain was removed
without delay and placed on Whatmen No. 1 filtre paper slightly wetted with physiological
NaCl solution. The slices cut from the grey matter by means of a rasor blade were weighed by
analytical scales. Samples of about 100 mg wet weight were incubated in 2 ml of a standard
medium in Warburg vessels or in small Erlenmeyer flasks, at 37° C, for various lengths of time,
m ostly for 60 minutes, shaking in pure 0 2or in air. The medium was composed of 0.136 MNaCI,
0. 006 Mkcland 0.03 MTris-HCI buffer (pH 7.4). As substrates, 0.02 M glucose and 0.01 M
1. -glutamate were used. After incubation the slices were weighed again and the analytical data
were corrected for the tissue swelling.

Analytlcal Methodks. The slices were homogenized in trichloroacetic acid, the precipitate
was centrifuged and in the suitably diluted supernatant the K contents were determined by
flame photometry.

02 consumption was determined by the Warburg method. The ATP content was esti-
mated on the basis of the inorganic phosphate (PD and acid-soluble phosphate (P7) determi-
nation according to Fiske and Subbarow [4]. The lactic acid content of tissues was determined
by the method of Barker and Summerson [2].

Results

In the absence of substrates the brain cortex slices lost 50 to 70 per cent
of their K contents in 5 minutes, but in the presence of glucose and L-gluta-
m ate they regained most of the K lost. Under such conditions the slices could
accumulate not more than 70 per cent of the lost K. However, when 10—3 M
CaCl2 was also added to the medium, the total amount of the lost K was
accumulated (Fig. 1). The accumulation of K was promoted also by MgS04,
but only at higher concentrations; in the presence of 10—3 M MgS04 the
increase of accumulation was 10 per cent compared to the effect of CaCl2
in the same concentration.

When the alkaline earth metal ions were totally removed from the system,
the slices were not able to accumulate K even in the presence of glucose and
L-glutamate. For the removal of alkaline earth metal ions, ethylenediamine
tetraacetate (EDTA) or calgon (Na-hexametaphosphate) were used. The
accumulation of K ceased completely after treatment with 10~3 M EDTA
or 10~3 M calgon, but it started again in the presence of 10—3 M CaCl2 (Fig. 2).
M gS04 had to be used in a concentration as high as 5+10—3 M to produce a
similar effect.

To prove that EDTA had acted on the K-transport through removing
ihe alkaline earth metals (Ca, in the first place), we prepared the Ca-complex
of EDTA and studied its action on the accumulation of K. The EDTA-Ca
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Fig. 1 changes in the K content of brain
cortex slices in the presence of CaCl2
1: substrate-free control, 2 glucose and
L-glutamate, glucose, L-glutamate and
103 M cacl2. The substrates and cCacCl2
were added at 5 minutes

Fig 2 Changes in the K content of brain

cortex slices in the presence of EDTA and

caclz. It glucose and L-glutamate, 2. glu-

cose, L-glutamate and 10“3 M EDTA,

glucose, L-glutamate, 103 M EDTA
and 103 M caci2

Substrates, EDTA and CaCl2were added at
5 minutes

Flg 3 The effect of CaCl2, EDTA and EDTA-Ca on the K content of brain cortex slices. The
columns show the K content of the slices after 60 minutes of incubation

1 glucose and L-glutamate, 2: glucose, L-glutamate and 10~3 M CacCl2, 3. glucose, L-gluta-

mate and 10~AM EDTA, 4

glucose, L-glutamate, 10“ 3

MEDTA and 10-3 M caclz, s;

glucose, L-glutamate and 10“3 M EDTA-Ca
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had no influence at all on K-transport (Fig. 3). This supplied further evidence
of the EDTA having no specific action and of its effect being due exclusively
to an elimination of alkaline earth metal ions. The same was proved also by
demonstrating that calgon, another Ca-chelating agent, had a similar effect.

Next, we studied the influence of the complex-forming agents or CaCl2
upon the carbohydrate metabolism of the tissue. The results are presented
in Table I. CaCl2, EDTA and calgon, in the concentrations employed, had no
effect on the ATP content, lactic acid production and 02 consumption of the
brain tissue slices.

Table |
Effect of EDTA and CaCl2 on the metabolism of brain cortex slices

JO, lactic acid ATP

Agents added . . . .
H moles/g tissue after 60 minutes incubation at 37° C

Glucose, L-glutamate 81.0 52.0 0.96

Glucose, L-glutamate, 10—3 MEbpTA 83.0 48.0 0.95

Glucose, L-glutamate, KP 3MEDTA, 1(P 3M caci2 84.0 50.0 0.97
Discussion

There is ample evidence in ihe literature to show the important part
of Ca in the regulation of cation transport. In 1952 Aebi [1] reported that the
presence of Ca was essential in the maintenance of the normal K concentration
in surviving guinea pig liver slices. In the absence of Ca the K-concentration
gradient between the cells and medium cannot be maintained. In 1955
Geyer et al. [10] showed the same for rat liver slices; in their experiments
the presence of Ca was essential for the restoration and maintenance of the
K -concentration gradient of rat liver slices. Conn and Wood [3] demon-
strated in vivo that calcium deficiency increased the K outflow from the cells
in skeletal muscle. Reiter [20] described the essential role of Ca in the main-
tenance of normal K-Na permeability in heart muscle. Frankenhaeuser
and Hodgkin [5] presented experimental evidence to show that a deficiency
of Ca leads to an increased Na-permeability in nerve tissue. Maizels [16, 17]
showed for tortoise erythrocytes that in a Ca-free medium an equilibration
of K-Na took place between the erythrocytes and serum. More recently,
Maizels [18] has reported that also in human erythrocytes the presence of
Ca is essential for the maintenance of normal cation permeability. In our own
experiments with human erythrocytes [6, 7, 8 we, too, showed that in the
absence of Ca the erythrocytes showed an abnormal cation permeability.
Our results have been confirmed by the experiments of Passow et al. [12, 13,
14, 15].
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In addition to confirming the above data from the literature our present
experiments allowed further conclusions. Since Ca has no effect on the energy
production of cells, its action must in all probability be localized on the cell
membrane or in the carrier mechanism itself. In this respect the action of
Ca is comparable to that of the cardiac glycosides, which have no effect on
cell metabolism, but appear to act directly on ion transport.
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In electrophoretic analysis of PGADs* isolated from various species and
recrystallized four times it was found that the zone corresponding to protein
could be indicated not only with aminoblack or fuchsin, but also with Sudan
deep blue, a dye characteristic of lipids. A typical experiment is illustrated
in Fig. 1.

Flg 1 Paper electrophoretic pattern of PGAD

400 V, 15 mA, 0.1 Mborate buffer,§H 8.5, 8 to 10 mg of protein
= stained for protein; = stained for lipid

The component staining with Sudan may be extracted from the protein
in the following way. Fotir times recrystallized PGAD is dissolved in a small
volume of water and dialysed against distilled water overnight at 5° C. The
protein concentration is adjusted to about 50 mg/ml. Five ml of the solution
are placed into a boiling water bath for 10 minutes, the precipitated protein
is centrifuged, and washed twice with distilled water, twice with 10 ml acetone:
ether (1 : 1), and twice with 10 ml ether, at room temperature. The pooled
organic solvents are distilled off in a water bath, the thin film of the residue
is weighed and emulsified in 5 ml of a 0.1 N glycine buffer, pH 8.5, under
continuous stirring with a glass rod.

* The following abbreviations are used: ADH = alcohol dehydrogenase. DPN = di-
phosphopyridine nucleotide. PCMB = p-chloromercuribenzoate. PGA = D-glyceraldehyde-3-
phosphate. PGAD = D-glyceraldehyde-3-phosphate dehydrogenase.
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Following extraction the protein was dissolved in 3 ml of 0.1 N NaOH.
The protein and the extract were separately subjected to electrophoresis in
an 0.1 M borate buffer, pH 8.5. The protein still migrates towards the cathode,
but it does not any more stain with Sudan. The residue of the organic extract
docs not migrate and stains with Sudan, but does not react with ninhydrin.

Such a lipid component is demonstrable in the PGADs from bovine
rabbit, swine [1] and crayfish muscle [2], as well as in PGAD from baker’s
yeast [3], in amounts of from 0.5 to 1 per cent of protein dry weight.

The lipid component is demonstrable also in the protein recrvstallized
in the presence of detergent (lauroylsulphonate), and in protein deprived
of bound DPN by charcoal treatment or by addition of 15 eq of PCMB.
Enzymologic studies showed that after recrystallisation in the presence of
lauroylsulphonate the PGAD still contains 2.7 moles DPN per mole of enzyme,
thus does not remove the bound coenzyme.

For further analysis the lipid component was dissolved in 0.5 ml of
ethyl acetate and subjected to descending electrophoresis in a pyridine-acetic
acid buffer pH 5.6, showing a Sudan positive but not migrating zone. It was
eluted with ethyl acetate and shaken out three times with equal volumes of
water. The organic phase was distilled to dryness and the residue washydrolysed
with 20 per cent hydrochloric acid at 105° C for 16 hours. The hydrolysate
was electrocliromatographed according to Mikes [5].

As shown by semiquantitative determinations, the hydrolysate contains
a large amount of serine, about half as much of glutamic acid and lysine, as
well as a small amount of alanine, threonine and leucine. Since before hydro-
lysis the Sudan positive component does not reactwith ninhydrin, it is assumed
that a peptide is bound to the Jipid. According to the investigations of Telegdi
and Keleti [6] the lipid component contains no phosphorus, thus it is not a
phospholipid, in spite of its high serine content.

Next the effect of the lipid component on the activity of PGAD and ADH
was studied, using Warburg’s optical test [4, 7].

The lipid emulsion diluted to a final concentration of 0.002 to 0.2 mg/nil
in the assay system gives a perfectly clear solution. As a control a similarly
emulsified lipid extracted with ether from the aqueous extract of swine muscle
was used. The latter material forms a true emulsion even in the above mentioned
range of concentrations. It is supposed that the water solubility of the PGAD
lipid is due to the presence of its peptide component.

The lipid component of PGAD inhibits the oxidation of PGA in a meas-
ure proportionate to the amounts employed, whereas the control lipid has
no inhibitory effect even at much higher concentrations (Table 1I).
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Table |
The effect of PGAD lipid and swine muscle lipid on enzyme activity of PGAD

Inhibition
Substance tested mg/ml per cent
Lipid component of swine PGAD 0.0014 13
0.0028 25
0.0060 64
0.0120 93
Lipid extracted from swine muscle 0.123 0
0.246 0
0.369 0

The reaction mixture contained 1 to 3/tg/ml of enzyme

Table Il shows that the PGAD lipid equally inhibits the activity of
PGADs, isolated from different species as well as that of ADH [8].

Table 11
Inhibitory effect of the lipid comporents of different kinds of PGAD

j Lipid fraction (concentra%ion 0.0028 mg ml) extracted
rom

Enzyme tested bovine PGAD  swine PGAD rabbit PGAD

Inhibition per cent

Bovine muscle PGAD 10 10 25
Swine muscle PGAD 42 30 42
Rabbit muscle PGAD 28 35 52
Crayfish muscle PGAD 36 - —
Baker’s yeast PGAD — 48 —
Baker’s yeast AD1I — 15 —

Enzyme concentration 1 to 3 flg/ml Reaction mixture as described in [4] and [7],
respectively.

Accordingly, the inhibitory effect is not specific, neither is it a simple
lipid effect, the lipid from swine muscle extract not being inhibitory.

As to the nature of the inhibition, it was found to be not competitive
with the substrate, but competitive with the coenzyme. Typical experiments
of each type are shown in Fig. 2.

From the fact that both ADH and PGAD require DPN as a coenzyme,
as well as from the observation that the inhibition is competitive with DPN,
it has been concluded that structural parts near the coenzyme binding areas
may play a role in binding the lipid component.
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Fig. 2. Lineweaver-Burk plot of the inhibitory action of the lipid component of PGAD

a = Competition with substrate; b= Competition with coenzyme; = reciprocal of the

reaction rate expressed in Ib| = reciprocal of substrate and DPN concentration,
respectively, in moles. 1: without inhibitor; 2: in the presence 0f0.0033 mg/ml of lipid. Enzyme
concentration in reaction mixture 2 /«g/ml
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In different muscle model systems (actomyosin gel, myofibrils, glycerin-
ated muscle fibres) the phenomenon analogous to muscle relaxation, i. e.
the inhibition of ATPase activity, of syneresis, of tension, is abolished by the
addition of very small concentrations of Ca. This is true for the inhibition
caused by overoptimal substrate concentrations [1], as well as for relaxation
caused by not yet exactly identified fractions isolated from muscle, the so-
called relaxing factors [2—6]. The similar character of the action of Ca in
systems containing relaxing factors and in systems containing the contractile
proteins only, allows the assumption that the effect of Ca in the two kinds of
system is based on an interaction with one and the same component. The
binding constants of ATP with the alkali earth metals involved are well-
known (see e. g. 7), but data on the binding of Ca to the contractile proteins
are scarce and not applicable to the problem envisaged [8, 9], owing to their
failure to consider the very small concentrations of metal ions. It seemed
therefore interesting to investigate the binding of Ca by isolated myofibrils.

According to our experiments, washed rabbit myofibrils prepared accord-
ing to Perry [10] contain considerable amounts of Ca. About half of this is
easily removed by wmshing with ethylene diamine tetraacetate (EDTA), in
accordance with the results of Hasselbach [11] obtained for the “insoluble
muscle substance” the bulk of which are myofibrils. We found the fraction of
Ca removable by EDTA to exchange instantaneously with added Ca labelled
with 40Ca. This part of the Ca-content, investigation of which has been the
aim of the experiments to be reported below, will be termed in the following
“dissociable Ca”.

We determined the association constant of this dissociable Ca by the
following simple procedure. Duplicate samples of the myofibril suspension
were incubated with labelled Ca given to the samples at different final con-
centrations. The protein was separated by centrifugation and the radioactivity
remaining in solution was measured. The experiments were carried out at
0° C, pH 7.0 (0.02 M borate). The concentration of the myofibrillar protein
was 7—10 mg/ml. The specific activity of Ca in the different samples was
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calculated by adding the total amount of dissociable Ca of the myofibrils to
the amount of Ca present. The constants were computed on the basis of the
reciprocal plots [12]. The diagrams and calculations showed clearly that in
the binding of Ca two different sites are involved. One gram of myofibrillar
protein containd round 10 to 20 micromoles of “strong” binding places, with
an association constant of 20000 —30 000, and about 100 micromoles of “weak”
ones with a constant of about 100 (Table I). By means of suppression of Ca-

Table 1

Association constants and number of binding sites for the binding of Ca by myofibrillar protein

Range of . . nl o
concentrations Number of points with PSIS K, v K,
of free Ca different Ca additions  myofipr? protein VA myofibr. protein 1M
fiLM/1
60- 80 7 26 18 000 - —
6-400 9 15 22 000 79 1300
30-400 9 25 28 000 107 1350

binding by the addition of Mg we obtained some indication of the specificity
of the “strong” binding sites for Ca as opposed to Mg. We found the affinity
for Mg to be very much smaller than for Ca.

The Ca association constant is well-known for several proteins (see e. g.
[13,14]) and these constants are all in the range of our*'weak” binding. This
refers also to myosin, more precisely to the meromyosins [9]. It is therefore
possible that the strong binding observed by us isnot effected by myosin but by
some other component of the myofibril, e. g. by actin. Or else, as in the experi-
ments of Nanninga [9] when chemical methods were used and were con-
sequently not extended to determining the small concentrations of Ca, our
strong binding could not be observed.

The identification of the protein component of the myofibril responsible
for the strong binding is in progress and will be reported together with a
detailed account of these experiments on a later occasion.

As regards the suppressing effect of Ca on the inhibition by overoptimal
ATP concentration, the following can be concluded. If using the n and K
values for the myofibrillar proteins and the association constants for MgATP
or CaATP given by Walaas [7] we compute the concentrations of the different
molecular species, in the case of addition of the reactants in concentrations
causing maximum activity, substrate inhibition or abolition of substrate
inhibition, we shall find that the greatest part of the bound Ca is removed (by
dilution and complexing with ATP) in the first two cases. In the third case,
however, the addition of Ca increases the amount of protein bound Ca about
50 times. (In order to elucidate the situation, in Table Il w'e give the results of
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Table 11

Distribution of the different reactants in a typical experiment on the suppression of substrate
inhibiton by addition of Ca
Myofibrillar protein concentration, 1.4 mg/ml. t = 20° C. ATPase activity expressed as /tg P
split in 5 min. All concentrations expressed in M/I

Maximum activity ~ Substrate inhibition Inhibition sgpressed
ATPase activity by

70 11 66
|[ATP] total 4.10-3 8.10"3 8 - 10“ 3
[Ca] added — — 5.10“4
'{MgATP] 3.5.10“3 o™ o =
[CaATP] 1.10“6 1«10"5 50-10-5
[Ca] bound to protein 6.10“8 2.10-» 1.10“ 6( 1
[Ca] free 1.10“7 3.10"8 g8 o-8

calculations in the case of one special experiment.) It is possible that it is this
change in the amount of bound Ca which causes the suppression of inhibition,
although it involves the somewhat paradoxical assumption that in the absence
of free ATP no Ca bound <othe myofibril is needed to attain maximal activity
while it is necessary in the case of substrate inhibition, i. e. in the presence
of free ATP. This assumption has in part been supported by our still unpub-
lished experiments in which kinetic analysis has demonstrated the substrate
inhibition to be due essentially to a competition of free ATP with MgATP
as substrate.

It is still uncertain whether the view suggested here can be applied to
the action of Ca in the case when relaxation is caused by relaxing factors.
The minimal concentration of free Ca inhibiting the effect of the relaxing
substance has been given by Parker and Gergely in a recent paper [6]
as 10“6 M/l. As the concentration of free Ca is higher than the concentration
of protein-bound Ca, i.e. when Ca is added in the order of 10 BM/I, it is con-
ceivable that the substrate inhibition is caused by some relaxing substance
remaining in the myofibrillar preparations. It is however difficult to reach
conclusions before the nature of the relaxing substance has been further
elucidated.
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Some of the histidine residues participating in the binding of the pro-
sthetic group may have an important role in the formation of the structure and
in the functional properties of myoglobin.

According to the investigations of Weil et al. [1] the histidine residues
of proteins can be oxidized photocatalytically. On the basis of these data we
studied the effect of photooxidation upon the structure and the functional
properties of myoglobin.

Ferrimyoglohin, isolated according to the procedure of Bowen [2] and
recrystallized three times, was shaken in a Warburg apparatus in oxygen
atmosphere, in the presence of methylene blue. The vessels were irradiated
from one side with a light beam of 0.5 W/cm2 intensity. It was found that
while the 0 2uptake of the haem-free protein amounted to 9—11 moles per mole
of protein, that of the ferrimyoglohin was only 2 moles. The time course of the
oxidation is represented in Fig. 1. It can be seen that under these conditions,
in the case of ferrimyoglohin, the oxygen uptake ceased after having reached
the value of 2 moles 02 per mole Mb.

After the photooxidation, the haem was removed from the protein by
treatment with acetone-hydrochloric acid — the methylene blue being also
removed in this step — and the histidine content of the photooxidized ferri-
myoglobin was determined by the method of Macpherson [3]. In a parallel
experiment the ferrimyoglohin was shaken under the same conditions but in
the absence of methylene blue. Here again, the histidine content was deter-
mined after removal of the haem group. The oxidized protein was found to
contain two histidine residues less than the control protein (Table I).

Table |

i moles histidine/
Myoglobin mole myoglobin

native 9.2

photooxidized 6.9

3 Acta Physiologica XVIII/4.
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Fig. 1. Time course of oxidation
Reaction mixture: myoglobin, 0.6—2.0 iijvl: 0.2 ml of phosphate, 0.3 M pH 8.9; 0.5 ml of
methylene blue, 0.7 mM. Total volume, 2.3 ml. In the middle vessel 0.2 ml of 20 per cent
KOH. Temperature, 37.0° C
a = haem-free protein; b = ferrimyoglobin

Fig. 2. Effect of photooxidation on the spectrum of myoglobin

A) Spectra of photooxidized and control ferrimyoglobins in the Sorét zone
B) Spectra of photooxidized and control myoglobins after reduction and oxygenetion
a = photooxidized myoglobin; b = control myoglobin
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Absorption of the photooxidized ferrimyoglobin was substantially de-
creased in the Sorét zone characteristic of the haem-globin bond. The spectrum
of the photooxidized protein was measured against a methylene blue solution
of the given concentration. The photooxidized and control ferrimyoglobins
were first reduced to ferromyoglobin, then shaken with oxygen. In determining
the spectrum of the photooxidized protein a methylene blue solution of the
concentration given was used as a blank. As seen in Fig. 2b, in the presence of
oxigén the photooxidized myoglobin did not show the characteristic spectrum
of oximyoglobin.

Attempts were made to separate the peptide fraction containing the
photooxidized histidine. We intended to trace this modified peptide by com-
paring the tryptic hydrolysates of native and photooxidized myoglobins.
Electrophoretic investigations revealed in the mildly acid fractions ofthe hydro-
lysate the appearance of a new peptide absent from the identically-treated
control hydrolysates. The isolation of this peptide is in progress.

As the oxidation of the two moles of histidine results in the weakening of
the haem —protein bond and in the loss of ability of the protein to bind oxygen,
we assume that the new peptide seen in the electrophorogram is identical with
the haemopeptide of myoglobin.

