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In a prnvious paper) the atebrin :inhibition on the succino
xidase system, whiich occu11s in the component of the system si
tuated ibetwee111J thiel dehydrogenruse a:tl!d the W a r b u r- g - K e i 1 i n 
system hais been descrilbed. W r i 1g h t and S ah i! n e8) ha;v'e no
ted the atehrin :inhiibitiorn, whiLe iinveiS1ti:gatinig the :influence of 
hits of t1:ssu1e:s on the oix:ida<ti1on, of gluc1ose lactaite, pyruvate, ci
trate and fumarate but have not obserVled such an inhibiHon 
on the ox:ildat:iiorn of 1sucdnate. Meainwhile :iit ha1s ihe·en shown 
that the aitebrin inJhi,bt/t:iioin OCCtUil".S m a lmk <Of the cha:in, which 
is situated between the dehydrogenase and the W a r b u r g -
K e i 1 i n ,syistem .iin tho.se ca·ses wheire the pre:pa1J:1atii0n1s of suc-

. c:in1od!ehyidiro.geI11ase i e. of t>he succin1oxidaise 1syiS1tem are made 
a#e·r H-0 f f - Jo r g e ~u: e n an1d Le hm a n in3) a1nid aHe:r K e i-
1 i n and H a rt ·r e e5

). Reexamining the exper1ments made by 
W r i g h t a.nd S a b I~ 1n e8) we foiUIIlld' .a~ain that a di:s,tinct diiffe
r.ence ex!i!stis bertwee:n the hehaivliouir of str.ip.s of Hssue:s :i.n. theiir 
reactioin to 1sucinate., as far ais the act:iion 01f ateibrin in co:ncern1ed. 
TMs difference shoWls that the act'ion of the1se preparations of 
succino:ridruse dioes not i!Iniilt1a1te c1om1p1ete.ly the oxi:dation. of suc
cinate W:h!iich OCOU'l".S 1i:n vivio. We. we•l'e internsted ·to ood out 
which factor .1s liaickm~ in the prepia1ra-ti101111s·, tihu.s maki1ng the 
atebrin iinMbiiHon posisible. 

The method 

The musde ha.sh wais pn~prureid f,rom fre1sh muscle tiiS1Sue1S. 
The musde HssUJe wais pU't Hve .times thrOUJgh the grinidier, 
wa:sh.ed two tfones wHh .d~stil.l'ed ~cewrut1e:r alllJd suspend'eid illli att1. 

equail volume ,oif M/15 phospha:t1e huiffe:r pH 7,4. 
The preparatiion .of the su,cci1111o·xiidase .sys<tem a.fteT H o f f

J o r g e n ·s e n ainid L e h m a n llli3) ail11d' after K e i J! i n aind H a r
t r e e5) has been dese:riibed :iln the paper men:tiiO!Il.ed rubove2

). 

Cytochrome c is p1"1eipared by usin·g the K e i 1 i n and H a r
t r e e method4) hut the dialysi:s wais iillOt madie a~ai1I1:s1t 1 p. c. 
sodium chloride 1but aga:iinst 1'1e,di1s1t!ille.d w1afar. 

Kochsaft (hoi·l·ed muscle e~s,frac.t) wa.s -prep.aTed a:fter 
Ah l .gr e n1) kom foe.sh r:aihb.iit musde. The freisih mu.sele· tissue 
wais hashed and boiJ:ed for 1se~eral miinuteis. Wiith a .suf.fillcient 
quaintity of redistilled waiter, Hlteiredl anid neut.ralised fo· ipH 7,30. 
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The p.reparati-on was ke.pt at 0°C and reho:~led befo·re e.ach 
experime:nt. 

The acHvi:lty ,of the elliZyme was te,sted aifter L eh ma IIl n. 
The decolourising time of methylene bdue wa·s 9-11 minutes. 

When preciipHat:iing the enzyme with add, the supe.maint 
liqu.iid' was J"ecovwed an<l uise:d in the experimen.t1s undier the 
name o·f the »supematant liqu~d« afte,r ,being neutralised to 
pH 7.4. 

The experiments were made according to W a r b u r g's 
manometric method. 