After these experiments had been performed we learned about the work
of Nakatani, dealing with the photooxidization of cytochrome c [4] and per-
oxidase [5] concerning the connections between the oxidation of histidine and
the functional properties of proteins.
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The effect of intensive sound stimulus on the eosinophil count was investigated

in rats after the extirpation of different endocrine glands. Audiogenic eosinophilia did
not occur in adrenalectomized rats kept alive by different treatments, in hypophysecto-
mized rats, nor in those thyroidectomized animals which had audiogenic seizures,
whereas the eosinophil count rose in those thyroidectomized rats in which the sound
stimulus did not provoke seizures. Prolonged cortisone treatment prevented eosino-
philia also in normal animals. It has been concluded that audiogenic eosinophilia cannot
develop unless the hormonal supply is well balanced.

It has been observed that strong sound stimuli of short duration increased
the number of circulating eosinophils in rats. The intensity of the sound
alone sufficed to release in 15 to 30 per cent of the animals an audiogenic
seizure characteristic with rodents. The seizure was accompanied by intensive
motor activity, but the eosinophil count increased whether or not the attack
occurred [2, 3].

While glucocorticoids are known as the principal agents inducing a
reduction of the eosinophil count, no specific agents causing acute eosino-
philia have so far been discovered.

Several authors observed eosinophilia in adrenalectomized patients and
animals [e.g. 6, 7, 22, 12, 13, 17, 18], whereas others failed to do so [e.g. 10, 21,
26]. After thyroidectomy the eosinophil count was found normal [16] and the
éosinopénie effect of ACTH within the usual limits [4,16], although adrenalin
induced a slight but still significant decrease in the eosinophil count [4].
The sequelae of hypophysectomy may become notable not only by a disturb-
ance of interglandular relations but also by the cessation of the usual trophic
effect which the pituitary body exerts upon endocrine glands. ACTH, produced
by the anterior pituitary, governs the eosinophil level through the adrenal
cortex, and it will lastingly rise of the hypophysis is extirpated [17, 18. 23,
24, 25]. There are, however, also authors who did not observed increased
eosinophil count in such cases [19].

The purpose of the experiments to be reported was to study the hormonal
factors involved in the development of audiogenic eosinophilia. We investi-
gated the effect of sound stimulation on the eosinophil level of adrenalecto-
mized, thyroidectomized and hypophysectomized animals.
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Methods

Inbred male rats were used in the experiments. Previous treatment at intervals of4to 5
days during 2 to 3 weeks served to accustom the animals to the non-specific conditions of the
experiment (handling, cutting of tail, etc.). The adrenals were extirpated in 90, the thyroid was
extirpated in 36 and the pituitary in 21 rats. As a substitution therapy, cortisone in daily
doses of 0.15 to 0.25 mg per 100 g body weight was administered to part of the adrenalecto-
mized animals, while the rest of these were given to drink a 1 per cent solution of NaCl ad
libitum. The last cortisone injection was administered 40 to 50 hours before the experiment. A
separate group had not been subjected to adrenalectomy but was nevertheless treated with
cortisone quite like the adrenalectomized animals; the hormonal supply was cut offimme-
diately before the experiment also in this group.

The thyroidectomized animals received no substitution.

The hypophysectomized rats were given 5 mg of cortisone immediately after the ope-
ration; subsequently, no drug was administered for 15 to 20 days, when 1—2 I. U. of ACTH
were applied immediately after each experiment. We kept these animals on a diet enriched with
cane sugar and edible oil. We started the experiment 6 to 9 days after removal of the adrenals
and the thyroid, and 3 to 4 days after hypophysectomy.

Non-adrenalectomized rats received cortisone at least for 12 days before the first
experiment.

The experiment was performed as follows. Blood was drawn from the tail of the animals,
and each of them was then placed in a separate small glass-walled box into which an electric
hell had been mounted. The bell was then rung for 2 minutes. The animals which responded
with audiogenic seizure will be termed positive, those which remained quiet are to be called
negative in the following. A second blood sample was taken 4 hours after the audiogenic stimu-
lation. The same animals were employed several times at weekly intervals. The controls were
not exposed to sound stimuli.

Blood samples were stained with a mixture of methylene blue and eosin [1], and an
eosinophil count was made.

Statistical analyses were made by the 4" test on the basis of the differences expressed
in per cents of the initial values.

Results
1. Adrenalectomy

The initial eosinophil level was 739/mm3in the adrenalectomized animals
treated with cortisone, against 473/mm3 for the untreated intact animals

Table 1

Eosinophil count in the various experimental groups

Eosinophil

n count/mm3

Normal* 206 473 + 21

Normal chronic cortisone treatment 230 356 + 17
Adrenalectomy -~ 1% NaCl in drinking

water 97 1061 + 77

Adrenalectomy -f~chronic cortisone

treatment 185 739 + 40

Thyroidectomy 292 502 + 24

Hypophysectomy 220 719 = 55

number of examinations;
inclusive of data determined in earlier experiments.
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(Table I). The change caused by ringing the bell was a decrease of 5.2 per cent
in the positive and of 2.9 per cent in the negative animals. This means an
average decrease of 3.8 per cent in the test animals, as against a decrease
of 3.0 per cent in the corresponding controls (Table Il). This shows that audio-
genic stimulation does not give rise to an increase of the eosinophil count in
cortisone-treated adrenalectomizecl rats.

The initial eosinophil level was 1061/mm3 in those adrenalectomized
animals which had drunk the salt solution before the experiment (Table I).
The change caused by the audiogenic stimulation was a decrease of 7.0 per
cent in the positive, and an increase of 27.0 per cent in the negative animals,
thus an average increase of 20.0 per cent as against 20.1 per cent in the controls
(Table 11). Adrenalectomy prevented audiogenic eosinophilia also under such
conditions.

The initial eosinophil count amounted to 356 cmm in normal animals
pretreated with cortisone (Table 1). The sound stimulus induced a rise of 13.8
per cent in the positive, and one of 15.9 per cent in the negative animals, thus
an average increase of 15.4 per cent, as against one of 32.7 per cent in the
corresponding controls. Thus, following chronic treatment with cortisone the
sound stimulus produced a not significant decrease in the number of circulat-
ing eosinophils (Table I1).

2. Thyroidectomy

An audiogenic stimulation of 2 minutes decreased the eosinophil count
by 4.8 per cent in the positive and increased it by 30.4 per cent in the negative
thvroidectomized animals (average, -f- 20.0 per cent), as against an increase
of 14.6 per cent in the controls. The values of the negative group were statis-
tically different and the other two values statistically not different from those
of the controls. This would prove that — at least, on the evidence of negative
animals — the thyroid plays no significant role in the development of audio-
genic eosinophilia.

3. Hypophysectomy

The initial eosinophil count following removal of the pituitary was
719/mm3, much higher than that found in normal animals (473/mm3) (Table I).
Ringing the bell for 2 minutes produced an increase of 40.0 per cent in the
positive, and one of 31.2 per cent in the negative animals, i.e. an average
increase of 32.7 per cent, as against one of 38.8 per cent in the controls. These
values were thus not different (Table I1).



Normal*

Normal -f- chronic cor-

tisone treatment

Adrenalectomy -f- 1%
NaCl in drinking
water

Adrenalectomy 4-
chronic cortisone
treatment

Thyroidectomy

Hypophysectomy

a,b,c,d =

n

69

37

39

8

Positive a

difference %

+29.2+ 76

o

- 887

-7.7 + 195

-5.2 4 80

-4.8 +

8.9

+40.6 + 22.8

Table 11

Effect of interventions on audiogenic eosinophilia

n

101

42

93

41

Symbols used in statistical analyses —* =

Negative b

difference %

4-251 + 47

+159+ 79

+27.0 +

8.9

-2.9 +

7.6

+30.4 +

59

+31.2 + 87

Positive and negative c

n

170

61

51

97

132

49

difference %

+ 267+ 40

+ 154 + 63

4-20.8 + 8.2

-3.8 455

+20.0 + 51

+32.7 + 83

n

4

81

104

Controls d

difference %

— 02+ 07

+32.7 + 82

+ 201+ 9.6

-3.0 + 45

4-146 + 54

+38.8 + 7.7

a—b
a—d
b-d

c—d

a—b

c—d

Statistical

t

0.51439
2.84926
2.93791
3.10341

0.14164
1.23687
1.49443
1.69406

1.63305
1.20810
0.52555
0.05567

0.20146
0.25672
0.01207
0.10952

3.27236
1.87848
1.98324
0.72288

0.35501
0.05826
0.58133
0.53994

Based also on earlier results —n = Number of experiments

analysis

P
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Discussion

Part of the adrenalectomized rats were kept alive by cortisone. A daily
dose of 0.15 to 0.25 mg/100 g body weight was sufficient not only to ensure
survival but also for growth at a diminished rate. Large doses of cortisone
give rise to suprarenal atrophy by the inhibition of ACTH secretion (e. g.
[8, 14, 15, 20]) and, according to certain authors [5, 9, 28], they may even
induce morphological changes in the hypothalamic nuclei, although such
changes were not obseived by other authors [11, 29]. We therefore not only
avoided to apply high doses, but with a view to eliminating the éosinopénie
effect of the glucocorticoid, administration of even the small doses was discon-
tinued 40 to 50 hours prior to the experiments. We thought of a substitution
treatment by desoxycorticosterone to ensure survival without (or only slightly)
influencing the eosinophil count. Being, however, aware of reports according
to which desoxycorticosterone considerably reduces the excitability of the
central nervous system, while cortisone produces the opposite effect [30, 31], we
decided in favour of the latter. In doing so, we were chiefly led by the consid-
eration that the excitability of the nervous system is generally reduced in
animals with adrenocortical insufficiency (see below). W ethen tried to deter-
mine the eventual disturbing effect of cortisone by other experiments. —
It is evident from Table Il that audigenic stimulation does not induce an
increase in the eosinophil count in adrenalectomized rats treated with cortisone.

Since, however, adrenalectomized animals were treated with cortisone
as a substitute, the experimental conditions were not suitable for furnishing
reliable information about the role of the adrenals. To investigate this point
we performed two kinds of experiments. The first consisted in substituting
the cortisone treatment with 1 per cent salt in the drinking water in a group
of the adrenalectomized animals; audiogenic eosinophilia failed to occur also
under such conditions (Table II).

The second kind of experiment consisted in treating intact animals
with cortisone quite like in the case of the adrenalectomized rats. Table Il
shows that audiogenic stimulation rather reduced the eosinophil level in these
animals.

These results justify the conclusion that, in the absence of the adrenals,
sound stimuli do not provoke prompt eosinophilia even if the animals are
treated with cortisone or are given salt in the drinking water. The negative
response of normal animals pretreated with cortisone seems to prove that
audiogenic eosinophilia may be prevented not only by the absence of adreno-
cortical hormones but also by the slight preponderance of glucocorticoids
induced by the pretreatment so that a disturbance of the normal hormon
equilibrium already suffices to prevent the reaction. We assumed that the
decisive factor teas really the absence or excess of adrenocortical hormones
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i. e. that the development of audiogenic eosinophilia depends on the presence
of a definite amount of corticoids.

Eosinophil counts at various intervals, sometimes several months,
after thyroidectomy gave an average of 502/mm3 (Table 1), a value
near to that of normal animals (473/min3. Accordingly, as regards the
chronic regulation of eosinophils, removal of the thyroid gland did not influ-
ence our experiments. Although thyroidectomy usually does not interfere with
the normal regulation of the eosinophil count, audiogenic stimulation fails
to give rise to eosinophilia in thyroidectomized rats (Tabic Il). Explanation
of the difference observed between the negative and positive animals requires
further investigations.

Removal of the pituitary also prevented the development of audiogenic
eosinophilia in our experiments.

It should be noted that the eosinophil count following hypophysectomy
(719/mm3) was practically the same as that observed in adrenalectomized
animals kept alive by means of cortisone (739/mm3) (Table I). Considering
it solely on the evidence of the eosinophil count, this phenomenon seems to
indicate that in the hypophysectomized rats the adrenals must have secreted
an amount of corticoids which corresponds to 0.15 to 0.25 mg/100 g body
weight of cortisone. Audiogenic stimulation did not increase the eosinophil
count in either of these tw'o groups.

In our opinion it is improbable that the absence of audiogenic eosino-
philia should be due to a definite kind of shift in hormonal equilibrium. Al-
though the ringing of the bell failed to increase the eosinophil count in the
cortisone-treated adrenalectomized as also in the hypophysectomized animals,
and although the basal eosinophil count was equal in both groups, we do
not think that the disturbances of regulation (or rather those of eosinophil
regulation) are the same in both groups. It seems more plausible that some
kind of disturbance of hormonal equilibrium is capable of preventing the
reaction in general. This supposition seems to be corroborated by the fact
that, although the basal eosinophil count was identical in the intact and
the thyroidectomized animals (473 and 502/mm3 respectively) (Table 1),
audiogenic stimulation was followed by eosinophilia in the first and not
followed by eosinophilia in the second group. This experiment does not,
however, reveal whether changes in the release of hormones by the thyroid
or any other endocrine gland suffice for causing a disturbance capable of
inhibiting the reaction in question or whether it is a change in the corticoids
which must be regarded as the principal factor responsible for the inhibition.

Table Il shows an increase of the eosinophil count at the usual 4 hours
after the first drawing of blood in all control groups. This phenomenon did
not occur in the intact animals or those which had been subjected to adrenal-
ectomy and subsequent treatment. Considering that diurnal variations in the
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eosinophil count [9n] did not reach 20 to 30 per cent within 4 hours and
that such variations were not demonstrable in our experiments, we suggest
that the observed phenomenon was not adirect result of the normal biological
rhythm. The increase in the eosinophil count observed in operated or cortisone-
treated animals without acoustic stimulation must have been due to the above-
mentioned hormonal disturbance.

It has repeatedly been suggested that susceptibility to audiogenic
seizure may be connected with general neural excitability [27]. It is, there-
fore, quite possible that the excitability of the central nervous system might
be correlated also with the number of circulating eosinophils. The significance
of that effect may have important bearings on the problems discussed.
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Experiments on rats and cats have revealed that intracerebral administration of
10 and 50 fig cortisone acetate depressed pituitary-adrenocortical activity, when the
drug was introduced into the caudal hypothalamus or mesencephalic reticular formation.
When injected into other neural structures, cortisone was ineffective.

After injection into the hypothalamus, cortisone decreased ACTH secretion in
direct proportion to the dose used, meanwhile from the mesencephalic reticular for-
mation, a diminution only to the normal, resting level was elicited. The changes in the
pituitary-adrenocortical activity were examined by establishing the corticoid level of
adrenal venous blood. In addition, it has been observed in further experiments that
aldosterone secretion was inhibited by hypertonic saline injected into the reticular
formation, but not by cortisone or hypertonic dextrose.

The conclusion has been drawn that an increase in the corticoid content of the
peripheral blood is capable of inhibiting the ACTH secretion of the anterior pituitary.
This inhibitory effect is mediated through the central nervous system, the brain stem
in particular.

The hypothesis that the corticosteroid content of the peripheral blood
plays aregularly role in the activity of the pituitary-adrenocortical system has
not yet been confirmed. Ingte, Higgins and Kendal1l [8, 9] were the first to
observe that administration of adrenocortical extracts led to atrophy of the
gland. Some ten years later, Sayers [12, 13] proved with functional methods
that corticoid administration counteracts the stress-induced increase in the
secretion of pituitary adrenocorticotrophic hormone. These data have led to
the conclusion that a diminution of the blood corticoid concentration stimulates
ACTH secretion, while an elevated blood corticoid level inhibits it. Though
this feed-back principle doubtlessly plays a decisive part under certain patho-
logical conditions or after removal of the adrenals, its role in physiological
events is far from being clear. The well-known fact that the stress-induced
increase of ACTH secretion starts within a few seconds excludes the possibility
of a feed-back mechanism of trophic hormone secretion (Love [10]; Gray and
Munson [7]).

The present paper reports on experiments in which the effect on the
pituitary-adrenocortical activity of intracerebrally administered corticoid and
saline has been investigated.
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Methods

The experiments were performed on 86 albino rats of the same breed and of both sexes,
ranging in weight from 150 g to 240 g. In addition, 76 cats of both sexes, weighing 1.8 to 2.5 kg
each, were employed. Intracerebral corticoid and saline administrations were made by agar-
agar implantation in the rat, while in the cats by means of a chronically inserted microcannula.

In the case of the agar-agar implantation, a glass capillary of 0.3 mm inner diameter
was used, which had been filled with agar-agar solution of a temperature of 55° to 56° C. The
implantate contained 10 resp. 50 fig cortisone acetate in a volume not exceeding 0.005 ml.
After solidification of the agar-agar, the implantate was pushed out of the tube by means of a
metal wire 0.2 mm in diameter. The implantate was inserted by means of a stereotaxic appa-
ratus adapted to rats.

In the cat, a stainless hypodermic cannula 0.5 mm in diameter, holding a volume of less
than 0.01 ml was introduced into the brain and fixed to the skull by means of a plexiglass
holder. For introducing solutions an apparatus allowing injection of as little as 0.001 ml was
used. The volume of injected corticoid or saline solution was between 0.01 an 0.05 ml, usually
0.03 ml. The resorption half time of 50 fig cortisone acetate in agar-agar implantate was found
to range from 16 to 18 hours. In the case of injection with a syringe, the penetration of the fluid
into the brain was controlled by injection of India ink. Gross control examinations showed
that 0.03 ml fluid had diffused over an area 2to 3 mm in diameter.

After experimentation the brain of the animals was removed, fixed in formol and em-
bedded in paraffin. The sections were stained with cresyl violet and the localization of implan-
tate and cannula was determined.

The functional activity of the pituitary-adrenocortical system was studied by analysing
the blood of the adrenal vein. Blood was collected under pentobarbital anaesthesia from hepa-
rinized rats for 60 minutes, and from the cats for 120 minutes. Extraction of the corticoids and
their separation by paper chromatography were performed according to the methods described
in previous papers (Endréczi, Bata and Martin [3]; Endréczi and Lissak [4]; Endréczi
and Yang [5]). Quantitative determinations were made by the microtetrazolium reduction or
the alkaline fluorescence tests or in a Beckman DU spectrophotometer at 240 m/i. For aldo-
sterone determination, the blood extracts were chromatographed first in formamide-benzene,
then in benzene-methanol-water (14 : 6 : 5) and the hormone was assayed by microtetrazolium
reduction and spectrophotometry, using ethanol as the solvent.

Results

Since substances injected into the brain or administered by agar-agar
implantation are not localized to one single point, the effects had to be con-
sidered as exerted over more extensive areas. Another problem in evaluation
was that of the time factor. In the rat, the resorption of cortisone acetate from
agar-agar takes place with a half time of 16 to 18 hours. As a consequence, the
animals had to be killed 24 hours after implantation. This short postoperative
period did not permit to avoid the influence on the pituitary-adrenocortical
activity of the operation itself. For this reason, animals implanted with agar-
agar not containing the active principle served as controls. As additional proof
of the specificity of the effects observed, agar-agar containing cortisone was
implanted directly under the cerebral cortex.

The results of the rat experiments are shown in Fig. 1. The diencephalon
and the mesencephalon were divided into 4 areas including the (i) preoptic
region; (ii) paraventricular and ventromedial nuclei, as well as tuber cinereum;
(iii) reticular formation of the mesencephalon, extending ventrally to the level
of the posterior hypothalamus; (iv) thalamus. This subdivision shows that the
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evaluation of our findings in these experiments was not based on localization in
individual nuclei or groups of nuclei, but rather on that in more complex
anatomical units.

Fig. 1 demonstrates that the corticosterone content in the blood of the
adrenal vein was markedly elevated in the control animals killed 18 to 24 hours
after the operation, as compared to normal rats not subjected to operation The
above-mentioned operated control rats were implanted with agar-agar into the

Fig. 1. Effect of intracerebrally implanted cortisone acetate on the corticosteroid content of
the adrenal venous blood

a normal, non-operated animals,

b agar-agar implantate without cortisone acetate, resp. with 50 fig cortisone

Effect of 10 and 50 fig cortisone acetate implanted into 1 anterior hypothalamus (10 fig = o
50 fig = ¢), 2 caudal hypothalamus, 3 reticular formation, 4 thalamus

diencephalon and mesencephalon. In other control rats agar-agar containing
50/tg cortisone acetate was implanted under the cerebral cortex. Throughout the
rat experiments cortisone acetate was used at two dose levels, 10 /tg and 50 /tg.
The data in Fig. 1 show that implantation into the ventral hypothalamus
failed to decrease ACTH secretion. The values in these animals lay within the
ranges observed in control, sham-operated rats. The same was true for implan-
tation in the thalamus, even with 50 fig of cortisone. On the other hand, im-
plantation of cortisone in the ventromedial nucleus, in the paraventricular
nucleus, in the tuber cinereum and in the dorsomedial nucleus resulted in a
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marked decrease of the corticosteroid content of the adrenal venous blood.
This diminution was moderate after implantation of 10 fig cortisone acetate,
and very marked after 50 fig. At the latter dose level, the corticoid content
sometimes fell under the limit of determination. Similar, though slighter in-
hibition of adrenocortical activity occurred in animals with implantate in the
mesencephalon. The effect of 10 or 50 fig cortisone was not as striking as with
implantates in the caudal hypothalamus. A comparison of the effect of mesen-

Fig. 2. Effect of cortisone acetate on the corticosteroid and aldosterone content of the adrenal
venous blood in the cat. Corticosteroid values are shown by columns, and aldosterone secretion
by the dotted figure on the right

Left: a) normal animals; b) cannulated controls treated with physiological saline. Columns
1 to 4 show the effect of 10 resp. 50 /ig cortisone acetate administered for 7 days. White column
= 10/ig; shaded column = 50 /ig. Lines on left columns show extreme values
Right: aldosterone secretion. 1 = cannulated control animals treated with saline; 2 = 50 /ig
cortisone acetate injected into the caudal hypothalamus; 3 = 50 /ig cortisone acetate injected
into the mesencephalic reticular formation. In parenthesis: number of animals in individual
groups

cephalic with other implantates revealed that cortisone acetate decreased the
operation-induced ACTH mobilization to the normal level only; a diminution
under the resting secretion was not produced by 50 fig. This observation,
together with the findings on cats (see below) indicates that the depression of
ACTH secretion from the mesencephalon and from the caudal hypothalamus
are elicited by different mechanisms.
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In the cat experiments, 10 or 50 /xg cortisone acetate in physiological
saline was injected daily from the 2nd or 3rd postoperative day for a period of
7 to 8 days. 2 hours after the last treatment the brain of the cats was worked up
as described under “Methods”.

Fig. 2 shows that, irrespective of the localisation of the electrodes, the
insertion of the cannula, its presence in the cerebral tissue and the daily ad-
ministration of physiological saline already resulted in increased corticoid
secretion. Accordingly, all experimental values had to be compared with those
found in cats cannulated but not treated. It was observed that 50 /xg of corti-
sone acetate administered into the thalamus or ventral hypothalamus was not
capable of producing depression of adrenocortical secretion even when given
for 7 days. On the other hand, injection of only 10 jttg of cortisone into the
tuber cinereum markedly decreased ACTH secretion. A 50 fxg dose of cortisone
caused a further diminution. Injection of cortisone into the mesencephalic
region resulted in a behaviour similar to that observed in rats. In these cats,
the cannula lay mostly in the ventral reticular formation: in some cases it
reached the dorsal margin of the posterior hypothalamus. In these animals
daily administration of 10 /xg cortisone acetate sufficed to decrease the cortico-
steroid content of adrenal venous blood to or even under the level found in
normal, non-operated cats. A 50 /xg dose of cortisone produced, however, no
further decrease. Fig. 2 reveals, further, that in the secretion of aldosterone no
change was brought about from those areas which in response to 50 /xg cortisone
acetate produced marked diminution of the corticosteroid secretion. It is to be
noted that the values in Fig. 1 and Fig. 2 show the summarized data of steroids
separated by paper chromatography. Thus, in the rat, they correspond to the
total amount of corticosterone and of another /14-3-ketocorticoid so far un-
known in structure, while in the cat, to the sum of hydrocortisone and cortico-
sterone. In view of the small amounts present, the quantitative changes in the
11-dehydrocorticosterone and zl4-androsterone-3,17-dione content were gen-
erally neglected in these experiments.

Next, the influence of hypertonic sodium chloride on the hormone sec-
retion of the adrenal cortex was investigated, with special reference to the
aldosterone output. For this purpose 0.03 and 0.05 ml 5 per cent saline was in-
jected into various parts of the brain, twice or, in some cases, three times daily
for a period of 6 to 7 days. No change occurred in aldosterone secretion unless
the hypertonic saline was injected into the mesencephalic reticular formation.
Even 0.05 ml of hypertonic saline, a volume impregnating a region of 3to 4 mm
in diameter, was ineffective when injected into the diencephalon. Fig. 3 shows,
further, that 12.5 per cent glucose injected into the mesencephalic reticular
formation was similarly unable to alter the aldosterone secretion. This finding
indicates that the effect of hypertonic saline is due only partlv to changes in the
osmotic state.

Acta Physiologica XVI1I1/4.
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abc ab abec

Fig. 3. Effect of hypertonic NaCl on aldosterone and glucocorticoid secretion
as well as on adrenal weight

Left: adrenal weight, a = normal animals treated with physiological saline; b = treatment
with 5 per cent NaCl; ¢ = treatment with hypertonic dextrose.

Middle: glucocorticoid secretion; a and b as before.

Right: aldosterone secretion, a = cats treated with physiological saline; b = hypertonic saline;
0 = glucose; » = hypertonic saline. In addition, the effect of 0.05 ml hypertonic NaCl ad-
ministered in various parts of the diencephalon is shown. In parentheses: number of animals

In the animals treated with injection of hypertonic saline into the mesen-
cephalon the adrenal weight was increased by nearly 100 per cent, aremarkable
elevation during an experimental period of one week. On the other hand,
adrenal weight did not change if dextrose had been injected into the mesen-
cephalon, or hypertonic saline into the diencephalon or thalamus. The marked
increase of adrenal weight was not associated with changes in the glucocorti-
coid secretion, which was normal throughout the experiments.

Discussion

The effects of intracerebrally administered cortisone acetate in both the
cat and the rat unequivocally showed that the activity of the pituitary-adreno-
cortical system can be decreased or even completely inhibited from certain
parts of the central nervous system, namely the caudal hypothalamus and the
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mesencephalic reticular formation. The reactions elicited from both nervous
structures exhibited, however, marked differences. Cortisone injected into the
caudal hypothalamus inhibited ACTH secretion in direct propsortion to the
amount of the drug introduced, while when injected into the mesencephalon it
was not capable of decreasing the corticosteroid content of the adrenal venous
blood. The present investigations have failed to offer an explanation as to the
mechanism of action of cortisone acetate introduced into the hypothalamus.
This steroid probably decreased the secretion of ACTH directly by acting on
the anterior pituitary. The possibility of such an effect is given by the anatomi-
cal localisation. On the other hand, a direct action on the nervous structures
has to be supposed in the case of the mesencephalic effect. Cortisone given into
this area normalized only the operation-induced activation of the pituitary
adrenocortical system, a fact indicating that this corticoid influences adreno-
cortical activity by interruption of one of the central nervous links of the stress
mechanism. In our experiments low doses (10 /tg) already sufficed to produce
this inhibitory effect, and no further suppression occurred on raising the dose.
This fact corroborates our above-mentioned assumption about the cortisone
effect. When, however, cortisone was administered in the caudal hypothalamus,
the reactivity of the adrenal cortex was depressed in direct proportion to the
dose, a fact pointing to a direct inhibition of ACTH secretion. It is not clear
whether this effect takes place immediately through the anterior hypothalamus,
or via the neuhormonal chain of the hypothalamus-pituitary system.

The central role of the reticular formation in the activation of the pitui-
tary-adrenocoriical system has been pointed out in a previous paper, in which
we have demonstrated that, via the thalamus and the posterior hypothalamus,
this structure represents a direct neural activation of ACTH secretion. The
last link is the neurohormonal relay between hypothalamus and anterior
pituitary, the morphological substrate of which is the medial eminenta. The
present investigations have shown that the reticular formation in addition to
representing the central transmission of neural activation, is sensitive to hor-
monal factors involved into regulation. This structure is known to be electro-
physiologically activated by adrenaline, C02 or other stressor effects, a fact
indicative ofthe marked hormonal sensitivity of this part of the central nervous
system.

The investigations of Anderson etal. [1] have pointed to the decisive part
of the mesencephalon and hypothalamus in the regulation of aldosterone sec-
retion. The experiments of these authors clearly demonstrated that the mesen-
cephalon maintains aldosterone secretion primarily by hormonal stimuli, tran-
section at the boundary of the mesencephalon and medulla oblongata failed to
alter aldosterone secretion, while complete decerebration brought about its
marked decrease. The mechanism of this regulation has not been completely
elucidated, even though the investigations of Rauschkolb and Farrel1 [11]

4*
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as well as David, Weisz and Kovacs [2] have pointed to the possibility that
a substance (glomerulotrophine) released from the mesencephalon or the brain
stem enters the blood and is of decisive importance in the maintenance of aldo-
sterone secretion by the glomerular zone. This assumption is supported by the
fact that ACTH does not participate in the regulation of aldosterone secretion.
In our present studies, injection of hypertonic saline into the mesencephalic
reticular formation resulted in a marked decrease of aldosterone secretion. No
such effect occurred after injecting hypertonic dextrose, or on administration
of hypertonic saline into other neural structures. Inhibition of aldosterone
secretion was accompained by a marked increase in adrenal weight. The mecha-
nism and significance of this effect are not clear. The observation that the in-
crease in adrenal weight did not go parallel with the rate of glucocorticoid sec-
retion, once more calls attention to the fact that tissular hypertrophy and
synthesis of 17,21-hydroxycorticoids are regulated by two independent mechan-
isms, which under certain experimental conditions show an opposite behavi-
our. Hypertonic saline injected into the mesencephalon decreased aldosterone
secretion. This observation suggests the possibility that this regulation might
have a role also under physiological conditions. Further studies are, however,
needed to decide the specificity of this phenomenon for sodium chloride and
for the osmotic state. It should be remembered that under identical conditions
injection of 2 per cent potassium chloride had no effect whatever on aldosterone
secretion.

In the evaluation of the experimental findings we are faced with the
question of the role of the feed-back effect of the corticoids in the regulation of
pituitary-adrenocortical activity. In stress of short duration such a phenome-
non is certainly not involved. The corticoids liberated after a stress-increased
ACTH secretion are probably capable of delaying resp. decreasing the ACTH
outflow from the pituitary gland. This can take place even during the time of
the intervention, either by acting directly on the anterior hypothalamus, or
indirectly, via the neural structures of the mesencephalon. The decreasing
tendency of adrenocortical reaction after repeated stresses, i. e. the so-called
resistance, is probably brought about by this same mechanism. The final de-
cision of the question needs, however, further studies.
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In rat experiments it has been observed that electrocoagulation of the anterior
hypothalamic area, destroying the area between the paraventricular nucleus, optic
chiasma and infundibulum and extending into the praeoptic region significantly in-
creased uterine weight and induced constant oestrus. Pituitary-adrenocortical activity
was also increased, as shown by the increased corticoid level in adrenal venous blood.
The gonadal changes in response to the lesion were more marked in the adrenalecto-
mized animals than in the controls. It has also been observed that the adrenocortical
hypersecretion in response to hypothalamic lesion does not take place in ovariecto-
mized animals.

It has been concluded that the adrenocortical reaction to the hypothalamic
lesion is due to a primarily increased ovarian activity, and that adrenocortical secretion
very probably lessens the gonadal changes appearing after hypothalamic lesion.

A number of reports has been published indicating the direct role of the
hypothalamus in the control of gonadotrophic hormone production by the
anterior pituitary, although the problems of structural localisation and of the
underlying mechanism still remain unclear. Destruction of the area between
the paraventricular nucleus, anterior eminentia mediana and the optic chiasma
produces constant oestrus or premature puberty (Dey et al. [2, 3, 4]; Flerko
[12, 13]; Donovan and Werff ten Bosch [5, 6, 7]; Greer [15, 16]). On the
other hand, a lesion located to the more rostral area produces a state of con-
stant anovulation (Greer [17]) while stimulation of the anterior hypothala-
mus is known to increase gonadotrophin secretion, elicitable also from extra-
hypothalamic structures (Tokazine and Sawyer [20]; Green, Clemente and
DeGroot [14]; Critchlow [1]). In opposition to these data Herbert and
Zuckerman [19] arrived at the conclusion that surgical intervention in the
central nervous system without defined structural localisation aspecifically
increases gonadotrophin secretion.

In this paper an account is given of the experimental changes observed
in the function of the pituitary-ovary and of the adrenal cortex following
hypothalamic lesion.

Methods

A total of 98 female rats from the same stock, weighing 95 to 135 g each, was used. The
hypothalamus was destroyed by means of a Horsley-Clark stereotaxic apparatus adapted to
the rat, by bilateral electrocoagulation with 3 mA for 6 sec. The adrenals or the ovaries had
been removed 4 to 6 days before electrocoagulation, under ether anaesthesia.
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Gonadal function was examined by controlling oestrus cycles in vaginal smears, or by
determining the weight of the ovary and uterus post mortem.

Adrenocortical function was assayed by determining the corticosteroid level in the
venous blood of the adrenals. Adrenal venous blood from heparin-treated (100 U/100 g of body
weight intravenously) animals anaesthesized with phénobarbital (5 mg/100 g of body weight
intraperitoneally) was collected over 60 minutes, then the corticosteroids were extracted and
separated by paper chromatography, using the methods described previously (Endréczi,
Bata and Martin [8]; Endréczi and Lissak [9]). For quantitative assay the microtetra-
zolium reduction and alkaline fluorescence tests were employed (Endréczi and Yang [11]).

The animals were weighed at the beginning and at the end of the experimental period.
The site of electrocoagulation was controlled post mortem, in sections embedded in paraffin
and stained with cresyl violet.

Results

The animals were grouped in the following way.

1. Control group. No surgical intervention.

2. Ovariectomized animals, tested for adrenal cortical function.

3. Adrenalectomized animals, tested for changes in gonadal weight.

4. Animals with lesion to the anterior hypothalamus, tested for adrenal
cortical hormone secretion and for gonadal activity.

5. Animals with lesion to the anterior hypothalamus, previously ovari-
ectomized.

6. Animals with lesion to the anterior hypothalamus, previously adrenal-
ectomized. This group was kept alive by administering 50 ~g DOCA in oil and
physiological saline.

The changes observed in the above groups were as follows.

Group 1. The adrenal venous blood of the controls contained two com-
pounds, corticosterone and zl4-3-ketocorticoid, not reducing tétrazolium. The
two compounds were present in a ratio of approximately 3to 1. No individual
relationship could be demonstrated between the ovarial and uterine weights
per 100 g of body weight and the adrenal cortical hormone secretion (Fig. 1).

Group 2. Fourteen days following ovariectomy there was no significant
change in the coriicoid content of the adrenal venous blood, though the values
were closely similar to those representing the lowest of the control ones (Fig. 2).

Group 3. The adrenalectomized rats did not differ in ovarian and uterine
weight from the controls. Likewise, there was no difference or change in the
course of the oestral cycle during the 16 days of observation (Fig. 3).

Group 4. The lesion to the anterior hypothalamus was rostrally and ven-
trally from the paraventricular nucleus, extending to the area between the optic
chiasma and infundibulum and in some cases also the ventromedial nucleus.
Anteriorly the lesion extended to the area of the preoptic region, to the level
of the anterior commissure. Some lesions destroyed the paraventricular nuc-
leus, but no lesion was demonstrable in the area of the infundibulum and
median eminentia.
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Fig. 1. Adrenal venous corticosteroid levels, adrenal weight, uterine and ovarian weights
of 16 normal female rats

Fig. 2. Adrenal venous corticosteroid levels Fig. 3. Changes in uterine and ovarian
14 days after ovariectomy in 12 rats weight 16 days after adrenalectomy
in 10 rats

In the animals, in which bilateral electrocoagulation caused a lesion ex-
tending from over the optic chiasma to the preoptic region and eaudally to the
first level of the tuber cinereum, the weight of the gonads increased signifi-
cantly. At the same time, these animals developed constant oestrus as early as
4 to 7 days after sustaining the lesion. The corticoid level of the adrenal venous
blood (as determined on the 14th to 16th postoperative days) showed no un-
equivocal changes, although it was above the control level. Adrenal weight
increased slightly (Fig. 4).
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Fig. 4. Adrenal venous corticosteroid levels and changes in gonadal weight two weeks after
electrocoagulation of the anterior hypothalamic area. The lines connecting the values show
the reaction of the individual rats

ovariedomized
volues

Fig. 5. Changes in adrenal venous blood and uterine weight two weeks after anterior hypo-
thalamic lesion in 15 female rats. Electrocoagulation was performed 4 days after ovariectomy.
The values for the 9 ovariectomized controls are also shown

Group 5. These animals had been ovariectomized 4 days before afflicting
the lesion to the anterior hypothalamus. Subsequently, the animals studied
at 14 to 16 days were tested for adrenocortical hormone secretion. As opposed
to the data for group 4, the values for group 5 hardly differed from the control
ones. The increase of steroid secretion characterizing the controls with lesion
to the anterior hypothalamus was absent. It was noteworthy in this group that
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.persistent
oestrus

Fig. 6. Changes in uterine weight following hypothalamic lesion in 17 adrenalectomized
female rats

e control anlrmis

ooperated

Fig. 7. Weight curves for the operated and control rats in the 16-day test period

in some animals the uterine weight was definitely higher than in the castrated
control rats (Fig. 5).

Group 6. The animals of this group had undergone adrenalectomy 4 to 6
days before afflicting lesion of the anterior hypothalamus. As shown in Fig 6,
the uterine weights increased much more markedly in this group than in the
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controls with hypothalamic lesion. As determined by vaginal smear studies, the
animals were in constant oestrus by the 6th to 7th day.

As to the site of the lesion, it is clear from the figures that electroeoagu-
lation in the anterior hypothalamic area affected most profoundly the pitui-
tary-ovarian function when it involved the preoptic region. No such changes
resulted from lesioning the group of paraventricular nuclei or causing isolated
lesion to the ventromedial nucleus.

Lesion to the preoptic region interfered with somatic development. As
shown in Fig. 7, the weight gain of these animals during the test period was
minimal, as compared to the weight curves for the controls.

Discussion

The present observations suggest that adrenal cortical function is inter-
related with ovarian function and that these interrelations are significantly in-
fluencing the experimental results following electrocoagulation of the anterior
hypothalamic area. It was remarkable that the hypothalamic lesion elicited
not only a constant oestrus, but significantly increased uterine weight as well,
a finding not mentioned in pertaining reports by other authors. For example,
Greer [17] found no change either in the uterine or in the adrenal weight fol-
lowing hypothalamic lesions, although the animals showed constant oestrus.

The increase of uterine weight, a reliable indicator of gonadal activity
is apparently due to an increased oestrogen output, and is in harmony with the
constant oestrus.

As to the site of the lesion, the bilateral lesions extending from the level
of the optic chiasma to the preoptic region anteriorly and to the first level of
the tuber cinereum dorsally and caudally, were the most effective. No gonadal
changes of similar nature occurred following lesion to the paraventricular
nuclei alone or to the ventromedial nucleus alone.

While in the control adrenalectomized and ovariectomized rats the inter-
action between the two endocrine systems was not conspicuous, in the animals
with lesion to the anterior hypothalamus considerable changes were noted. In
the ovariectomized rat the hypothalamic lesion does not increase corticoid
output. This fact indicates that the endocrine changes elicited by the lesion
may be traced back to an increased gonadal activity. The increase of corticoid
secretion following the administration of exogenous oestrogens has been con-
firmed also by us (Martin and Endréczi [21]). It has been observed further,
that the weight of the uterus shows a more marked increase in adrenalectomized
animals with hypothalamic lesion than in the controls. This inhibitory action
of the adrenal cortex has been reported previously. The administration of
exogenous corlicoids lessens the increase of uterine weight produced by the
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exogenous oestrogens and inhibits the feed-back action of oestrogens upon
the gonadotropin secretion by the hypophysis (Martin and Endréczi [21])

The mechanism of the changes which follow the lesion to the anterior
hypothalamus remains unclear. The increased gonadotrophin secretion in re-
sponse to the lesion, that may be considered a primary phenomenon, seems to be
due to some non-specific tissue excitation. This is suggested also by the in-
creased gonadotrophin secretion in response to anterior hypothalamic stimu-
lation. On the other hand, it is difficult to interpret the view according to
which the anterior hypothalamus would control the trophic hormone secretion
by the anterior pituitary through inhibitory nervous structures. The gonada
atrophy following transaction ofthe pituitary stalk likewise points to a primary
activating influence of the diencephalon. The experiments with transplanted
anterior pituitary lobe yielded similar conclusions (Harris [18]; Greer [17]).

The pituitary-ovarial-adrenocortical connexions observable following the
lesion of the anterior hypothalamus appear to play a role in physiological and
pathological phenomena alike. We had shown earlier that the stimulation of
the septal area causing an increased 17-ketosteroid output by the adrenal
cortex had no such effect following ovariectomy (Endréczi and Lissak [10]).
The present experiments indicate that adrenocortical secretion is capable of
reducing the increased release of gonadotrophin from the anterior pituitary
that results after injuring the anterior hypothalamus. This complex synergistic
and antagonistic connexion between the two endocrine systems or a shift in
their equilibrium might have a significant role in the genesis of certain adreno-
movarian diseases.

LITERATURE

. Chritchlow, ¥. B.: Anat. Rec. 127, 283 (1957).

Dey, F. L., Fischer, C.,, Berry, C., Ransom, S. W.: Amer. J. Physiol. 129, 39 (1940).
Dey, F. L.: Amer.J. Anat. 69, 61 (1941).

.Dey, F. L.: Endocrinology 39, 75 (1943).

Donovan, B. T., van der Werff ten Bosch,J. J.: Nature (Lond.) 178, 745 (1956).
Donovan, B. T., van der Werff ten Bosch, J. J.: J. Physiol.(Lond.) 132,123 (1956).
Donovan, B. T., van der Werff ten Bosch, J. J.: J. Physiol. (Lond.) 147, 78 (1959).
Endréczi, E., Bata, G., Martin, J.: Endokrinologie 35, 280 (1958).

. Endréczi, E., Lissak, K.: Acta physiol, hung. 15, 25 (1959).