The results 
The diifforence between the behaivioUJr of the mtliS0de ha,sh 

a.n1d the .s'ucci\111oxiidas1e 1system preprur'aitiion1s a.g,ai!llls:t the inhibitoiry 
action of ateibrin i1s ciearly isho wn ~n T.a1b1ie 1, wh:iich sho,ws the 
atebr:iin !i'nMbitioin o:f the oxiidaition of siucdnate ~ni muscie hash; 
and in the s-ucin1oxida1se sys,tem prepar.aition by K e i l li1 .n and 
H a rt r e e5

) and by H o ff - Jo r g e n se n and L e'h ma n n3
) , 

The fina! concentration of atebrin wa·s 1 X 110-a M. Each flask 
conta~ned 1 ml .of muscle haish ,01r the e1nzyme iprepraraHom, 1 ml 
of the above mentioned concentration o·f atelbrin, and 1 ml of 
M/15 pho,sphate bUlffe.r pH 7,4. Afte-r the temperature 1n. the 
flask became constan:t we ·a.dded 1 ml of 0,5 M ·sodium succinate 
to the muscle or the enzyme ipreparation. Ga,seous rphase: air. 
Tempera:tur·e 40°C. The n1umbe:rs show in cmm the oxygen con
sumptiron for eve.ry fifteen minu1te's. 

Table 1 
' - -

P reparatt;i'On by Preparatnon by 

Muscle hash K e i !i;n and 
H o f ,f - J o r g e n-

Hartr e e sen and 
Lehmann 

no I a tebrin atebrin no I aitebrin atebrin 1110 I a1tebri111 a·tebrin 

cmm o f o·xyg.en co1rusum:pti0tn 

after I 
I m~:nutes 

15 48,2 46,2 40.,2 1.6,2 4LJ.,l 2J,O 
30 30,4 50,2 8'8,6 24,8 100,4 5.1,2 
45 81,3 78,l 139,0 60,3 166,8 96.,3 
60 J.lr2,2 11-0,4 W·t,o. 98.,9 202,5 112,6 

per cent 
of Hnal o.o 1,6 
inhib1tiio1n 

o.o 50,l o.o 44,.5 
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As vJe se'e the amoun,t o,f inhiibHiiion in musde hash iis qulite 
unimportanrt: eompared to the effeot iin einzyme prepra:rationis. 
TihJi1s fact confinns the ti:ln:d!iinigs ,of W r i g h t a.nid S a :b i n e·8) 

about the impos,sibility of inhibition of ox:iidation of the !SUC
cin.a:te by a'tebrii:n,. lt .is 01f cours.e cle1a;r tha1t we cairnnot imifate 
the hioLogioal pr.ocesis li!n the preipa;ra:tfoI11s acr11d that theT:e mUJst 
be anothieir factor present in vi,vo w!hich guards the 1system 
f.rom a:tebriln acti1on. Ah l g r e n 1

) hrus. reported a tihermo1sta.
bile factar X :iin iboiled mu1scle e·xtT.act (Koohs.aJt) which greatly 
a1otirvates the oxiidatiion 01f 1sucdnia.1te. Po t t e r and S ch ne i
de r 7) have .demcmsfalated •that ~a~:ci1um a1nd a.lrumiJnrum io'Ils 
cain replace the actlion of Kochis1ruft, amid 1Jhey conclu:de.d the're
tiriom, that thls· action is due to the Koicthsaft hruviln:g the .same 
fon:s. P o t t e .r6) has furlher co!ined the temi »'dihlitiiI11g eHect« 
wMch re·sults fr.om the d:is1solving of the cytochrome c in water 
and f.rorm its too we1ak concen:trati1on iin the e.nzyme rpr'erpa.ra
t:ii<ms. The addi:tiioin of cytochi<ome c to the intact prep;rura,tli10:n 
do•e,s lin fact ra~se the oonisuunpHon of 1oxygen. All the1se suibstan
ces have been uised d'uiring the testis iin ·such a way rus to rea.cti
vate the oxygen consumption, wihich wrus weakened by the 
atetbrin action. T1ahle 2 revfoWls twenty ei1ght exper'iments 
w,here differ·ent ipreparations have been used. 