10. Endréczi, E., Lissak, K.: Acta physiol, hung. 17, 39 (i960).

11. Endréczi, E., Yang, L. T.: Acta physiol, hung. 18, 125 (1960).

12. Flerko, B.: Acta morph, hung. 3, 65 (1953).

13. Frerko, B.: Acta morph, hung. 4, 475 (1954).

14. Green,J. D., Clemente, C. D., de Groot,J.: J. comp. Neurol. 108, 505 (1957).

15. Greer, M. A.: Proc. Soc. exp. Biol. (N. Y.) 77, 603 (1951).

16. Greer, M. A.: J. clin. Endocr. 12, 1259 (1952).

17. Greer, M. A.: Recent Progr. Hormone Res. 13, 67 (1957).

18. Harris, G. W.: Neural Control of the Pituitary Gland. Arnold, London, 1955.

19. Herbert,J., Zuckerman, S.: J. Endocr. 17, 433 (1958).

20. Tokazine, T., Sawyer, C. H.: Arch. Neurol. Psychiat. (Chicago) 77, 259 (1957).

21. Martin, J.. Endréczi, E.: Acta physiol, hung. In press, 1961.

©END OIS WNE

Elemér Endréczi,
Orvostudomanyi Egyetem Elettani Intézete, Pécs.






THE EFFECT OF CONSTANT LIVING CONDITIONS
ON THE SALIVARY HYDROGEN ION CONCENTRATION
IN CHILDREN

By
I. Szabs and K. Toth

DEPARTMENT OF STOMATOLOGY, MEDICAL UNIVERSITY, SZEGED

(Received September 28, 1960)

A total of 397 tests for salivary pH have been made in 52 children, living in
institutions or with their parents. The salivary pH values for the children living for
longer periods in institutions were significantly higher than those for the children living
with their parents. The differences in salivary pH between the single groups are attrib-
uted to dietary and environmental factors.

The extensive literature on salivary pH dates back to about 75 years ago.
The first report on the subject was published by Chittenden and E1ly in 1883
[4], Szabo’s [33] study “Uber die chemische Reaktion des Mundspeichels”, in
1900. The first electrometric salivary pH determination was made in 1905 by
Foa [10]. Tests on a larger scale followed in 1914 [16, 23].

In the subsequent decades salivary pH has been studied from many
aspects. Most of the investigations, preponderantly in vitro, were concerned
with the correlation between tooth decay and salivary pH. During the past 20
years there was a tendency to claim no correlation between the two [2, 6, 15,
19, 32]. Most of the tests on which this claim was based had involved subjects
not living under constant conditions and there was also a considerable diver-
gence between the methods employed.

In our opinion, the results are significantly influenced by certain factors,
such as

1. diurnal variations in salivary pH;

2. differences between the techniques employed;

3. the failure of clinical methods correctly to assess the grade of caries
activity;

4. differences in the living and dietary conditions of the test subjects.

We have therefore performed our studies with especial consideration of
these points.

In previous reports we have discussed in detail that the dentition of
children living for a longer period and fed an approximately adequate diet in
nurseries was significantly better than that of children living under inhomoge-
neous conditions with their parents [34, 35, 36]. It has been surmised that this
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difference may be detected not only in the condition of the teeth, but in the
biochemical reactions of the saliva as well.

Our experiments had the following aims. To determine the changes in
salivary pH due to dietary and environmental effects; to find a difference (if
any) in salivary pH between children living under constant and children under
variable conditions; to analyse the correlation between the diurnal variations
of salivary pH shown by the different groups.

Methods

a) Sampling of saliva. Resting saliva was collected by allowing it to flow freely at 7.30
a. m. and 2.30 p. m. Five ml were taken at a time, using 2 ml samples for pH determination
and the rest in other tests. The morning sample was fasting saliva, the afternoon one was ob-
tained 30 minutes after the midday meal. The children did not brush their teeth or rinse their
mouth on the day of sample collection.

The condition of the teeth was examined by mirror and probe, in artificial light. No
X-rays were used. The DMF index was applied for recording the dental status. The children
having no decayed, filled or missing teeth were listed in the group “good teeth”; the rest
belonged to the group of “bad teeth”, depending on the DMF figure.

b) Determination of pH. The samples were immediately tested electrometrically, using
glass electrodes (Universal pH Meter 22, Copenhagen).

c) Statistical analysis. Biometric evaluation of the group means was based on the “t”
test [17], accepting a difference with P < 0.05 to be significant.

Number and distribution of tests (Table I)

Salivas from a total of 52 subjects (mean age 10.57 years) were tested. Twenty of them
had good teeth and 32 had bad teeth.

Eleven of the test subjects lived in the State Children’s Home of Szeged, 28 in the
Institute for Deafmutes and 13 were children attending the Arpad Square General School.

The data for the Children’s House and the deafmute children have already been reported
[34, 35, 36]. In the present series the group of children attending school and living under
different conditions was used as the control to the earlier two groups.

The groups were formed in the following way:

Table |

Number and distribution of tests

Number of test Number of test
M;ggrgge subjects fasting afternoon Total
g t bt total g b.t. total ¢ t bt total
State Children’s Home 9.27 4 7 " 18 38 56 19 45 64 120

Institute for Deafmutes 12.78 10 18 28 35 64 99 21 29 50 149

Arpad Square General
School 10.15 6 7 13 34 42 76 24 28 52 128

Total 10.57 20 32 52 87 144 231 64 102 166 397

g. t. = good teeth; b.t. = bad teeth.

Group 1.: Children living for at least 2.5 years in an institution, well developed physi-
cally and mentally, fed on institute diet, brushing teeth regularly, under supervision (State
Children’s Home).
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Group 2.: Children living in an institution for more than 2.5 years, having restricted
contacts with the outer world. They are well developed physically and mentally, and are fed
on a diet similar to that in group 1. They brush their teeth regularly. (Institute for Deafmutes.)

Group 3.: Children living with their parents, fed on different diets, well developed phys-
ically and mentally. Not all of them brush their teeth regularly (schoolchildren).

A total of 397 tests was made in the 52 subjects, including 231 fasting tests and 166
after the midday-meal. The average value of pH tests in one child was 7.6.

Results

7. Global results

1. The global mean pH for the 52 children tested was: fasting, morning
saliva, 7.40; afternoon saliva, 7.23.

2. Dividing all the test subjects into groups of good and had teeth, the
following values were obtained.

a) In the 20 subjects with good teeth the morning salivary pH value
averaged 7.48, the afternoon salivary pH 7.29.

b) In the 32 children of the bad teeth group the morning mean was pH
7.33, the afternoon one pH 7.17.

Il. Results for the individual groups

Group 1. Mean salivary pH for fasting saliva 7.71, for afternoon saliva 7.46.

The means for children with good teeth were 7.80 and 7.60, respectively,
and for the children with bad teeth they were 7.62 and 7.33.

Group 2. Mean morning salivary pH 7.50, afternoon salivary pH 7.29.

The means for children with good teeth were 7.47 and 7.32, respectively,
and for those with bad teeth 7.54 and 7.27, respectively.

Group 3. Mean morning salivary pH 7.26, afternoon salivary pH 7.03.

The means for the children with good teeth were 7.39 and 7.11, respec-
tively, and for those with bad teeth 7.13 and 6.95, respectively.

Discussion
1. Salivary pH

The pH of the saliva depends on the equilibrium between the buffer sys-
tems in the saliva. Of these, it is first of all the bicarbonate —carbonic acid sys-
tem that is primarily responsible for the maintenance of the actual salivary pH
[20, 21, 39]. According to the formula of Henderson and Hasselbach [30]"

[HCOB]

= 6.1 + log
[H2C03]

which essentially means that a shift in the salivary bicarbonate—carbonic acid
equilibrium necessarily causes a shift in the salivary pH and vice versa.

5 Acta Physiologica XV 111/4.
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The pH ofthe mixed, resting human saliva is usually reported to bearound
pH 7.00, with ranges of from 6.00 to 7.40 [32] and 6.40 to 7.40 [19] in groups
containing subjects with good and bad teeth.

The mean salivary pH in mixed groups has been reported to be pH 6.70
[2, 6, 7, 11], around pH 7.30 [5, 14, 15, 31] and around pH 7.00 [12, 22, 25, 38].

2. Factors influencing the pH oj saliva

Popper and Haffner [26] in 1925 suggested that the salivary pH was
approximately constant and might remain unchanged for long. In 1937, after
detailed and careful studies, Grossman and Brickman [11] stated that the
salivary pH was not constant, but might vary within wide ranges even in
the same subject. The observations made on 5 subjects by Eisenbrandt
[6] yielded the evidence that the salivary pH would change from hour to
hour, from day to day. In a larger material [7] even seasonal variations were
demonstrable, with the highest values occurring in autumn and the lowest
values in the spring.

The lowest daily mean value was obtained immediately on awakening
[13] and the highest at 5 o’clock p. m. [6]; the latter was significantly different
from the fasting values.

Krasnow [18] was the first to point out the substantial influence upon
the salivary pH of the part of the day, the metabolic state of the subject,
mastication, absorption of C02during collection, and the length of the interval
between saliva collection and pH test. According to Eisenbrandt [7], the
changes in salivary pH are determined by changes in the metabolism of the
subject. Anderson [1] suggest salivary C02 concentration to be responsible
for the variations in salivary pH. Rapp [27] and Egcers-Lura [8] emphasize
the role of carbonic anhydrase; the resulting C02loss would affect the pH of
the saliva. A correlation between the diet and the alkali reserve of the saliva
has been pointed out by Witls and Forbes [40], as well as by Ericsson [9].
Schmiedt-Nielsen [28, 29] emphasized the significance of nervous stimuli,
which directly influence the secretion of saliva and thus may alter salivary pH
as well. The higher morning values, too, may be due to stimulation, sampling
the saliva being the first and not negligible stimulus after wrakening.

3. Discussion ofthe results for the single groups

The values for morning and afternoon salivary pH ranged from 6.40 to
7.50 in the group of the children living with their parents (group 3), essentially
in agreement with the results published by Leicester [19] and Swerdlove
[32]. However, the pH values for the children living under controlled conditions
(group 1 and group 2) differed from the data in the literature. In group 2 the
salivary pH values ranged from 7.10 to 8.05 and in group 1 the range was
7.20 to 8.25.
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No. Age, years Dental state
I 9 good teeth
2. 8 good teeth
3. 9 good teeth
4. 8 good teeth
5 8 bad teeth
6 10 bad teeth
7 10 bad teeth
8. 9 bad teeth
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10.
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12.

13.
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Age, years
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No. Age, years
51. 10
52. 10

Dental state

bad teeth

bad teeth
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Fasting
pH

7.40
7.45
7.00
7.00
7.50
7.00
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7.30
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7.15
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6.70
6.90

6.80

As regards the fasting salivary pH it was again group 3 which was closest
to data in the literature (Table I1), with a mean of pH 7.26. The means were

State Children’s Home
Institute for Deafmutes
Arpad Square General School

g.t. =

higher in group 1 and group 2, pH 7.71 and pH 7.50, respectively, both

Changes of pH

Table 11

Fasting saliva
total

g mean range

7.80 7.62 7.71 + 0.36

7.47 7.54 7.50 +0.33

7.39 7.13 7.26 +0.45
bad teeth.

good teeth; b.t. =

7.60
7.32
7.11

in the morning and afternoon salivas

Afternoon saliva

total
b. t.

mean range
733 7.6 +0.26
727 729 +1.03
6.95  7.03 +0.14
signif-

icantly different from the value for group 3 (Table 111, Table IV).

Fasting pH

Afternoon pH

Table 111

Comparison of the results for group 1 and 3

group 1
group 3
group 1

group 3

Mean Range
7.71 +0.36
_7.26 +0.45
7.46 +0.26
7.03 +0.14

130

114

Degree of freedom |

“I” P
8.87 <0.01
7.94 <0.01
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Table IV

Comparison of the results for group 2 and group 3

Mean Range Degree of freedom “t” P

group 2 7.50 + 0.33 173 5.36 <0.01
group 3 7.26 + 0.45
group 2 7.29 +1.03 100 2.18 <0.05

group 3  7.03 +0.14

The afternoon saliva showed in every group lower pH values than those
for the fasting saliva (Table I). The only significant difference was that be-
tween the mean morning and mean afternoon salivary pH values in group 1.

The lowest mean afternoon salivary pH was recorded in group 3 (pH
7.03), as compared with the pH 7.46 value for group 1. Here, too, the mean pH
values for the children living in institutions were significantly higher than the
mean for the children living with their parents (Table 111, Table 1V).

Although group 1 differed from group 2 only in that the children in the
latter had a chance to take food other than that received in the institute
(pocket money, parcels from home, contact with the outer world), they showed
different salivary pH values. The fasting and afternoon means for group 1
were higher than those for group 2, and the difference between the morning
means was significant. Salivary pH values seem to show an increasing tendency
under constant conditions.

4. Degree of caries activity and salivary pH

Many data indicate that no correlation exists between the degree of
caries activity and salivary pH [2, 6, 15, 19, 32].

The degree of caries activity or the onset of the development of disposition
to caries cannot he determined by simple clinical exami lation [36]. For this
reason we have used the terms good teeth and bad teeth instead of the terms
caries-resistant and caries-active. The means for the single subgroups were
different in every case. In general, the children with good teeth showed higher
salivary pH values both in the morning and in the afternoon, except for the
fasting values in group 2. In latter case the children with bad teeth showed a
higher salivary pH mean value.

The higher mean salivary pH values of caries-resistant persons, as com-
pared with that of caries-active ones have been pointed out by Karshan [15]
and Hdbbel [14]. After a test period of 12 months’ duration, Brawley [3]
expressed the view that an increase of the caries index would be accompanied
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by changes in salivary pH, i.e. a higher caries index is characteristic of a
lower pH and vice versa.

In our subjects, too, those with good teeth showed higher salivary pH
means than those with bad teeth, but there was a significant difference ex-
clusively with the afternoon values for group 1 and with the fasting values for
group 3. However, no definite conclusions as to the exceptable salivary pH
values of an individual may be drawn from the group mean. Subjects showing
low pH values occurred also in the groups with high means and vice versa.

5. Diurnal variations of salivary pH

Eisenbrandt [6, 7] has called attention to the significant differences in
the results of salivary pH tests made at different times during the day. For

pH
8.00

7.50

7.00

1 ~2 3 4 days
Fig. 1. Salivary pH changes in the three groups, as determined in four consecutive mornings.
1: State Children’s Home; 2: Institute for Deafmutes; 3: Arpad Square General School

pH
8.00

7.50

\ A n A n A

Fig. 2. Salivary pH changes in the good teeth (1) and had teeth (2) children of group 1, as
determined on 3 consecutive days (M: in the morning, A: in the afternoon)
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this reason, salivary pH tests are usually done in the same period of the day,
under identical experimental conditions. Even then the results are different,
but they are at least comparable.

We, too, have made our tests with regard to these considerations, and
found differences in the individual and group results alike. The greatest differ-
ences occurred in the group of children living with their parents and the small-
est in the Children’s Home. The fasting values offered the best example.
From the data in Fig. 1, it is clear that the means for group 1 were slightly,
those for group 3 markedly, divergent in the tests made in the morning of four
consecutive days.

The diurnal salivary pH changes in the good teeth and bad teeth groups
arc shown in Fig. 2. In group 1 there was a definite difference in the pH
curve between the children with good and those with bad teeth, with a range
of 0.48 and 0.10 pH (mean, 0.24), but the same value has not been obtained
twice.

6. Salivary pH and diet

Wills and Forbes [40], as well as Ericsson [9] have shown that sub-
jects fed on different diets have different salivary alkali reserve. Those on
protein and vegetable diet showed higher values than those on carbohydrate
diet. Toth and Hattyasy [35] and Oravecz [24] found the diets fed at the
State Children’s Home in Hungary to be adequate by present standards.
Toth [34] observed a significant reduction in caries incidence among children
fed on that diet for longer periods.

The present investigations, too, indicate a correlation between the diet
and the hydrogen ion concentration of the saliva.

Conclusions

No conclusions of general validity may be drawn from the evidence ob-
tained for the small groups tested. It may still be stated that the saliva of chil-
dren living in closed institutions for longer periods is significantly more alka-
line and shows smaller diurnal variations (i. e. its pH is more constant) than
the saliva of children living with their parents.

The cause ofthis difference is suggested to lie in differences in the dietary
and living conditions.

The differences in salivary pH values between children with good teeth
and those with bad teeth were usually not significant mathematically. As to
an eventual correlation between caries activity and salivary pH, no answer
can be given before a reliable test has been developed for the determination of
the degree of caries activity or of the onset of caries disposition.
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In rats anaesthesized with pentobarbital (40 mg/kg, intraperitoneally), urethane
(1 g/kg, intraperitoneally) resp. chloralose (0.10 g/kg, iv.) we determined the cardiac
output, blood pressure and by the indicator fractionation method of Sapirstein [1, 2]
the organ fractions of cardiac output. From these data organ blood flow and vascu-
lar resistance were computed. In a group of unanaesthesized animals the cardiac output
fractions alone were studied.

The results obtained for the animals under pentobarbital anaesthesia agreed
well with those in the literature. As related to the results for the pentobarbital group,
lower blood presure and cardiac resistance values were obtained in the urethane-
treated group. The cardiac, carcass fractions of the cardiac output were higher, the
renal and intestinal fractions were lower. Chloralose increased the blood flow in the
skin, carcass and reduced the resistance of the heart and the carcass. The renal fraction
of cardiac output was lower, the carcass fraction higher. In the unanaesthesized
group the cardiac, renal and hepatic fractions of the cardiac output decreased, the
carcass fraction increased.

On the basis of the results, of the three anaesthetics tested pentobarbital seems
to be the most suitable for use in circulation experiments in rats.

In circulation studies rats are much less frequently used then the bigger
mammals. Recently, Sapirstein [1, 2] has described the method of “isotope-
indicator-fractionation”, by which every important organ fraction of cardiac
output (except for the cerebral one) can be determined in the rat, using 86Rh
resp. K. When cardiac output and blood pressure are known, visceral blood
flow and vascular resistance may be computed. Thus, a combined application
of the above methods makes it possible to study in detail the circulation of the
rat, and to use rats in investigations which up to now had to be made on bigger
animals.

In the present experiments the circulatory effects of pentobarbital,
urethane and chloralose were observed in the rat, to determine which of these
drugs is the one most suited for use in circulation studies. In order to assess the
normal values, a group of unanaesthesized animals was tested for the fractions
of cardiac output.

Methods
Male rats were used. Sodium barbital was injected intraperitoneally, in a dose of 40

mg/kg, in a 1 per cent solution. The dose of urethane was 1.0 g/kg, injected intraperitoneally in
the form of a 20 per cent solution. Chloralose was administered intravenously, in a dose of*
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0.10 g/kg in aone per cent solution. Experimentation began 20 to 40 minutes after the injection
of the anaesthetics. In the group of the unanaesthesized rats (“alert”) 86Rb had been adminis-
tered through a polyethylene cannula implanted one or two days before the experiment into
the jugular vein and filled with 50 mg/ml heparin. Owing to technical reasons, only the fractions
of the cardiac output were studied.

In the circulation studies we followed essentially the procedure described by Sapirstein
[2]. Blood pressure was measured in the carotid artery, using a membrane manometer
(type Kéallay—Vorsatz.) To prevent blood clotting, heparin (2.5 mg in 0.2 ml) was injected into
the tail vein before the insertion of the cannula. Cardiac output was determined by the dye
dilution method [3]; 0.3 ml of a 1.5 per cent solution of Evans blue was injected into the
femoral vein and at intervals of 0.66 sec blood samples were taken by means of the fractional
blood collector (type K&llay—Vorsatz) from the carotid artery. The concentration of dye in 20 /tl
samples of blood was determined in a Beckman B spectrophotometer. Cardiac output and the
fractions of cardiac output were determined in the same animal, the dye was injected 50 to 55
sec after the injection of 86Rb.

The organ fractions of cardiac output (except for the cerebral one) were determined by
the “indicator fractionation” method of Sapirstein [1, 2], using 86Rb. 86RbCI, 5 to 10 fiCin
0.5 ml of physiologic NaCl, was injected into the femoral vein. Sixty-five to 70 seconds later
the animals were killed by injecting 0.5 ml of a saturated KC1 solution into the tail vein. The
organs were dissolved in a 20 per cent solution of KOH and the samples were tested for activity
by means of a GM tube with end-window. Except for that of the brain, the organ fractions of
cardiac output are given as the percentage of the activity of the 86Rb, considering that during
the experiment there was no difference in extraction between the organs [1, 2]. According to
our unpublished control experiments, the 12K or 86Rb content of the total circulating blood
volume does not amount to more than 5 per cent of the dose of isotope injected. We did not
extrapolate to “0 venous drainage”, since in 60 to 70 sec there is no significant change in the
concentration of 86Rb in the viscera [4]. The cerebral fraction of cardiac output [5] was not
determined.

From the data for cardiac output, the organ fractions of cardiac output and organ
weight we computed for the single organs the blood flow for 100 g of organ weight, and from the
data for blood pressure the vascular resistance. The units of measurements are to be found at
the end of Table I. As the within-sample variance proved to be practically equal (Bartlett’s
test) the standard deviations were computed from the pooled sum-of-squares. The data were
evaluated by Student’s “t” test. The changes were related to the pentobarbital group.

Results

In the group anaesthesized with pentobarbital sodium the mean cardiac
output was 28.6 m1/100 g, blood pressure 120 mm Hg, total vascular resistance
336 <103 dyne sec cm“5. The cardiac output of 28.6 ml/100 g was higher than
that reported for rats by Sapirstein et al. [2,6, 7] (20.5 to 23.1 and 23.0 ml/
/100 g, respectively). There was practically no difference in the blood pressure
values. Under urethane anaesthesia the mean cardiac output was somewhat
lower, 24.4 ml/100 g (not significant), blood pressure definitely decreased
(to 97 mm Hg) and as regards resistance there was no difference from the
pentobarbital group. In the chloralose group blood pressure and resistance
were lower and cardiac output higher than in the pentobarbital group, but the
differences were not significant.

In pentobarbital anaesthesia the values for the fractions of cardiac output
were in good agreement with those reported by Sapirstein et al. [1, 2, 6, 7].
There was a minor difference in the case of the kidney, in which we found a
cardiac output fraction of 14.6 per cent, as compared with the 16.1 to 17.8
and 14.9 per cent described by the above authors.
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Table |

The effect of anaesthetics on the circulation of the rat

Pentobarbital Urethane Chloralose Within-sample
40 mg/kg i. p. . “Alert” standard
(control) 1 g/kg » p- 0.10 g/kg i. V. deviation
Number of cases (n) 22-30 11—14 11-14 il
Means
Total :
Cardiac output 28.6 24.4 32.8 — 8.7
Blood pressure 120.0 96.7-* 109.2 — 20.0
Resistance 336.1 344.9 286.9 — 110.0
Heart :
Blood flow 211.3 219.9 225.0 — 75.5
Resistance 50.9 34.7- 38.8" — 11.5
Fraction 2.8 3.4- 2.6 1.9— 0.6
Kidney :
Blood flow 415.0 328.7 417.3 - 135.1
Resistance 29.0 24.8 22.9 — 12.4
Fraction 14.6 10.8 — 12.2" 9.8 — 1.8
Lung :
Blood flow 97.7 75.3 82.3 — 33.0
Resistance 124.5 110.9 117.2 — 44.7
Fraction 2.9 3.2 2.4 2.5 0.9
Liver:
Blood flow 67.2 53.6 75.6 - 23.9
Resistance 170.4 154.1 131.1 — 62.4
Fraction 8.6 8.1 8.2 6.3" 1.8
Intestines :
Blood flow 75.8 58.6 84.7 — 30.5
Resistance 135.8 126.9 1145 — 51.3
Fraction 17.0 14.0- 15.1 14.8 3.2
Skin :
Blood flow 12.0 10.1 16.6- - 5.7
Resistance 964.6 877.5 652.0 - 394.0
Fraction 8.8 8.1 10.8- 9.7 2.4
Carcass :
Blood flow 19.6 20.2 25.0- - 7.1
Resistance 526.8 444.6 378.0- — 155.1
Fraction 45.8 52.1- 49.2- 55.5-- 55
Scales
Cardiac output ml1/min/100 g body weight
Blood pressure mm Hg
Resistance (body) 103 dyne sec cm- 5100 g body weight
Blood flow ml/min/100 g organ weight
Resistance (organ) 10s dyne sec cm-5/100 g organ weight
Fraction blood flow of the organ expressed in percentage of cardiac output
* Difference from the controls
No sign: not significant P > 0.05
: significant P < 0.05
highly significant P < 0.01
very highly significant P < 0.001
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From these data it follows that, provided there was no difference in the
weight of organs, in our experiments with pentobarbital the values for blood
flow of organs were slightly higher and those for vascular resistance slightly
lower.

Under urethane anaesthesia the mean values of organ blood flow (except
for those for the heart and for the skeletal muscle and bone) were somewhat,
though not significantly, lower than the values found in the pentobarbital
group. Vascular resistance ofthe heart was definitely and significantly dimin-
ished. There was no marked change in the resistance of other organs. Deviations
in the visceral fractions of cardiac output were found at some sites: the cardiac
and carcass (skeletal muscle, bone, endocrine organs) fractions were higher and
the renal and intestinal fractions lower.

In the chloralose group there was no difference from the pentobarbital
group as regards blood flow of organs; the blood flow of the skin increased
significantly, by 38 per cent, and that of the carcass by 25 per cent. The mean
resistance was somewhat lower in every organ than in the pentobarbital group,
but the difference was not significant exclusively in the case of the heart and
the carcass. As to the organ fractions of cardiac output, that of the kidney
was lower and those of the skin and carcass were higher.

In the unanaesthesized group we determined the fractions of cardiac out-
put only. Those of the heart, kidney and liver diminished and that of the
carcass definitely increased.

Discussion

We have undertaken to determine which of the anaesthetics pentobarbi-
tal, urethane and chloralose would be best suited for circulation studies in the
rat, relying upon the results obtained by the “indicator-fractionation”, dye
dilution and blood pressure measurement methods. Just one dose (that most
often employed in the literature) of each anaesthetic was used. Of course, the
“most suitable” anaesthetic would be the one causing the least change in the
basal circulation of the “normal”, unanaesthesized animal. That the question
was justified is clearly shown by Table I where not less than 13 of the 48 data
for the urethane and chloralose groups differed significantly from the corre-
sponding values in the pentobarbital group.

The “normal” values on which a comparison could be based being un-
known, it is difficult to find an answer to the question. Fractions of cardiac
output were estimated also in non-anaesthesized animals, in order to determine
the “normal” values. For technical reasons the cardiac output could not be
measured in the unanaesthesized state and therefore the “normal” blood Maony
and resistance values for the organs are not complete. The values for the
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fractions of cardiac output in unanaesthesized animals, too, should be
evaluated with caution: the fact that the animals must have been excited by
the presence of the investigators, is not negligible from the point of view of
circulation.

According to our hypothesis, the cardiac fraction of cardiac output may
supply one of the data by which the “normal” state of circulation may be set
fast. On the basis of several observations [8, 6, 10] it may be surmised namely
that in response to a deterioration of circulation, to a decrease in cardiac out-
put (e. g. in shock, haemorrhage, dehydration) the cardiac fraction of cardiac
output increases so that the heart may keep itself operating. In conditions
associated with an increased cardiac output (e. g.arterial hypoxia), the in-
creased work of the heart is similarly accompanied by a higher cardiac
output fraction.

As other data, the renal fraction of cardiac output and renal blood flow
[see 6, 8—10] may be taken into consideration. It is namely known that the
diminution of cardiac output or the increase thereof (for example in stagnant
and arterial hypoxia and muscular work, etc.) is often accompanied by a
decrease ofrenal blood flow and of the renal fraction of cardiac output.

Ofcourse, unusually high or low cardiac output and blood pressure values
also indicate that the anaesthetic is unsuitable for use.

Evaluating our experiments according to the above points, it will be
seen that the anaesthetics used did not produce major changes in cardiac
output or blood pressure. Except for the small drop of blood pressure in the
urethane group, the values did not differ substantially.

In the pentobarbital and chloralose groups the cardiac fraction of cardiac
output showed closely similar values, identical with those reported by Sapir-
STEIN etal. [1, 2, 6, 7]. Urethane increased the cardiac fraction of cardiac out-
put. It was most remarkable that the cardiac fraction of the unanaesthesized
animals was much lower than that of the animals anaesthesized with any of
the drugs used. According to Sapirstein [11], adrenaline increases the cardiac
fraction, thus a sympathicotonia presumably caused by agitation or excitation
cannot be held responsible for it. We feel tempted to suggest that the “normal”
cardiac fraction is lower than what we measure under the influence of pento-
barbital, urethane or chloralose. And if all three drugs cause changes, those
will be the ones of choice which produce the smallest changes (pentobarbital,
chloralose).

Renal blood flow was similar in the pentobarbital and chloralose groups
and slightly (but not significantly) lower in the urethane group. As compared
with pentobarbital, urethane and chloralose significantly reduced the renal
fraction of cardiac output. The renal fraction was likewise low in the unanaes-
thesized group, apparently as aresult of the sympathicotonia, adrenalinaemia
[11] due to excitation.

6 Acta Physiologica XV111/4.
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The comparative analysis of the data for cardiac output, blood pressure,
cardiac and renal fraction of cardiac output, and renal blood flow suggests
pentobarbital to be the most suitable for use in circulation experiments in rats.
Chloralose and urethane seem to be less suitable for such purposes.

The use of urethane seems to be not suitable, due to its hypotensive
effect, and its deteriorative effect on renal blood flow. Chloralose has the
disadvantage of lowering the renal fraction and of apparently increasing the
blood flow in the skin, and carcass. At the same time, another point in
favour of pentobarbital is its widespread use in experiments of other kinds.
Ether anaesthesia seems to be disadvantageous because of its increasing the
cardiac output and greatly lowering the renal fraction [7].

The carcass fraction of cardiac output was significantly lower in the ani-
mals treated with pentobarbital than in those anaesthesized with urethane or
chloralose and in the non-anaesthesized group. The high fraction of the un-
anaesthesized animals may have been due to muscle activity. In the absence
of reliable “normal” values we could not decide whether the carcass fraction
was decreased by pentobarbital or increase by urethane and chloralose. Even
if pentobarbital had such an action, it still remains the anaesthetic of choice in
view of the advantages mentioned above.
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Removal of the thoracic spinal cord (Th I—XI1l.) in anaesthesized dogs did not
affect vascular tone in the pulmonary circulation.

Infusion of the large doses of nor-epinephrine increased cardiac output in the
intact animal; no significant vasoconstriction was observed in the systemic and pulmo-
nary circulations.

After removal of the thoracic spinal cord, infusion of the same doses of nor-
epinephrine induced peripheral vasoconstriction. There was no significant elevation in
pulmonary arteriolar resistance.

Single injections of epinephrine resp. nor-epinephrine increased pulmonary pres-
sure. Removal of the thoracic part of the spinal cord increased the sensitivity of the
peripheral vessels only to epinephrine.

Humoral and neural regulation of the pulmonary circulation is not yet
clearly understood. Regarding the effect of sympathomimetic drugs there is
general agreement that both epinephrine and nor-epinephrine increase pulmo-
nary arterial pressure. In part of the experiments however, left auricular resp.
pulmonary capillary pressure has not been recorded, therefore the causes
of the rise of pulmonary pressure cannot be deduced from these studies
[1-5].

Since several authors found left auricular resp. pulmonary capillary
pressure to increase after the administration of epinephrine or nor-epinephrine,
the augmentation of pulmonary pressure should be considered a passive effect
[6—8]. According to Gilbert [9], epinephrine resp. nor-epinephrine, by in-
ducing spasm of the pulmonary venules, causes pulmonary hypertension.
Bartorelli [10], too, found an increase in pulmonary capillary pressure during
the infusion of nor-epinephrine. He emphasized, however, that the increase of
pulmonary artéria® pressure precedes the increase of pulmonary capillary
pressure, hence — at least in the beginning — pulmonary hypertension is
brought about most probably by pulmonary arteriolar spasm. Most of the
authors, in fact, observed pulmonary arteriolar vasospasm after the adminis-
tration of epinephrine or nor-epinephrine [11—15].

The evaluation of the results is made especially difficult by the fact that
epinephrine as well as nor-epinephrine definitely affect systemic circulation
and the heart. Some authors endeavoured to overcome these difficulties by

6%
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means of an isolated lung or by artificial circulation [2, 8, 9, 12, 13]. There is no
agreement regarding the differences between the effect of epinephrine and
nor-cpinephrine [16, 17].

Recently Nahas [18] found a 45 per cent increase of the pulmonary
pressure gradient in dogs after administration of 1 jtg/kg nor-epinephrine, and
increased nor-epinephrine sensitivity of the lesser circulation after severing
the spinal cord at Th I. In this state after the administration of nor-epinephrine
a 156 per cent increase of the pressure gradient was observed. The elevation of
pressure after intravenous administration indicates that with the nervous
control intact the vasoactive agents exert their effect through the vasomotor
centre (the effect develops simultaneously in the systemic circulation); after
dissection of the spinal cord, however, a direct effect must be assumed (with
pulmonary hypertension preceding the increase in systemic pressure). These
results point to the vasoconstrictor effect of epinephrine and nor-epinephrine
in pulmonary circulation; this effect is definitely increased by severing the
sympathetic connections. Nevertheless, blood flow (cardiac output) has not
been determined in these studies and although nor-epinephrine does not gener-
ally increase cardiac output (see below), the observed pulmonary hyper-
tension has been partly attributed to increased cardiac output.

Accordingly, we studied the reaction of the pulmonary and systemic
circulation to a single dose of epinephrine and nor-epinephrine, and to an in-
fusion of nor-epinephrine. Later these experiments were repeated after removal
of the thoracic segment of the spinal cord. Cardiac output was also recorded,
for evaluating vasoconstrictor or vasodilatator effects.

Methods

12 dogs of both sexes, weighing 9—18 kg each were used under chloralose anaesthesia
(0.10 g/kg). Systemic blood pressure was registered from the carotid artery, pulmonary pressure
by cardiac catheterisation (pulmonary art. pressure, pulmonary capillary pressure) with a four
channel membrane manometer (type Vorsatz and Kallay). Cardiac output was recorded by
the direct Fick method, oxygen consumption by Krogh’s apparatus modified for dogs. The
apparatus was connected to atrachea cannula introduced at the height of the thyroid cartilage.
Arteriovenous 0 2difference was estimated by an oxymeter (type Atlas). Epinephrine (Tonogen,
Richter) and nor-epinephrine (Hoechst) were used at a concentration of 10 fig/ml in physiolo-
gical saline solution. Injections resp. infusions were performed through a cannula inserted into
the femoral vein.

The spinal cavity was opened by means of laminectomy at the | and X dorsal vertebrae
and the spinal cord was divided and removed, corresponding to the | —XII thoracic segment.

The experiment was performed as follows. After a control recording of cardiac output
and blood pressure, infusion of nor-epinephrine was started and after stabilization of systemic
blood pressure cardiac output and blood pressure were again determined. After cessation of the
infusion and stabilization of the blood pressure a single injection of epinephrine resp. nor-
epinephrine was given. The procedure was repeated after removal of the spinal cord, and in
several cases a third time, after cutting the vagus nerve bilaterally.

The results were evaluated by Student’s “t” test.
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Results

(i) The effect ofthe extirpation of the thoracic spinal cord (Th I —X11) on
systemic and pulmonary circulation (Table I).

According to our observations, removal of a major part of the spinal cord
is followed by a significant decrease of cardiac output and systemic blood
pressure. Total peripheral resistance also decreases (the decrease is nearly
significant), pointing to the well-known role of the sympathetic nervous system
in the maintenance of peripheral vascular tone under physiological conditions.

The situation is quite different in the lesser circulation. Although there
occurred aslight decrease inthe mean pressure values after removal of the spinal
cord, the change was not significant. The change in pulmonary vascular re-
sistance was not significant either.

(if) The effect of nor-epinephrine infusion on systemic and pulmonary
circulation (Tables Il and I1l).

The results obtained after nor-epinephrine infusion are summarized in the
upper line of Table Ill. The mean rate of the nor-epinephrine infusion was
4.34 Jrg/kg/min. Systemic blood pressure was stabilized on the average 4.1
minutes after the infusion had been started, by which time approximately
20—30 ml fluid had been infused.

In contrast with data in the literature, a significant increase of cardiac
output was observed after nor-epinephrine infusion. Subsequently there oc-
curred a definite elevation of systemic blood pressure, but no significant
change in peripheral resistance

Similar results were obtained for the lesser circulation, in that there was
a significant increase in pulmonary arterial pressure, with the pulmonary
capillary pressure unchanged. Elevation of the pressure gradient of the lesser
circulation thus proved significant. The change ofpulmonary arterioral resist-
ance was nearly significant.

The bottom line of Table Il shows the results after extirpation of the
spinal cord and vagotomy. The mean rate of nor-epinephrine infusion was 3.91
(Mg/kg/min, stabilization of systemic blood pressure was usually reached in 4.5
minutes. The same quantity of physiological saline was administered as before
the operation.

After removal of the spinal cord the nor-epinephr;ne infusion did not
induce changes in cardiac output. Systemic blood pressure, as expected, in-
creased more definitely, than before operation. The increase of peripheral re-
sistance was significant.

Pulmonary arterial pressure increased significantly, definitely more than
before removal of the spinal cord. Pulmonary capillary pressure remained un-
changed, hence the increase of the pulmonary pressure gradient was also signif-
icant. The unchanged cardiac output and the augmented pulmonary gradient



Table |
The effect of the extirpation of the thoracic spinal cord (Th I—XI1) on systemic and pulmonary circulation
[e0] CAR TPR PA PC
Umin mm Hg dynseccm- 2 mm Hg mm Hg mm Hg
a a a b b a
Mean 1.57 0.94 144 64 8043 6203 16.9 13.7 9.5 7.1 8.4 7.0
Standard deviation 0.47 0.53 16 27 2890 2484 3.9 3.4 3.6 3.5 3.3 2.1
il 9 10 9 10 8 8
P <0.01 <0.001 <0.05 >0.05 ~0.5 >0.10
difference per cent -40 -55 +23 -19 -25 -17
b = before; a = after.

PVR
dyneseccm 5
b a

423 676
166 277

>0.05
+60

cee
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Table 11
The effect of nor-epinephrine infusion on systemic and pulmonary circulation

Nor- (o) CAR TPR PA PC CR PVR
No. kg epinephrine Umin mm Hg dyneseccm 5 mm Hg mm Hg mm Hg dyneseccm 6
w /kg/min c n c n c n c n c n c n c n
1. 1 1.8 2.17 120 4 420 17 10 7 258
4.5 0.76 1.05 50 85 5260 6 480 10 15 4 4 6 11 633 838
2. 9 4.4 1.94 1.82 165 220 6 800 9 670 14 25 9 13 5 12 206 527
0.70 0.73 40 110 4570 12 080 19 19 13 10 6 9 686 986
3. 105 5.2 0.83 1.49 135 210 13 012 11 280 22 16 6 578
4. 11 5.9 0.91 0.75 145 230 12 700 24 530 12 16 9 9 3 7 243 742
11.0 0.78 30 105 10 770 10 14 10 4 410
8.6 0.96 35 100 8 340 10 14 1n 3 250
5 13 2.7 1.20 1.23 160 170 10 340 10 820 13 15 9 7 4 8 266 520
3.8 0.48 0.76 25 75 4 150 7 890 12 14 7 7 5 7 835 738
5.0 0.87 90 8 280 13 7 6 550
6. 135 2.6 1.98 2.37 140 5700 18 18 8§ 14 10 4 400 135
7. 14 21 1.02 191 160 180 12 480 7 510 14 16 10 8 4 8 315 335
2.5 0.74 100 11 050 14
8. 14 2.5 1.20 1.50 160 200 10 600 10 600 19 2 9 10 10 11 660 585
21 1.00 1.02 75 150 6000 11 800
2.5 1.24 0.97 55 130 3550 10 700 1 23 6 10 5 13 320 1070
2.5 1.22 1.76 50 145 3270 6 600 16 26 9 9 7 17 462 770
9. 115 5.2 2,05 2,87 130 175 5 050 5450 20 31 6 8 14 23 545 720
4.8 0.92 1.08 65 135 5650 10 800 16 27 5 5 1 22 1080 1620
2.6 1.22 1.50 30 135 1970 7 200
5.2 0.85 0.67 35 95 3300 11 400
10. 12 8.3 1.53 1.85 130 160 6 800 6 900 17 24 7 7 10 17 522 735
3.2 0.92 0.82 70 145 6 100 14 100 13 16 4 7 9 9 782 877
11. 13 3.4 1.15 165 205 14 200 27 28 1 12 16 16 1100
2.3 1.28 100 175 11 200 17 23 13 12 4 11 685
4.7 0.77 0.70 50 90 5200 10 300 16 20 1 12 5 8 520 915
12. 13 4.7 1.06 1.18 135 210 10 200 14 200 25 24 18 14 7 10 530 680
3.0 0.74 0.69 45 135 4850 15700 20 18 9 1 1 7 1190 810

¢ = control; n = nor-epinephrine infusion. w

NOILVINJYIO NO INIYHAINIdI-HON ANV INI4Hd3ANIdI 40 103443 3HL



Before
severing

spinal

After
severing
spinal

mean
standard deviation
n

p
diff. per cent

mean
standard deviation
n

p
difference, per cent

(0]
Umin
c nor
1.37 1.70
0.47 061
10
<0.05
+24

093 0.97
0.24 0.34
12
>0.2
+4

¢ —control; nor = nor-epinephrine infusion.