The results shown i1n table 2, pio.~nt nut that none of the 
sU!bstainces quoted haive ibeein able to r enew tihe aitehr:in inhi
bitioni. with the exception of >»supernatant liquid« which is the 
only one able to replace almost comp1eteiy the phy1sfo.L0igi,cal 
condat~ons. Riboflavin ha;s onily ipartElaiLly reis1t1ituted thel ~nhiibitory 
effect of atelbdn, and in two e:ioperiments al1so cytochrome c. 
That ·cy~ochr-ome c, how1e·ver ls not i·dentical with the activating 
fador . in this l:iquid, ~s evtid.einced iby ~ts thermostabi1ity. The 
adivity of the adi'vating factor ha'S d tsappeared after iboil1iing. 

The »1supern.ant liquid« shows an 1intemis1irve ye.llow-green 
fluorescence which after staniding for se:v·eral days disappears 
and at the same time lo,se1s Hs activity, though after boiling the 
flUJor·esicence doeis not d~sappeaT. Thu1s the a1cti<viity of the »SU
pematant liquid« cannot depend on the Đluotielscent matter 'in it. 
Cytochrome c iis thermosta.ble which excluiđes :iits iiderntity wi<th 
the active 1substan1ce mentioned above. The a:etivity of calcium 
anid a.luni.inuni ;i1ocr11s ou1ght to r·emain unimpa,iired' by hoiUn:g,· and 
they are inskumerntal in givhrg a specifiic va.luce to the acti:ve 
matter in the »!Swper.natant iliquid«. Though the_ »ISUpematant 
liqu'~d« gives a 1positive luminol re•action, it is probably only 
owiing to ,some remains of biood or even of cytochrome. Expe -
riments, howie'Ver, in succinate oxiiidaition wiilth the »supernatant 
liquid« alone remaineld negative. The »supernatant liquid« be-
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-..... 
...:i 

I 
En:iymc preparation 

Phosphare buffc r pH 7,4 

Na-Succinate (0,S m) 

Atebrin 1 Xl0-3 M 

· Ca+ + (CaCI, ) 
1,2X-6 M 

A!+ ++ [AI Cl8 ) 

l,2 X I0-6 M 

Cytochrome c 

Supernatant liquid 

Riboflavinc 1 X l 0-3 M 

I 
Inhibition· in per cent 

T ah le 2 

Preparations by K e i li n and H 1 rt r e e 

mi 

2 2 2 2 2 _21_2 2 
- -

1 1 1 1 1 1 1 1 1 
-- - -1 1 1 1 1 1 1 1 1 

- - - - - - --
1 1 l 1 1 1 1 

---- __ , __ 
1 1 

- - - - - ---
1 1 

. ---- ----- - --
1 -,------- - - ----- -1 1 

,----1-------
1 

Ol! 001!1S ll'ffi\PtiOlll li:n CffilQ 

203,8 98,2 96,1 
I 

96,0,101,6 95,l 202,4 168,8 22,6 
- - ----

52,9 j .50,1 
--------

o 51,8 52,9 53,3 0,7 17.2 

Preparations by H o ff -J o r g e n s e n 
and Lehman 

ml 

2 2 2 I 2 2 2 2 2 I 
- - ---------- --- -1 1 1 1 1 1 1 1 I i 
---- -------- - ---

1 1 1 1 1 1 1 1 I 1 
- --- - - ------ - ---

1 1 1 1 1 1 _ 1 1_ ----

1 = 111= ---- ----

I 1 1 -,-- - ----- - --
1 

- 1---- - ----------
1 1 -,-------------

1 

02 ·OOinSurna>tiOln m cmm 

166,2 72,'l- 76,2 76,3 ·73,2 7&,9 166,3 128,4 8,2 
------------------

o 56,6 54,1 56,0 55,9 52,5 o 22,7 



haved in a ·similar manner in the oxidation of ascorbic acid· 
and that showis again, that an morea·se of oxidation in sodium 
succiinate i1s not caused by a1didlilU01111 of cytochrome oxicliaise. 
H only remainis to accept siucci:nlic acid or ,siome otheir sllllbs!frate 
as a probaJble cause of this increased oxi1dation. This cause 
mit1st of course be contained in the »>1supernatant liquM «. ln order 
to s1olve thiis problem, e:xiperiimentis we.re made by aiddin1g 
lar,ger quantities of succinate , fumarate , a-glycerophosphate, ma
Ia,te or hi:etate. AU these were u:nable to· di:J:n:in!i.sh the atehrin 
inhibitli:on.We found, however, an increaise of oxygen consumption 
when adding a surplus of a-glycerophosphate or malate, but this 
couilid iin no way be comp.a1rnd wirt:h the in1creaise of oxyg·en oon
sumption a·ccotn(pliished by an addition of the »1supernatant li
quid«, We did not succeed in j,solating or idenHfying the substan
ce conitained :in »su1pernatant liqu~d« .re1sip-on1sibl;e for its function. 
Further experiments witl g1ive a bette'r smvey of it1s composii1tii0n 
and funcHon. 