Table 111

Statistical analysis of Table |1

CAR
mm Hg
c nor
148 196
15 23
10
<0 001

+32

55 125
24 29
18
<0.001

+127

TPR
dyneseccm 5
c nor

9770 11 200
2720 5.650
9
>0.3

+ 15

4520 10 420
1220 2.910
12
<0.001

+ 131

PA
mm Hg
c nor
179 2138
4.9 5.5
10
<0.02
+22

144 196
3.4 4.7
15
<0.001

+ 35

PC
mm Hg
c nor
9.6 10.2
3.3 2.8
10
>0.5

+6

8.3 8.8
3.3 2.7
13
>0.3

+6

GR
mm Hg
c nor

83 116
4.4 2.8
10

<0.05
+40

6.8 117
2.2 4.2
13
<0.01

+72

PVR
dyneseccm 5
[ nor

410 556
161 236
10

>0.05
+36

723 958
283 269
9
<0.05
+33

vee
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Table IV

Single injections of epinephrine, single injections of nor-epinephrine

op

CAR PA CAR PA CAR CAR PA PA Dose

kg mm Hg mm Hg mm Hg mm Hg mm Hg mm Hg mm Hg mm Hg “
b a b a b a b a b a b a b a b a 9
11 45 75 16 11 100
45 95 14 23 100
10.5 135 222 22 24 65 205 18 28 105 215 22 24 60 160 24 27 100
11 145 185 12 16 30 120 10 12 145 230 11 17 35 95 12 15 100
35 85 10 11 40 120 14 14 100
40 75 13 14 100
13 160 205 13 14 25 85 12 12 160 190 14 16 25 90 13 14 100
25 75 12 13 30 110 13 14 100
13.5 135 265 19 20 100 225 19 18 145 265 18 24 100 230 23 23 100
14 160 185 14 15 50 105 155 190 15 20 45 90 14 14 100
55 100 14 17 40 115 11 12 100
45 85 11 13 100
14 160 220 19 22 55 120 11 22 120 190 16 20 70 145 19 27 100
55 140 15 25 60 185 17 28 100
35 145 16 25 80 145 20 26 100
11.5 130 195 9 30 65 150 8 20 125 220 12 37 70 180 7 20 100
30 85 9 16 50 125 9 10 100
35 95 8 12 45 105 9 12 100
12 130 195 17 26 70 120 13 19 130 180 14 26 60 140 11 17 50
50 125 11 14 45 150 10 13 50
13 155 200 27 28 85 160 16 21 160 235 21 26 90 180 16 20 50
25 75 16 18 30 85 16 18 50
13 135 190 19 24 70 130 15 19 140 195 19 26 75 145 15 19 50
40 125 16 20 60 125 15 19 50

b = before; a = after.

NOILVINDYIDO NO INIYHJINIdAI-HON ANV INIYHdINIAI 40 103443 FHL
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indicated an increase in arteriolar resistance in the lesser circulation. This in-
crease was not significant; percentually it corresponded to the values obtained
before the operation. Accordingly, the sensitivity to nor-epinephrine of the
arterioles of the lesser circulation was not augmented by the removal of the
thoracic spinal cord.

(iii) The effect of a single in/ection of epinephrine resp. nor-epinephrine on
pulmonary circulation. Tables IV andV show the effect of a single injection of

Table V

Mean pressure differences after single injections of

Epinephrine Nor-epinephrine
CAR PA CAR PA
b a b a b a b a
1
Mean 61.5 7.7 5.0 43 725 82.5 7.4 3.1
standard deviation 31.0 31.0 6.2 3.9 305 21.0 6.8 25
n 10 10 10 10
p <0.02 >0.7 >0.1 > 0.05

b = before; a = after.

50 and 100 jMy of epinephrine resp. nor-epinephrine (6.6 /ig/kg on the average).
The tables demonstrate that extirpation of the spinal cord increased the epi-
nephrine sensitivity of the systemic circulation, whereas the lesser circulation
was unaffected. The sensitivity to nor-epinephrine was unchanged after re-
moval of the spinal cord both in the systemic and the lesser circulation.

Discussion

Ad (i). Nahas [19, 20] demonstrated an average decrease of 5.3 mm Hg in
pulmonary arterial pressure after extirpation of the sympathetic nervous
system from Th I to Th VIII. It is not said whether or not the changes were
significant. We observed a mean decrease of 3.3 mm Hg in pulmonary arterial
pressure after removal of the spinal cord from Th I to Th X1I. The pressure
gradient in the lesser circulation suffered a mean decrease of 1.4 mm Hg.
Neither of these changes were statistically significant nor was there a signifi-
cant increase in arteriolar resistance in the lesser circulation.

These observations, however, do not yet deny the role of the sympathetic
nervous system in the physiological regulation of pulmonary circulation, as
demonstrated by the experiments of Dary el al. [15]. The extirpation of a large
part of the spinal cord namely interrupts part of the sympathetic innervation
of the systemic vessels and there are numerous interactions between peri-
pheral circulation and pulmonary circulation.
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Ad (0).In the case of intact innervation the large doses of nor-epinephrine
used by us did not elevate arteriolar resistance in the pulmonary circulation.
The increase of the pulmonary pressure gradient must have been due to an
increase of cardiac output. According to several authors, nor-epinephrine does
not change, or even decreases, cardiac output [1, 21—24]. The doses adminis-
tered by these authors were, however, definitely smaller, than ours. They in-
fused 0.06 to 1.0 //g/kg/'min while our usual rate was 4.0 /tg/kg./min, since we
aimed at inducing a significant increase in systemic pressure, one amounting
to 50 mm Hg. This might have been the cause of the divergence. From this it
follows that this part of our experiments supplied no information concerning
the vascular effect of nor-epinephrine which would have been produced with no
change in the flow.

After extirpation of the spinal cord, infusion of the same large dose of
nor-epinephrine failed to elevate cardiac output. This was due most probably
to the decreased venous tone.

Thus, after removal of the spinal eord a “pure” vascular effect was
exerted by nor-epinephrine in the lesser circulation. The response of the
vessels was presumably modified by nor-epinephrine accumulated in
the heart muscle or in the vessels’ wall. The increase of arteriolar
resistance in the lesser circulation was not significant, although the percentual
increase of the pressure gradient of pulmonary circulation amounted to more
than before extirpation of the spinal cord.

After termination of our experiments has been published the study of
Duke and Stedeford [25] demonstrating a decrease in the cat’s pulmonary
vascular resistance after removal of the stellate ganglion and the upper sym-
pathetic chain. Infusion of epinephrine (appr. 1.0 /ig/kg/min) did not increase
the pulmonary resistance only after sympathectomy. With nor-epinephrine,
only a few experiments were made, and no definite conclusions were drawn
from them.

As in our experiments the infusion of nor-epinephrine increased eardiac
output before removal of the spinal cord while following removal of the cord
the increase failed to appear, the changes in pulmonary resistance before and
after the operation cannot be compared. To clarify the problem, we are study-
ing the effect of the usual small doses of nor-epinephrine.

Ad (iii). Pulmonary capillary pressure was not recorded after single in-
jections of epinephrine resp. nor-epinephrine. As the infusion of nor-epineph-
rine did not alter pulmonary capillary pressure neither before nor after extir-
pation of the spinal cord, the recorded changes of pulmonary pressure were
reliably representing the shifts of the pulmonary pressure gradient. Our find-
ings indicated that extirpation of the spinal cord increased the sensitivity of
the vessels of the systemic circulation only, and only to epinephrine. The sen-
sitivity of the vessels of the lesser circulation increased neither to epinephrine.
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nor to nor-epinephrine. It may therefore be assumed that the actual state ofthe
sympathetic nervous system does not affect the reaction of the pulmonary
vessels to epinephrine and nor-epinephrine.

Epinephrine and nor-epinephrine were administered in large doses in
these studies, to produce definite effectsin the systemic circulation and to study
them in connection with the changes in the lesser circulation. Pulmonary
changes did not always follow the changes of the systemic circulation. This
means that the regulation of the lesser circulation differs from that of systemic
circulation, in agreement with our earlier findings concerning the effect of
isolated cerebral hypoxia on the lesser circulation [26, 27], and the effect of
different types of shock (haemorrhage, injury, dehydration) on systemic and
pulmonary circulation [28].
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A cannula with an inflatable balloon on it was introduced into the coronary
sinus. Blood outflow from the sinus through the cannula was not interfered with even
when the balloon was inflated.

Stretching the wall of the sinus by the balloon caused blood pressure to fall. The
depressor response was abolished by vagotomy. The duration of the hypotensive re-
sponse was very long, blood pressure remaining low as long as the balloon was inflated,
in contrast with the carotid sinus reflex, in which blood pressure returns soon to its
initial level in spite of the continued pressure exerted on the sinus wall. From this it
follows that the reflex plays a role not in the maintenance of a given level of blood
pressure, but in a lasting adjustment of blood pressure to a new level.

The adjustment of blood pressure to a new level is realized through a shift in
the pressor-depressor balance in the depressor direction. During coronary sinus reflex
hypotension, the carotid sinus hypertensive reflex cannot be elicited, whereas the carotid
sinus hypotensive reflex can.

The reflex exerts a generalized effect and modifies circulatory equilibrium as a
whole owing to the fact that its afferent fibers form connections in the reticular
formation whence inhibition spreads diffusely to the centers taking part in the regula-
tion of blood pressure.

Fundamental knowledge concerning the reflex regulation of blood
pressure is based primarily on studies of the stretch receptors in the carotid
sinus. Stimulation of these receptors may be carried out directly without creat-
ing changes in the systemic circulation. The possibility of “direct” stimulation
made it possible to obtain detailed information on the function of these recep-
tors. Stimulation of the other stretch receptor zones (for instance that of the
auricular receptors) is usually carried out by producing changes in the systemic
circulation. Thus, when describing the responses elicitable from various areas
we cannot go further than to state that the response is a depressor or pressor
one. Owing to the methodical difficulties involved in gaining access to these
areas, it has been impossible to tell in what further respect these reflexes differ
from the carotid sinus reflex. Thus, the question is: if two reflexes act alike in
that they are both pressor or depressor in nature, would this determine their
place in the regulation of blood pressure, or are there further qualitative dif-
ferences that may justify us to speak about different types of reflexes even
within the pressor and depressor categories?

In the investigations described below we have studied the coronary sinus,
areceptor area not known before. Since it is possible to stimulate the receptors
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in this area without producing changes in systemic circulation, the nature of
the reflex response originating here could be readily compared with those elicited
from other zones, notably the carotid sinus. Moreover, we could study the
interaction between the responses elicited from the two receptor zones without
the stimulus employed having by itself any direct effect on the other
receptor zone.

Methods

Thirty-five dogs of either sex were used. The experiments were carried out under chlora-
lose, morphine-chloralose, or chloralose-urethane narcosis. The dose of the anesthetic was indi-
vidualized, the elicitability of the response depending not on the dose of the anesthetic, but on
the depth of narcosis (0.05 g/kg to 0.1 g/kg of chloralose). Anesthetics were injected very
slowly into the saphenous vein until the animal was narcotized, but the corneal reflex was
still present. It was found that general anesthesia must be induced with the utmost preci-
sion, because in deeper narcosis, when the corneal reflex was diminished or absent, the
reflex response could not be elicited.

The chest was opened by making incisions in the fourth costal interspace on both sides
and transecting the sternum. Artificial respiration was started and a small incision was then
made in the pericardium. A Morawitz cannula was inserted into the coronary sinus through the
right auricular appendage. On the tip of the cannula there was an inflatable balloon, by means
of which the tension of the sinus wall could be altered. Blood from the sinus was returned to
the femoral vein through a polyethylene tube. Thus, sinus blood outflow was ensured even when
the balloon on the cannula was inflated.

The carotid sinus hypertensive reflex (C.S.H.R.) was elicited by clamping one or both
common carotids. The carotid sinus depressor reflex (C.S.D.R.) was elicited in some cases
by pulling the carotid by means of a thread previously placed under one common carotid; the
thread passed over a pulley and had a weight on it, ensuring a constant tension on the artery.
In other cases a carotid sac was created in which pressure was altered by injecting different
volumes of physiologic salt solution. Carotid sinus pressure was recorded by means of a mer-
cury manometer on kymograph. Blood pressure was recorded in the usual way from the femoral
artery using a mercury manometer.

In a few experiments we have studied the effect of the coronary sinus reflex on the
corneal and patella reflexes. Sensitivity of the corneal reflex was registered by touching the
cornea at one point at equal time intervals and equal pressure. The measure of the elicitability
of the corneal reflex was determined by the number of touches required for eliciting one
contraction.

In studying the knee jerk the tendon of the unilateral rectus femoris muscle was pre-
pared and the contractions of the muscle were recorded on kymograph by the usual method.
In such cases we either recorded the spontaneous reflex activity of the animal under chloralose,.
or applied rhythmic stimulation with rectangular impulses to the central stump of the sciatic
nerve.

Atropine sulphate, and other drugs, or blood was injected into the saphenous vein.

The receptors of the coronary sinus were demonstrated histologically by the silver im-
pregnation method of Gros-Schultze [25].

Results

Stimulation of the coronary sinus receptors and the afferent pathway

Systemic blood pressure dropped in response to pressure exerted on the
wall of the sinus by inflating the balloon in the coronary sinus (Fig. 1A).
The depressor response was influenced by the depth of anesthesia and by the
initial blood pressure level. When anesthesia was so deep that the formerly
responsive corneal reflex became diminished or could not be elicited at all,.
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inflation of the balloon caused only a slight, or no fall of blood pressure.
Likewise, when the initial blood pressure was low, inflation of the balloon
hardly had any depressor effect.

The question arose whether the phenomenon observed was due to a
true reflex response or merely to hemodynamic changes.

The most convincing evidence indicating that this phenomenon is based
on a purely reflex mechanism is the fact that it could not be elicited after
vagotomy. Figure 1C shows that after vagotomy inflating the balloon produces

Fig. 1 A) Blood pressure response to inflation of the balloon in the coronary sinus
B) Inflation of the ballon during the carotid sinus hypertensive reflex causes a fall in blood
pressure similar to that shown under A)
C) Inflation of the balloon causes no fall in blood pressure after vagotomy. Time signal: 30 sec.
t balloon inflated j balloon deflated. J [ clamping of the bilateral common carotids

no depressor response indicating that the pathway of the reflex runs in the
vagus. Since atropinization does not block the reflex, it can be inferred that
the afferent fibers are involved in the depressor response and not the efferent
fibers.

Not only vagotomy, but also painting the environment of the sinus with
cocaine abolished the depressor response; this is additional evidence indicating
that the elicitability of the reflex is bound to the intactness of certain nervous
structures.
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Effect of coronary sinus receptors on respiration

As the experiments were carried out on dogs with an open chest, the
respiratory response could he studied only superficially. After inflating the
balloon in the sinus, the respiratory movements sometimes seen during artificial
respiration (chest movements, gasping) were not observed. From these we
conclude that the reflex also has an inhibitory action on the respiratory center.

Comparison of the coronary sinus and carotid stretch receptors

The coronary sinus reflex differs in many outstanding features from the
carotid sinus depressor reflex. The most obvious difference is in the duration
ofthe depressor response. In the case ofthe coronary sinus reflex, blood pressure
remains depressed as long as the balloon is inflated (Fig. 1A, Fig. 2). In the

Fig. 2. The balloon in the sinus is kept inflated for sixteen minutes during which blood pressure

remains at the new lower level. The arrow with the broken shaft indicates the intravenous ad-

ministration of 60 ml blood, which caused only a short depressor response; in about three
minutes blood pressure is back again at the resting level. Signs as in Figure 1

experiment shown in Figure 2 the balloon was inflated for 16 minutes and, as
can be seen, the blood pressure was maintained at a constant low level for the
period of increased sinus tension. In many experiments the balloon was kept
inflated for one to two hours during w'hich time the blood pressure remained
at the new lowered level. This may indicate that the receptors involved in this
reflex apparently adapt very slowly or not at all. To facilitate comparison,
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we present the response typical to stimulation of the carotid sinus receptors
(Fig. 3). As can be seen, the depressor response to the increase of pressure in the
carotid sinus sac is quite different in nature. The blood pressure returns to
the initial level in spite of continuous stretch of the walls. Thus, the decisive
difference between the two reflexes may be outlined as follows: While the
carotid sinus reflex preserves a given blood pressure equilibrium for a shorter

Fig. 3. Blood response characteristic of carotid sinus receptor function. In the left carotid sac
blood pressure rises from 70 mm Hg to 150 mm Hg. Although pressure in the sac remains high,
blood pressure gradually returns to the control level

or longer period, the long duration of the depressor response to the coronary sinus
reflex suggests that here we are dealing not with the preservation of any given
equilibrium, but with the adjustment and maintenance of a new blood pressure
level.

Effect of the coronary sinus reflex on the elicitability of the C.S.H.R.

Adjustment of the blood pressure to a lower level means of course that
the reflexes controlling equilibrium are influenced. We may say that the reflex
responsible for adjusting the level influences the other reflexes involved in
the maintenance of that level. In the case of hypotensive stabilization of the7

7 Acta Physiologica XV111/4.
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blood pressure this means a suppression of hypertensive tendencies, as a
result of which blood pressure equilibrium shifts in the depressor direction.
As Figure 4 indicates, this is what actually happens, for the C.S.H.R. cannot
be elicited as long as the balloon in the coronary sinus is inflated. However,
when it is deflated, elicitability of C.S.H.R. returns gradually. Moreover,
even in cases where the initial blood pressure level is low and inflation of the
balloon in the coronary sinus will cause no fall in blood pressure, C.S.H.R.
cannot be elicited. This suggests that the inhibitory action of the coronary
sinus reflex on the pressor tendencies cannot be ascribed to the fall in blood

mmHg

loo4

Fig. 4. Effect of inflation of the balloon in the sinus in an animal with low blood pressure; after

bleeding the initial blood level is 60 mm Hg. Inflation of the balloon causes no fall of blood

pressure butit prevents the development of the carotid sinus hypertensive reflex. Afterdeflation
of the balloon the elicitability of C. S. H. R. returns gradually. Signs as in Figure 1

pressure, but to an inhibitory action on C.S.H.R. which occurs in the vaso-
motor center. As Figure IB shows, the depressor effect develops even when
C.S.H.R. has been elicited and, even under such conditions, is similar to the
hypotensive response shown in Figure 1A.

Effect of the coronary sinus reflex on other pressor tendencies

The coronary sinus reflex blocks not only the pressor response to clamp-
ing the common carotids, but also that due to other effects such as the intra-
venous administration of blood. As Figure 2 shows, as long as the balloon is
inflated the injection of as much as 60 ml of blood causes no lasting shift from
the new state of equilibrium; blood pressure soon returns to its stabilized new
level and rises to the initial level only after the balloon has been deflated.



A NEW TYPE OF VASOMOTOR REFLEX ELICITABLE FROM THE CORONARY SINUS 345

Effect of the coronary sinus reflex on the carotid sinus depressor reflex

It is obvious that a lasting stabilization of blood pressure at a new lower
level is possible only when the reflexes involved in the maintenance of equilib-
rium remain intact. What we deal with is merely a shift in the equilibrium of
the vasomotor center, where pressor effects are more or less suppressed, while
the sensitivity of depressor reflexes are maintained. It is shown in Figure 5

Fig. 5. Effect of stimulation of coronary sinus receptors on the depressor response to pulling
the carotid nerve. The right common carotid is pulled by a thread passing over a pulley, with a
weight at its end. The magnitude of the depressor response is the same, irrespective of the bal-
loon being inflated or not. | J pulling the right common carotid. Other signs as in Figure 1

that as long as the balloon in inflated the depressor response to stretching
the carotid is of the same magnitude as that resulting from stretching alone.
Moreover, as long as the balloon is inflated, the depressor response lasts longer
than in the case of stretching alone. Thus, stimulation of the coronary sinus
receptors seems to increase the duration of the depressor response to stretching
the carotid.

Effect of the coronary sinus reflex on the corneal reflex and knee jerk

The fact that the reflex can shift the balance of circulation as a whole
suggests that the afferent impulse may extend to many central sites. We have
therefore undertaken to study the influence ofthe reflex on two such anatomi-
cally distinct reflex centersas those of the corneal reflex and knee jerk. As it
can be seen in Figure 6, eliciting the coronary sinus reflex in the animal under
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chloralose the spontaneous reflex activity is extinguished and muscle tonus
decreases markedly. At the same time, the elicitability of the corneal reflex
is diminished. Figure 6B illustrates that an increased inflation of the balloon
results in a more marked depressor response and in a stronger inhibition of
reflex centers. Such an extensive spread of inhibition suggests that the afferent

Fig. 6. Effect of carotid nerve and coronary sinus receptor excitation on the corneal reflex and
knee jerk of the animal under chloralose. Above: blood pressure, center: spontaneous reflex
activity traced from the tendon of the rectus femoris muscle. Figures on the upper baseline
indicate elicitability of corneal reflex. Signs as in Figure 1 and Figure 5. Explanation in text

vagus fibers involved in the reflex have synapses in the reticular formation,
whence inhibition spreads all over the vasomotor center. From this it follows
ihat the coronary sinus reflex differs in many features from the C.S.D.R;
namely, that the fibers of the twro carotid nerves are connected directly and
only unilaterally to the right or left cell groups of the vasomotor center.
Correspondingly, as it is seen in Figure 7, the depressor response to the stimula-
tion of the unilateral carotid nerve cannot block the pressor response to
clamping the contralateral common carotid. Thus, the C.S.H.R. can be
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elicited even in the presence of the depressor response to stretching the contra-
lateral carotid. However, as illustrated in Figure 4, stimulation of the coronary
sinus receptors can inhibit, even without a fall in blood pressure, the hyper-
tensive response to clamping the bilateral common carotids. As Figure 6A
shows, while stimulation of the receptors of the coronary sinus strongly inhibits
both the corneal and patella reflexes, stimulation of the carotid nerve has no
influence whatever on the two reflexes even though there was a comparable

Fig. 7. Effect of pulling the right common carotid on the hypertensive response to clamping
the left carotid. Blood pressure rises even during pulling. Signs as in Figure 1 and Figure 5

fall of blood pressure. This indicates that the fibers of the latter nerve are not
so intimately connected with the reticular formation as are the afferents of
the coronary sinus reflex, in accordance with the fact that the fibers of the
carotid nerve are connected directly to the unilateral or contralateral cell
groups in the vasomotor center.

Histological demonstration of the receptors

Detailed histological studies of the nerve elements in the coronary
sinus are in progress. Here we wish to deal with them briefly. In the plane
and cross sections of the coronary sinus many nerve elements are demonstrable
by the silver impregnation method. Among many nerve elements, major nerve
trunks are also visible near the coronary sinus In the sinus proper the nerve
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elements occur mainly in the adventitia in the form of nerve trunks and fine
fibers. Single fibers may be followed through their ramifications until they
end as receptors, showing brush-like branching. In the photomicrograph
presented in Figure 8 shows the brush-like receptor ramifications of a fine
nerve fiber.

Fig. 8. Arrow pointing at brush-like receptor ramifications in the adventitia of the coronary
sinus. Gros-Schultze silver impregnation

Discussion

The nervous factors taking part in the maintenance of a given level of
blood pressure are well-known from the investigations of Cyon [1], Hering [2,
3], Heymans [4] and others. A typical example of these so-called buffer
reflexes is the carotid sinus reflex, the receptors of which are stimulated when
blood pressure rises; as a result of their excitation, blood pressure returns to
its original level. In other words, these reflexes are active only in the main-
tenance of a given level of blood pressure in restoring a shift from an equilibrium,
but play little if any role in creating a new state of equilibrium in a permanent
adjustment of the blood pressure to a new level. It is known that the hyper-
tension following the transection of both carotid or depressor nerves is not
always permanent [5] and means only that a normal factor hindering the
increase of the sympathetic tone is absent; when sympathetic tone decreases,
blood pressure returns to normal [6]. However, we have no knowledge about
the existence of such receptor zones, the role of which would be distinct from
that of these buffer reflexes in that they wbuld not maintain a given blood
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pressure, but would adjust the blood pressure to a new state of equilibrium
at a new level. In addition to the carotid sinus receptor zone there are many
other stretch receptor zones throughout the body. The function and physio-
logical role of these are little known, partly because they are difficult to gain
access to, and partly because their stimulation can be effected only by general
hemodynamic changes which results in the simultaneous stimulation of other
receptor zones. All that we know about them is that their stimulation results
in a rise or fall of systemic blood pressure. We cannot say whether they play
a role in the maintenance of the blood pressure equilibrium or in bringing
about a shift in that equilibrium.

This applies first of all to the receptor zones in the systemic arterial
areas. Vasomotor reflexes can be elicited in practically any systemic arterial
area, for example, in the area of the thoracic aorta [7], in various abdominal
vessels [8, 9, 10, 11], hepatic artery [12], in the extremities [13, 14, 15],
and even in the carotid proper [16]. In most cases we do not know the site of
the receptor, and information on the importance of these reflexes in the
regulation of the blood pressure effects is by far not so complete as is for the
carotid sinus receptor zones; they seem to serve local reactions and are there-
fore not capable of altering the level of systemic blood pressure.

Such studies on the receptors in the auricle and in the great veins [17, 18]
are apriori impossible, because they can be stimulated exclusively by causing
extreme changes in systemic circulation. More recently, the site of the receptors
in those areas have been carefully analyzed [19]. We face even greater diffi-
culties in the case of ventricular receptors, the existence and presence of which
have only recently been ascertained [20, 21].

Pressor receptor zones in the pulmonary arteries have been described
by many workes [22, 23]; the function of these seems to be identical with
that ofthe carotid sinus reflex. No such reflex has thus far been described which
would function to adjust blood pressure to a new level. Theoretically, such a
reflex might be demonstrated on grounds of the following criteria: (1) Adjust-
ment of blood pressure to a new level must be elicited from the receptors of
the reflex and not by a stimulation of afferent fibers, (2) stimulation of the
receptor zone must by itself not produce, or be associated with, changes in
systemic hemodynamics, (3) the reflex should be elicitable simultaneously
with the carotid sinus reflex sothat the differences existing between the level-
adjusting and the level-maintaining reflexes may become manifest with in one
experiment, and (4) as the adjustment to a level means a change in the balance
between the reflexes involved in the equilibrium, that is, a change in the sensit-
ivity to them, it is desirable to investigate how the two kinds of reflexes act
on each other. All these criteria are given in the case of stimulating the coronary
sinus receptors. As the experiments prove, stimulation of these receptors
without altering the outflow of blood from the sinus by means of an inflatable
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balloon on a cannula will cause a reflex decline in blood pressure which is
absent after vagotomy.

The coronary sinus reflex is similar to the carotid sinus reflex in that
stimulation of either one results in a fall of blood pressure. There is, however,
a substantial difference in the duration of the reaction. In the case of the
carotid sinus reflex, blood pressure soon returns to its initial level although
stretching of the sinus is maintained, whereas in the case of the coronary sinus
reflex the depressor response lasts as long as stretching is maintained. In
many experiments the balloon was kept inflated several hours and the new
hypotensive level was maintained throughout that period. This circumstance
by itself indicates that in the case of the coronary sinus reflex we deal not with
a buffer system involved in the maintenance of blood pressure homeostasis
at a given level, but with a reflex that provides for blood pressure homeostasis
at a new level. It would not be appropriate to consider this reflex as a depressor
one, because this term is reserved for the buffer systems acting against eleva-
tions of blood pressure. The term coronary sinus stabilizator reflex (C.S.S.R.)
seems to be more appropriate, because it infers that the reflex plays a role in
changing the level of blood pressure and in stabilizing equilibrium at that new
level. Adjustment to and stabilization of the new hypotensive level of blood
pressure, of course, means an adjustment to a new level of equilibrium, a shift
of the pressor—depressor balance in the depressor direction. This is manifested
in an inhibition of pressor tendencies, while depressor tendencies remain
unaltered. In fact, even if eliciting the C.S.S.R. is not followed by a drop
of blood pressure, the C.S.H.R. cannot be elicited, while the C.S.D.R. can.

The ability of the reflex to cause lasting changes in blood pressure equi-
librium cannot be based on the presence of special non-adapting or slowly
adapting receptors alone. To achieve a lasting shift in balance to block the
action of buffer reflexes striving to eliminate the newly adjusted hypotensive
level require special central nervous connections that make control of these
reflexes possible. Our experiments have demonstrated the diffuse connections
existing between these reflex pathways and the formation reticularis. Connec-
tion with the reticular formation is indicated by the fact that eliciting the
C.S.S.R. may block so distant reflex centers as those of the corneal reflex
and knee jerk. Of course, not only C.S.S.R. but also C.S.D.R. has connec-
tions with higher nervous centers, notably with the reticular formation [24,
25]. This is undersandable, because ultimately the vasomotor center is also
part of the reticular formation, although a specialized one. However, these
connections are not so extensive and diffuse as in the case of C.S.S.R. As
Figure 6 shows, the same fall in blood pressure elicited by the coronary sinus
receptors is associated with a strong inhibition of the knee jerk and corneal
reflexes, whereas in the case of C.S.D.R. there is no inhibition. By increasing
the intensity of stimulation, blockade of the above two reflex centers by the
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C.S.D.R. can be achieved. Thus, there is a quantitative difference between
the two reflexes. This difference may be explained by the fact that while
the fibers of the bilateral carotid nerve are directly connected to the right and
left side cells of the vasomotor center, from which they send relatively few
collaterals to higher nerve centers or to other parts of the reticular formation,
the afferents ofthe C.S.S.R. form connections directly in the reticularformation,
whence inhibitions spreads diffusely, flooding the vasomotor center as a whole.
If this were not so, the C.S.H.R. could not be blocked by the coronary sinus
reflex. The unilateral vasomotor center representation of the carotids is indi-
cated by the factthat the effect of clamping the unilateral carotid cannot be
blocked by stimulating the contralateral carotid nerve.

Thus, the criteria of hypotensive stabilization seem to be, on the one
hand, that the reflexes have special, slowly or non-adapting receptors and
on the other hand, that the afferents have special central nervous connections.
As a third criterion, it may be assumed that in the reactions of this type the
“C” afferents of specially slow conductivity take part. Douglas and Ritchie [26
27, 28] have found lasting blood pressure response to the stimulation with
high parameters of the vagus and depressor nerves. This fact alone is no proof
that these fibers are in fact stabilizator ones. Most of them are likely to be
ones of buffer nature and differ in their effect from that of “A” fibers in that
they carry out the buffering of slower, more lasting changes. Stimulation of the
receptors permits us to decide whether we deal with this, or with a true adjust-
ment of level. At any rate, these investigations call attention once again to
“C” fibers. Such a role of “C” fibers is suggested by the observations we have
made in lightly anesthetized, waking dogs. When we elicited C.S.S.R. in
such dogs, the animals which had been exhibiting increased reflex activity
and respiratory movements quieted down. The fact that a similar effect was
obtained after bilateral vagotomy and stimulating the unilateral central vagal
stump with parameters corresponding to the threshold of “C” fibers, also
may indicate that the C.S.S.R. is transmitted by “C” fibers. We think that
the “C” afferents are not necessarily stabilizator fibers, though it is likely
that the stabilizator fibers are “C” fibers. Their role in the regulation of blood
pressure is determined by the receptors belonging to them and by their central
nervous connections. It is probable that various intermediate forms exist
between the buffer nerves eliminating lasting effects and the true level-
adjusting stabilizator systems. The latter, however, can be distinguished
from the buffer nerves of slower action, inasmuch as their role is to adjust
blood pressure to a new level, just by controlling the function of the former
nerves involved in the maintenance of equilibrium. If a buffer nerve has
an ever so long-lasting action, this action will be restricted to a maintenance
of an equilibrium determined for it by the primary, level-adjustingreflexes.
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Tremorine has been shown to cause unusually rapid habituation in the mouse.
Tolerance comprises all of the three main central effects of the drug, viz., tremor-
producing action, analgesic effect and anaesthesia-prolonging action. Sensitivity to
tremorine returns after discontinuing of drug administration for 1 to 2 weeks. The
property of tremorine to be a drug of tolerance has to be kept in mind, when used in
routine pharmacological screening.

Tremorine (l,4-dipyrrolidino-2-butyne) is a drug characterized by the
ability to produce in laboratory animals sustained tremor strikingly resembling
human parkinsonism [1, 2]. The tremorine test has been introduced into the
routine screening methods of pharmacology by Everett et al. [1, 2], and is
now increasingly used in the search for new anti-parkinsonism substances,
since the tremor induced by this drug is selectively antagonized by agents
effective in the treatment of human parkinsonism [1, 3, 4, 5, 6, 7, 8]. Apart
from the tremor-producing action, tremorine exhibits marked analgesic and
anaesthesia-prolonging effects [7]. The analgesic action has also proved useful
in testing of anti-parkinsonian drugs [8].

In our mouse experiments [9], the analgesic activity of tremorine
exceeded that of morphine, while its anaesthesia-prolonging effect was about
equal in strength with that of chlorpromazine. These effects, too, were com-
pletely counteracted by antiparkinsonian drugs, a fact indicating that not only
the tremor-producing action, but also the antagonism against the analgesic
or anaesthesia-prolonging effects can be used for testing new' anti-parkinsonian
substances [9], a possibility expressed also by Chen [8].

In the course of the above experiments, the observation has been made
that the effects of tremorine are gradually diminishing after repeated treat-

ment with the drug. The present paper deals with a more detailed analysis
of this finding.

Methods

W hite mice weighing 17—20 g each were used. Two sets of experiment were carried out
as to the addictive properties of tremorine. First, the tolerance to the analgesic action was
investigated. For this purpose, 40 mice were treated with 6 mg/kg tremorine subcutaneously at
alternative days. This dose produces nearly complete analgesia, without causing visible tremor
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or any marked prolongation of anaesthesia. The animals were treated for 16 days and the
analgesic action was continuously measured.

In other experiments, 50 mice were treated with 18 mg/kg tremorine administered
intraperitoneally or subcutaneously. Tremorine at this dose level elicits marked tremor,
complete analgesia and very marked prolongation of ether anaesthesia. Treatments were per-
formed at two-days intervals for 10 days. Administration of the drug was then discontinued
and the return of sensitivity checked after a period of 1to 2 weeks.

The tremor of the animals was judged by gross observation, considering a mouse
“positive”, when showing definite tremor also at rest. In some cases, quantitative evaluation
of the tremor was carried out by the apparatus described by Ahmed and Taylor [6].

The ether anaesthesia-prolonging effect was estimated in the manner previously de-
scribed [14].

The analgesic action was determined in two ways: (i) by making use of the hot plate
method described by Wolfe and McDonald [10], as modified by Herr and Porszasz [11];
(ii) by employing the procedure of Haffner [13], with the modifications given by Bianchi
and Franceschini [12].

Results

Tolerance to the analgesic action of low doses (6 mg/kg subcutaneously)
of tremorine is demonstrated in Fig. 1. As seen, tremorine at this dose level

Fig. 1. Decrease of the analgesic activity of tremorine after repeated administration of 6 mg/kg
intraperitoneally. f 6 mg/kg tremorine

causes analgesia above 75 per cent, when given on the first occasion. There-
after, the analgesic activity gradually decreases, completely to disappear
after 16 days, in other words after 8 doses administered at two-days intervals.
Fig. 1 shows the results obtained by the hot plate method: the results yielded
by Haffner’s method were in agreement with these.
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Fig. 2 shows the results of continuous treatment with 18 mg/kg tremorine.
As said above, this dose induced not only analgesia, but also a marked prolonga-
tion of anaesthesia, in addition to tremor, in all animals. This was, however,
true only for the first and, sometimes, for the second treatment. Thereafter,
sensitivity to tremorine rapidly decreased, and the fourth or fifth administra-
tion had no effect whatever. All of the three effects investigated were equally
involved in the addition. After administering tremorine on five occasions,
neither tremor, nor analgesia were induced, nor was anaesthesia prolonged.

Next, we investigated the duration of habituation. After the development
of complete tolerance, tremorine administration was discontinued. Part of

Fig. 2. Tolerance to tremorine after repeated administration of 18 mg/kg intraperitoneally.
I = 18 mg/kg tremorine. 1: analgesic activity, Haffner’s method; 2: analgesic activity,
hot plate method 3: tremor-producing action 4: prolongation of ether anaesthesia

the animals was then investigated after a rest of 8 days. As seen from Fig. 2,
sensitivity to tremorine then began to return: the drug was about half as
effective as in normal, untreated mice. The rest of the animals was reinvesti-
gated 12 days after discontinuing tremorine administration. Sensitivity at this
time was practically identical with that of untreated control mice, a fact
indicating that the tolerance was already over.

Discussion

After the introduction of the use of tremorine as a test in the search for
antiparkinssonian drugs [1, 2] were demonstrated its analgesic [7, 8, 9] and
anaesthesia-prolonging effects [7, 9] which have also proved suitable for the
same purpose [8, 9]. To these properties of tremorine now a new one has
been added, namely its causing tolerance in animal experiments. The develop-
ment of tolerance is surprisingly rapid. Three or four treatments already



356 L. DECSI, M. VARSZEGI and GY. MEHES

suffice to cause complete insensitivity to the drug, especially after admin-
istering high doses. The development of tolerance does not depend on the route
of administration (intraperitoneal, resp. subcutaneous). It should be noted,
however, that about 30 per cent of the animals did not tolerate a 18 mg/kg
dose of tremorine for more than 6 to 8 days. The duration oftolerance is short.
The original sensitivity was partially restored after a rest of one week and
wholly after an interval oftwo weeks. There was, however, a tendency for a
more rapid re-addiction.

The property of tremorine to cause rapid addiction in the mouse must
not be left out of consideration when the drug isused in routine pharmacological
screening.
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“Die pharmakologische Beeinflussung der Kapillarresistenz
und ihrer Regulationsmechanismen”

(Capillary Resistance:

Its Response to Drugs and Its

Control) Akadémiai

Kiadé (The Publishing House ofthe Hungarian Academy of Sciences) Budapest,
1960

The monograph gives a survey of the
author’s investigations followed for about 10
years partly in cooperation with other work-
ers at the same University from where had
originated the reports on rutin, on the in-
hibitory action of flavonoids on permeability
(Rusznyak, Szent-Gyodrgyi, Armentano,
BERES, BeNTSATH).

In the general part of the monograph
the concepts of capillary resistance, capillary
permeability and capillary fragility are classi-
fied and differentiated. The methods for
studying capillary resistance, the mechanism
of the formation of petechiae, the changes in
capillary resistance (diurnal, seasonal, age-
bound), and its normal values in males and
females are described. On the basis of the per-
taining literature and the results of experi-
ments of his own, the effects of physical fac-
tors, such as thermal effects and the actions
of ultraviolet and X-ray irradiation are dis-
cussed. The author has succeeded in showing
that flavonoids and the indenochrome deriv-
atives offer protection against the untoward
effects of radiation. The problem of the cor-
relation between capillary resistance and
blood circulation is also touched upon.

In the main part of the monograph (chap-
ter 11) the effect of various drugs on capillary
resistance is discussed. It is pointed out that
by the use of new methods it has been con-
firmed that calcium increases capillary re-
sistance and that capillary resistance de-
creases in response to histamine. Skin irri-
tants are diminishing capillary resistance
(i) reflectorily; (ii) by causing the release of
histamine and other H-substances; and (iii)
through a direct vascular action. In contrast
with this, the antihistamine drugs (Antergan,
Neoantergan, Synopen, Benadryl, Antistine)
increase capillary resistance. Must authors
claim the same for epinephrine, too. A similar
action of ascorbic acid has been described by
some authors, while others found vitamin C
ineffective in this respect. Capillary resistance
increased in response to the oral adminis-

tration of thiamine, while it suffered a transi-
tory decrease after the administration of
nicotinic acid. Capillary resistance is in-
creased also by paraaminobenzoic acid, vita-
min E and vitamin K.

Of the favonoids, citrine restored to normal
the pathologically-diminished capillary re-
sistance in cases of vascular purpura and also
in experiments. Similar observations have
been made with rutin, and itis only with the
experimental scurvy of guinea pigs that con-
flicting evidence has been reported. The
low capillary resistance was increased also
by hesperidine, as well as by quercetine.
Sophoricoside, isolated from Japanese aca-
cia, was found to be even more potent.

The indenochrome derivatives inhibit the
histamine-induced chemosis in the con-
junctiva of the guinea pig. Haematoxylin

affords protection against the bronchospasm
elicited by histamine and restores the capil-
lary resistance lowered by the Sherman —
La Mer—Campbell diet. Capillary resistance
was increased also by haematein, brasilin and
brasileine.

Among the catechols, d-epicatechol was
the most effective in increasing capillary re-
sistance. Of the anthocyanides, leucocyani-
dine increased by 30 to 100 per cent capillary
resistance, and also the cumarin derivatives
increase it.

It is shown that anticoagulants (heparin,
glutathione, acetopurpurin, Chicago-blue,
Germanin, Liquoid, lanthanum chloride) re-
duce capillary resistance, irrespective of
their being natural or synthetic products*
organic or inorganic substances.

The author and his co-workers have suc-
ceeded in blocking the action of these anti-
coagulant and capillary resistance-reducing
agents. For example, the action of Liquoid
could be inhibited by pretreatment with
haematein and that of heparin by pretreat-
ment with protamine sulphate or toluidine
blue. The same has been achieved by treating
the animals with rutin for some days before



358

administering heparin. In contrast with this,
CaCl2, administered intraperitoneally in doses
of 25 mg/100 g of body weight, did not suffice
to block the capillary resistance lowering
action of heparin. On the other hand, amino-
pyrine and phenylbutazone inhibited devel-
opment of the heparin effect. Phenylbuta-
zone was inhibitory only exceptionally. The
reduction of capillary resistance by Germa-
nin was inhibited by toluidine blue.

In chapter Il the effects of DOCA, ACTH
and cortisone on capillary resistance are ana-
lysed, in connection with the research done
by Eichholtz, Nitsch, Robson and Duthie,
Kramar and others. All authors agree in
that capillary resistance is enhanced by cor-
tisone and this action may be suspended by
the administration of somatotrophic hor-
mone. The author and Dux showed the part

in the control of capillary resistance of the
ACTH-heparin and the cortisone-heparin
systems. These results are in agreement with
the view of Kramar, according to whom
cortisone plays the principal réle in the regu-
lation of capillary resistance. The author and
his associates can claim for themselves the
credit for proving that beside cortisone hepa-
rin, too, plays a significant rdle in these
mechanisms.

W ith its bibliography embracing 225 refer-
ences, the monograph is a valuable account
of a systematic research representing the
continuation and expansion of investigations
in which Hungarian workers have been the
pioneers. The monograph will be useful to
all those engaged in studies concerning capil-
lary resistance.

E. Jeney

Printed in Hungary
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ACTA PHYSIOLOGIOA
TOM XVIII. — BblIl. 4

PE3IOME

MPOCTON W YYBCTBUTE/IbHbIA METO4 ANA OMPEAENEHWA HEOPIAHU-
YECKOIo ®OC®»OPA

H A BUPO, A MIOPAL 1 JOEPOHAN

ABTOpbI paspaboTany MeTOA OnpejeneHUsi HeopraHU4Yeckoro docgopa NyTeM ocax-
feHus octopa B BuAe CONN CTPUXHUHA (POCHOPHOMOIMOAEHOBON KMCNOTbI, pacTBopsisi Mpo-
MbITOE OCaXKAEHWE W U3Mepsis MOr/olleHVWe cBeTa Mpu 254 Tu. HaumeHbluee onpefensieMoe
Konn4ecTBo coctasnsieT 0,05 Mukporpamm B 1 Mn. AfeHosunHdochaT, KanbUuiA, MarHuin, Tpu-
XJIOPYKCYCHasi KUC/MOTa U X/10pHas KWc/oTa He NPensTCTBYIOT onpefenieHnio. Cob MbILLbSKO-
BOI KMCMOTbI fO/IKHA OTCYTCTBOBaTb. AT® He MoKasblBaeT M3MePSeMOro rmaponunsa, a Kpea-
TUHOC(OpHaAsa KUCOTa BbISIBASET B NMPUMEHEHHbIX aBTOPaMU 3KCMEPUMEHTa/IbHbIX YCN0BUAX
oo 5%-oro rugponusa.