Summary 

The a tebrin inhi:bition of sucd:inoxidase system prepara tions 
· by K e ili n and H a rt r e e and by. H o f f - Jo r g e n s 1e n and 
Le hm a nn cannot be induced in :suce.inate oxidation with the 
tissue its~lf i. e. wHh muscle hash. lt was possible to accompJl:sh · 
a ·reneiwal of oxygen conisumption :in ,succinate oxidation with 
the supe·rnatant liquid after the prec~pitation of e.n.zyme with 
add. This liquid cailled »Supernatant l:iqui·d«, it1s funidion and its 
comparison with ot her ·suihstances wihiich adivate the oxygen 
consumption in 1succinate oxidation with the a:bove mentioned 
preparation,s, is di1scus•sed on the ba.se of e:xiperimental fi:ndi rngs . 

INSTITUT E OF PHYSIO LOOY 
MEDICAL FACULTY 

ZAGR EB (CROATIA) [Rcceived, Decembeir 23, 19481] 
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IZVOD 

Djelovanje atebrina na sistem sukcinoksidaze 

II. Zaštita od atebrinske inhibicije u tkivu 

Nikša Allegretti 

U prvom sa,općenju bilo j.e prikaz!llllo inh i!biitomo djelo1V'a111je atebrina 
na potr<ošnju ki-sika ko d oksidacije j3Jl1ltame kiseline sa priipravcima sistema 
sukcinoksidaze po H o f f - J o r g e 111: s e n - u :iJ L e hm a nn - u. Ovo se ne 
sla~e sa rezultatima W r i g h t i S a b :ine, koji1 su našli ispi1tuijući djdo
va1111j:e a,t eJbrfa1a l!lla p ()ltrošnij1u kil51itkiai koid odc.sfi1daaide jJalll/taJrnie ktis'Cltilnie po
moću komadl~ća ·mti,ši,ćnog 1tkiva, da nerma 1inhihicije ip01tmšk: a1 kistika kod 
ove oksid!!Jcije. Ispifa•no je ,dj elov.ani'e l'aJZniih tva1d, Z!IJ koje se predmni
jevalo da bi zho,g to,ga, j.er s·e normalmo na:la;ze u mišiću, mogle utjecati, nia 
ovu i.nhibi'ciju. »K:ochsa<ft« po Ah l gr e n - UI, .Jmilciij-ev r a:luminiJev jon, i 
ci·tOlkrom c nisu o bna1v'1jaJi si8'tem mukon aitehriin.ske .inh:ibicij1e, a riiboiflaivilll 
je S•amo nez·n·aitino utjeca-o. Dodaviarnje većih - koliičina swkci111ata, zatim 
fumarata, a-glice<rofosfata, mafa1ta i .lakta:t ai 111ije t aikođ,er i'Inalo1 utj,ec.aja 
na oibruavljanj.e smanjene po t11ošnj.e 1bsika. A ko smo u istu svrhu upo
t lii jehili »g·ornju ,teilmćiniu"'• ko ja 'p.reosta,je kod obara1nj a enzima lds·elinorm, 
vidjeli smo, ·da je ova u s ta:n j'll saisvim oibnoviiti po·trošak · kisika. Ova 
»gmnj a tekućiina« pokazuje intenzivrrm žuto-zeJ.enu flu:oTescen<Ciju, koja 

·stajanjem iščezava. Kuhanjem guib1 svo,ju aktiv:nosit, do1k Hoo1rnscencija 
ostaje sačuvana. Prema ovome tva;r, koja Je nosilac ove .aktivnosti .gornje 
tekući1ne, nema s.Li.čnosti niti sa ciitokl1omom c, koj1iJ je teTmos tabi.lan, a 
niti se ribo1Havinom, koji fluarescirn r nakon kuh~nja. 

ZA VOD ZA FIZIOLOGIJ U 
i\fEDTOINSKI F AKUL'l'ET 

ZAGREB Primlj eno 23. prosinca Ja48. 
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