POTOOKNCNEHVNE MWOIrNOBUNHA
w. WAWATO

BVOCUHTE3 KOPTUKOCTEPOMAOB B HAAMOYEUYHUMKAX KPOJIMKA
O. A ®A3EKALL

ObpasoBaHue 11 B OH rpynnbl KOPTUKOCTEPOWMAOB B HaAMOYeHHMKaX KPOSIMKOB BO3-
MOXHO TakXe MyTeM BOCCTaHOBMeHMA 1l-okcorpynnbl. [na 3Toro npouecca Heob6XoAMMO
NPUCYTCTBUE MONEKYNSAPHOIO Kucnopoga. MNepefatolinini BOJOPOL KOIH3UM He aBnseTes AMH.
3TOT NpoLECC MOXHO CTUMYNNPOBaTb A06aB/ieHNEM MPOMEXYTOUHbIX NPOAYKTOB Lukna CeHT-
Obépabn —Kpebca. HenoBpeXAeHHON KNeTOYHOW CTPYKTYpbl He TpebyeTcs. BUOCUHTE3 anbao-
CTepoHa M KopTu3ona cnegyet w3 1l-aernapoKopTuKocTepoHa. KopTMKOCTEPOH Mnosy4vaeTcs
rnasHbIM 06pa3om n3 11-0e30KCMKOPTMKOCTEPOHA, HO €ro MOXHO MoNyunTb Takxke n3 11-ge-
rMapoKopTMKOCTepoHa. MepBas peakuus NPOMCXOAUT NPUBGAN3NTENbHO B [Ba pasa WHTEH-
CMBHee, YeM TrocfnefHaa. B HagnoyeyHUKax KPOAUKOB 17-TULPOKCUMALMA MOXKET WUMETb
MECTO TakKXXe Mocne BBefeHUA 21-TMAPOKCUATPYNMbl, HO TO/IbKO B TOM C/ly4ae, ecnivi Coefu-
HeHue obnajaeT Takxke 11-oKcorpynmnoi.

MOANPNLUMPOBAHHOE WOAOMETPUYECKOE OMPEAENEHWE TMEHWNMNA-
NNHASbI

B. YAHb

LN onpegeneHnss NeHUUMUNNNHA3LI MPUHATO MOMb30BAThCS MOAOMETPUYECKUM  MeTo-
naom lMeppe, AalOLIMM TOUHbIE BEMYMHBI, HO HEMPUrOAHbLIM AN CEPUNHBLIX M3MepeHuid. Ans
CepUiiHbIX M3MepeHUid 9TOT METOZ CTasl MPUroAHbIM 6/1aroapst MPUMeHEHW0 Bofb(pamara
HaTpUsi 1 XenaTuHbl B KauecTBe MHrMGUTopa. MpuBOAATCSA pe3ynbTaTbl HECKONbKMX onpeje-
NeHUiA, NpoBefeHHbIX MO 3TOV MOAUMULMPOBAHHOW METOAMKE.



POIb KATbUNA B PEIYJTIMPOBAHNN HAKOMMEHWA KAJTNA B CPE3AX KOPbI
rOJIOBHOIO MO3rA MOPCKOW CBUHKW

4. TAPLOLL

1. NS HakoMMeHUs Kanmsi C MaKCMMasibHOW CKOpPOCTbI0O B Cpe3ax Kopbl F0/I0BHOIO
MO3ra MOPCKOW CBUHKU HEOGXOAUMO MPUCYTCTBUE WMOHOB KaslbLys.

2. TMpn OTCYTCTBUM WMOHOB KalbLMA HAaKOMMeHWe Ka/usi COBEpLLUEHHO MpeKpallaeTcs.

3. WoHbl Kanbuus npu NpuMMeHeHHbIX B 3KCMepUMeHTax aBTopa KOHLEHTpauusax coBep-
LLEHHO He B/UAIOT Ha YrNeBOAHbIA 06MeH TKaHeli U MPOoM3BOACTBO SHEPTUM TKAHSIMM.

4. Mo MHEHWO aBTopa KaslbLii ABNSeTCS OCHOBHOM COCTABHOM 4acTbio MexaHW3Ma,

perynupyloLero TpaHcnopT KaTuoHa.

NCCNEAOBAHVA O-TNTMUEPANBAEMNA-3-@OCPAT-AEMMAPOIMEHESbLI.  XVIII.
NMMNNAHBLIA KOMMOHEHT 3H3VMA

T. LEBEHW, T. KENETW, BPOHVUCNABA COPEHW u M. WAWNIO

OEVCTBUE YAANEHUA 3HAOKPUHHBLIX >XEME3 HA BbI3BAHHYHO 3BY-
KOBbIM PA3OPAXEHWEM, 303VHOD®WNINIO

A. BUPO, B. COKONTAN n A. ®AXET

Y KpbIC C YAaNeHHbIMWU HafnoYeyHMKamy (pasHbIMK Croco6aMy COXPaHEHHbIX B XXU3-
HUK), @ TaKXXe Y KpbIC C yAaNeHHON WMTOBMAHOM Xee30i 1 C MONOXKNTENbHON peakuueli Ha
CUNbHBI 3BYK 1Y KPbIC C yaNeHHbIM Fnou3oM, ayauoreHHas 303MHOUINS He UMeeT MecTa.
Y XXUBOTHbIX C YaNIeHHON LWMTOBUAHOW XXene30M, HO C HEraTUBHOM peaKLuMed Ha CWMbHbIN 3BYK,
yAanoch Bbi3BaTb ayAMOreHHYH 303MHO(GUINIO. MOCTOSIHHbIV NpreM KOPTM30HA NPensiTcTBOBas
MOBbILLEHUIO YKCMa 303MHODUbHBIX K/IETOK TaKXe Y HEMOBPEXAEHHbIX XWBOTHbIX. [aHHble
aBTOPOB rOBOPSIT 3a TO, YTO ayfuOreHHast 303MHOUNINSA MOXeT pa3BMBaThbCS, Kak MnpaBuno,
TONbKO B C/lydae XOPOLUO YPaBHOBELLEHHOrO CHabXeHWs ropmMoHamu.

CBA3bIBAHVE KANbUWA M3OJTMPOBAHHbIMW MWNOPUBPUNNNTAMN

(MpegBapuTenbHOE COO06LLEHME)
H. A. BUPO n A. MIONIPA[

BOMPOC TYMOPA/IbHOW «FEED BACK» PEMYASAUUWN dYHKLUUU TUMNODPU3-
KOPbl HAAMOYWEYHUWKA

3. 9HAPEUN, K. NMNWIWAK »n M. TEKEPELW

B onbiTax Ha cobakax M KollKax 6bl0 YCTAaHOB/MEHO, YTo MHTpauepe6panbHoe BBefe-
HVe aleTaTa KOpTM30HA B KonudecTee 10 uim xe 50 Mr B KayfafibHyto YacTb runotanamyca u
formatio reticularis CPEAHEro MO3ra, CHWXKaeT (YHKUMIO TMNoMKU3-KOpbl HaanoyeuHuKa.
Y APYTUX HEPBHbIX CTPYKTYp 3TOT CTepousd, B MPUMEHEHHOM KOHLIeHTpaLWu, He BbI3blBas
M3MEHEHWIA. B TO BpemMsl KakK KOPTWU30H Mpy BBeAeHUWU B 06/1aCTb rmnoTasiamyca CHUXan cek-
peuno AKTE COOTBETCTBEHHO C BBEfEHHbIM KOMIMUYECTBOM, CO CTOPOHbI formatio reticularis
CPe/Hero Mo3ra yanocb Bbi3BaTb CHVXXEHWE TOMbKO A0 BEeMMYMHbI, JOCTUIAeMO B MOKOE, YTO
aBTOpbl ONPeAeNUIM U3MEPEHVEM COAEPXXaHWUA KOPTW30HA B KPOBU HAAMOYeUHON BeHbl. B
JanbHelWnX nccneaoBaHmsax Ha6ofanocb, YTo TUNEPTOHMYECKUA pacTBOP X/IOPUCTOr0 Ha-
TpUs, BBEAEHHbLIA B formatio reticularis CHMXan BblaeNeHNe afibAoCTEPOHA; 3TOro sBfe-
HUA He HabNoAaN0Ch HW NPU BBEAEHUM KOPTW30HA, HW NPU BBEAEHUM MMNePTOHNYECKOro pacT-
BOpa [IeKCTPO3bl. Pe3ynbTaTbl OMbITOB YKa3blBAlOT, Ha TO, UTO MOBbILLIEHWE COEPXaHUA KOpTU-
KOWIOB B Nepudiepnueckoii KPoBM MOXET TOPMO3UTb BbiaefieHne runodusomM AKTI, Mocpea-
CTBOM LIEHTPaNbHOM HEPBHOW CUCTEMbI, MU MOCPEACTBOM CTBOMA FO/IOBHOMO MO3ra.



BANAHUNE ALPEHANIMHA 1 HOPALPEHANVHA HA BOJIbLLON N MAbIN

KPYI'h KPOBOOBPALWEHNA COBAK OO W TMNOCJ/IE YAAJNIEHUNA TPYAHOIO
CECMEHTA CINMHHOIO MO3rA

K. KANNAW, N. TAKAY n T. PEHbBEWWINU

YpaneHvue rpygHoro cermeHta cnmMHHoro mosra (th 1—XII) y HapKOTM3MpPOBaHHbIX
cobaK He B/IVSIET Ha COCYAMCTbIA TOHYC /IerO4YHOro KpoBoobpalleHUs. KanenbHoe BnvBaHue
60nblWNX [03 HOpajpeHanHa MOoBbILWAeT MWHYTHbIA 06bEM cepAua HernoBpeXAeHHbIX
YKMBOTHbIX, Y 3HAYUTENBHOIO COCYAOCY)XXMBAKOLLEro afeKTa Mbl He Habnwgann HU B 60Mb-
LLIOM HW B Ma/ioM Kpyrax KpoBoob6palleHus.

MoeHTUYHbIe 403bl HOpaApeHaInHa, Nocne yaaneHns cermeHTa CMHHOro Mo3ra, BL3Baiun
cocyfocyXmBatowimii  ediheKT Ha nepudepmun, 0gHAKO B MasioM KPYry KpoBoo6GpaleHus
CTAaTUCTMYECKN MOKAa3aTe/HOro MOBbDKEHWA apTepronapHoOro ConpoTuBieHa He HablogaeTcs.

OpHOKpaTHOe BBefeHWe afpeHasInHa UM HopajpeHasiMHa MOBbILLAET /IeroYHoe apTe-
puanHoe faBrieHune. YaneHne rpyfHoro cerMeHTa CrMHHOMO Mo3ra rMoBbIWAaeT 4YyBCTBUTESb-
HOCTb BCEr0 NNLLb NepupepPnYEcKMX COCYLOB U TOMbKO K afpeHasivHy.

BA3OMOTOPHbIA PE®JIEKC HOBOIMO TUIMA, BbI3bIBAEMbIV M3 BEHO3HOIO
CMHYCA

M. CEHTUBAHW n A. OXAC-HAb

B BEHO3HbI/i CMHYC BBOAWIM KaHIOMO, CHaGXEeHHYH B3flyBaeMbIM 6anioHoM. OTTOK
KPOBM M3 CMHYCA Yepe3 KaHIo/Mio 6bln obecriedeH U B C/lydae B3fyBaHUsi GasioHa.

HaTtskeHue CTeHKMU CUMHyca 6an/IoHOM NPUBEO K NafeHUo KPOBSIHOTO AaBfieHus. 10
SIBfleHNe YAanoCb NPeKpaTUTb Nepepeskoit 61y aarollero Hepsa. CHUXeHME KPOBSIHOTO Aa-
B/IEHUS BECbMA A/INTE/bHO, U NPOAC/IKAETCA 0 TeX Mop, NoKa 6asifoH COAePXMUTCA BO B34yTOM
COCTOSIHWM, B MPOTVBOMOMIOXKHOCTb PedhieKCy Na3yxu COHHOM apTepuu, Npy KOTOPOM, BOMPEKM
BbI3BaHHOMY Ha CTEHKY [aBfieHWI0, KPOBAHOE [AaB/ieHWe CKOpPO A0CTMraeT MepBOHAYasibHOro
YPOBHS. V13 3TOro MOXHO CAenaTb BbIBOA, UTO PO/ib pediieKca 3aK/touaeTcsl He B COXPaHeHUM
OnpeaeneHHoOro YpoBHS KPOBSIHOTO JaBfieHWsl, a B MPOYHOI YCTAHOBKE KPOBSIHOIO AABNEHUS
Ha HOBOM YpOBHE.

YCcTaHOBKAa KPOBSIHOTO [aBfieHMsl Ha HW3KOM HOBOM YPOBHE OCYLLECTB/SIETCA MyTem
CMELLIEHNS] MPECCOPHO-AEeNPECcCOPHOro PaBHOBECWUS B HampaefieHUM [enpeccopa: BO BPeMs
peeKTOpHOM TUNEPTEH3UN HeMb3si BbI3BaTb TMMEPTEHCMBHONO pediieKca Nasyxu COHHOM
apTepuu, B OT/IMUME OT MMMNOTEHCMBHOIO pedifieKca COHHOM apTepun, KOTOPbIi MOXXHO BbI3BaTb.

PedpfieKC reHepanv3npoBaH U ero MoauuuMpylolliee AeiicTBMe Ha paBHOBecue Bceli
UMPKYNALMM 06YCNOBNMBAETCA TEM,UTO ad(hepeHTHbIE BOIOKHA BK/IHOHAOTCS B PETUKYISPHOE
o6pasoBaHue, NpuyeM TOPMOXKeHMe AUDEY3HO PacnpoCTPaHSETCA OTTyAa Ha LEHTPbl, ydacT-
BylOLLME B PEryNALUM KPOBSHOIO AaBfieHMS.

MPUBbIKAHWE K AENCTBUIO TPEMOPUHA
n. OEYN, M. BAPCETW »n . MEXEL

Y Mblleli pasBuBaeTcs NopasvTelbHO BbICTPOE MPUBbIKAHWE K AeHCTBUIO TPEMOpUHAL.
3T0 NpUBbIKaHNE HaB/0AAETCS B OTHOLLIEHUN BCEX TPex AeMCTBUI TPEMOPMHA Ha LieHTPasbHYo
HEPBHYIO CUCTEMY: — TMpPY BbI3bIBalOLLEM TPEMOP, NPW MOTEHUMPYHOLLEM HApKo3 W npu 6one-
yToNsiloWeM fieiicTBum ero. Uepes 10—14 fgHein nocne nNpekpalleHns BBefeHWsl TPEMOPUHA,
UYBCTBUTE/IbHOCTL K HEMY BHOBb BOCCTaHAB/IMBAETCH.



OAHHBIE O PErynaunnm oyYHKUUNA TUMNOPUN3A, ANHHUKA N KOPbl HAL-
MOYEYHNKOB CO CTOPOHbI T'MMNOTAJTIAMYCA

3 SHAPELM

B onbiTax Ha Kpbicax 6bl0 yCTaHOB/EHO, YTO MPOBefeHHas B MepefHeli 4YacTu rumno-
Tanamyca 3/1IeKTpoKoarynauus, paspyliatiowas obnactb mexay nucleus paraventricularis,
chiasma opticol W infundibulum, KoTopana pacnpocTpaHunacb TaKXe Ha regio preoptica,
B 3HAYMNTENIbHOW Mepe NOBbICWIA BEC MaTKW, 1 06ycrioBAMBana MNOCTOAHHOE COCTOSIHUE TeYKMu.
3TW NOBPEXeHNA MOBbICUIN TakXe (YHKUMIO rMnotm3-Kopbl HaanoveyHnKka, KoTopyto aBTopbl
npoBepsnv onpefeieHNeM COAepXXaHUS KOPTMKOMAOB B KPOBW HAAMOYevHOW BeHbl. Bblio
YCTAHOB/IEHO, 4TO Y XXWMBOTHbIX C YAa/feHHON KOPOi Haamovye4YHWKOB W3MEHEHWUS MOMOBbIX
Kene3 60see BbIpaXKeHbl YeM Yy KOHTPOSbHbIX XXMBOTHbIX. [lanee OblL10 YCTaHOBEHO, YTO Yy
XKMBOTHbIX C YfafeHHbIMU SWYHWKaMW MOBbILLEHHON CEKPEeLMM ropMOHAa HaANOYEeUYHUKOB He
Habntopaetca. M3 pe3ynbTaToB 3KCMEPUMEHTOB MOXHO CAenaTb 3aK/YeHue, 4YTO peakums
KOpbl HaAMoOYe4YHNKa, Ha NoBpexieHve runoTaiamyca, SBAAETCA CNeACTBUEM MePBUYHO MOBbI-
LUEHHOW (PYHKUMN AMYHMKOB. C ApYroi CTOPOHbI KaXKeTCs BecbMa BEPOATHbIM, UTO CeKpeums
KOpbl HafMoYeYHNKOB YMEeHbLUAET HacTynatoLme Mocsie MOBPeXAeHWs runoranamyca usme-
HEHWNSI MOJIOBbIX XXeses.

BAUNAHWE MOCTOAHHBLIX »XW3HEHHbIX YCNOBUMA HA KOHLEHTPALMIO
BOJOPO/HbIX VWOHOB C/ItOHbI AETEN

M. CABO u K. TOT

Wccnegosanocs pH 397 06pasLioB CtoHbI, B3ATbIX OT 52 AeTeld, XUBYLLUX B UHCTUTYTE,
N XKUBYLLLUX Y CBOMX POAUTeNeil. Bbio yCTaHOB/EHO, UTO pH C/lOHbI figTeld, XKMBYLLLUX NMPOAO0SI-
XWUTENbHOE BPEMSI B UHCTUTYTE, CUFHU(MUKAHTHO BbIlle, MO CPaBHEHMIO pH ChloHbl  AeTeid,
XUBYLLUX Y CBOUX POAUTENel. B oTAenbHbIX rpynnax pH c/toHbl AeTell ¢ XOPOoLUMMM 3yGamu,
oTAMuanock OT pH ctoHbI feTeil ¢ NAoXMMKU 3y6amu, OfHAKO, KaK NpaBuio, MaTeMaTUYecKu
HECUTHU(UKAHTHO. ABTOPbI MPUMNICLIBAOT pasnnumne pH COHbI Y OTAENbHBLIX TPynn  dak-
TopaM NWUTaHWS W BAUSIHAIO Cpegbl.

NCCNEOOBAHUVE OPITAHOB KPOBOOGPALLEHWA KPbIC NPV HAPKOS3E MEHTO-
BAPEVTA/IOM, YPETAHOM W XJIOPAJIO30M, U B BOAPCTBYIOLWIEM
COCTOAHNN

K. KAJTAU n 1. TAKAY

Y HapKOTM3MPOBaHHbIX MeHTO6apbuTasioMm (BHYTPUOPIOWNHHO 40 MI/Kr), ypeTaHoM
(BHYTpMGPIOWNHHO 1 r/Kr) 1 xaopano3om (BHyTpuBeHHO 0,10 r/Kr) KpbIC, NPOBOAW/IOCHL OMpe-
feneHne MUHYTHOro 06bemMa, KpOBSAHOro faBfneHWss W MeTogoMm «indicatorfractionation»
(P68&) CanupluTeiiHa (1,2) hpakuymm MUHYTHOro o6beMa opraHoB. 10 3TUM AaHHbIM MOYXKHO Bbl-
UNCNATb KPOBOOOPALLEHWe OpraHoB W MX COMPOTMBIIEHME KPOBOO6palleHuto. Ha HeHapko-
TU3NPOBAHHON rpynne KpbiC WUCCNeA0Ba/IUCh TOMbKO (hpakLuMnm MUHYTHOro ob6bema.

MonyyeHHble NpWM Hapko3e MeHTO6apbuTanioM pe3ynbTaTbl,, COOTBETCTBYIOT UTepa-
TYPHbIM JaHHbIM. B Hapkose ypeTaHOM KpOBSHOe faB/fieHWe W COMPOTMBIIEHWE LMPKYNALMN
cepaua HuKe 4Yem Npu Hapkose neHTobapbuTanom. CepfevHas M KOCTHO-MblLLeYHas pakumm
MUHYTHOro 06bemMa Bbllle, a MoYeUHas U KulleyHas pakumm Huxke. Xnopasno3 MoBbIWAeT TOK
KPOBW B KOXHO- M KOCTHO-MbILLUEYHOW CUCTEME, HO CHUXAET COMPOTMBIEHUE cepala U KOCTHO-
MbILLIEYHOM cucTeMbl. MWHYTHOFO 06bema MoyeyHass pakuus HUXeE, a KOCTHO-MblLlleyHas pak-
UM Bbiwe. B HEHapKOTU3MPOBaHHOM rpymnmne KpbIC NOPasvuTeSlbHO CHUXXEHME MUHYTHOro 06be-
Ma, CepAeYHON, MoYeyHol N MeYeHOYHON (Ppakumii 1 NOBbILLEHWE MUHYTHOIMO 06bemMa KOCTHO-
MbILLEYHON (hpaKkLmm.
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