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effccts were completely missing when the dosis remained below the Í5 fotd daíly therapetrtíc 
dose ror men.
2. The renal damage is always limited 
function of cor use váry rapidly

tó the tubules of the corte*;  regeneración and return Or

3. The extend of the gastric and renal damage seams to be parallel to the blood level of the 
compound.
4. Long termedsubcutaneous administration of500 000 units pro kg cólistin-methane-sulfonare 
does not lead tp any disturbante of vestibular function in mice.
As far as it is perjnaissable tó draw conclusions for the use inmen, may be said, that, with respect 
to side effects, colistin-méthanesulf  onate compares comparably with ¿ompounds of ñeomycín. 
group.
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Reciproca! Potentiatíon between Succinyicholine án<t Colistiii in the 
Neuromuscular Blockade

Vital-Brazií and Cortado (l^ while studpng the mechánbiñ of respiratory paralysis, 
found that streptomycin adniimstered in toxic doses to dogs .produced -u blocking etféct 1 ••••■•■ t ■ .*
at the neúroinuscular junction,
Vítal-Brazil (2> 3) and other workers (4) cpnnrnied latet sudi discovery and established 
the conditions fór' thé phénomenón to takú place, its reversibility by calcíum dilpride 
and the dose-e£Fect relationship, Tater» Corradó and Jlamos. (5—7) and sónae other 
authors (8, 9) demonstrated ^at other. ant^ diemicaUy related tp streptomycin, 
such as, neoniycin and ¿áhamycín produced the blocking effect of the neuromusculár 
transmisión as ¿well as: blockade át tha léve! of: neuróvegetative gánglions. Recéntl^ • * * •» • • . % *■ , /’ • t r *■ “ ■* ’ ’ * « **
Vítal-Brazil and có^órkérs (10) éstáblished that viomycin, an antibiotic cómposed essen*  
tially of aminoaclds, also. produced the neurbniuscular felockihg effecti
With this background, it was-¿onsídered Pt inter^i to investigat^ 
pep ti de antibiotié, produces the sainé efíect as the above' pientíonedantibiotics.

' • • • ■ - '• 
Materials and Methods 
Twq series of iáperiinénts were ÍOiie: die hrst one was desígned; tü study the lnfluencc of 
colistin on the neuroáiuscular tfansmission and the second óne, dealt with both. the tPsücity pf 
this substance and the combinede<ect’of colistin and: suwúylchohú*  the fóst ;serw

SO H|. Int. Kongr. f. C^émotíi^rapie



306 B. B. de Naranjo and P, Naranjo

’ * •• •
jnale guinea pigspf 480 to 600 gm body weight were used. The anímale were anestherizedwith 
i mixture of urethane (600 mg/kg)and sodium pentobarbital (10 mg/kg) injected by intra*  
peritoneal roüte. The tradiea was cannulated to give, if necessary,artificial respiración and a 
polictylene cube wasinserted ín the external jugular vein in order to inject thedrugs. Sciaric 
nerverribiahs: anterior muscle preparación was set up in che convencional manner using a Brown- 
Sdíuster myograph. The tendón of che tibialis anterior muscle was attached to a fíat spring and 
che muscle contractions wererecorded on a smoked paper. Platinum electrodos wereplaced 
both on the sciaric nerve brancb which, inriervate the tibialis anterior muscle and directly on 
themuscle.Square waves óf 0.2 msec. duratióñ and a frequeiícy of 60 per minute delivered from 
an elcctronic stimulátor. (American Electronic Labs.» Inc., model 751) were used to excite che. 
preparación.. ín inost of the' experiments, the nerve and the muscle were alternatively excited 
but in á few essays the twoJegs were prepared, ojie for direct and. the other for indirect srimú- 
Jatipnand were excited simultaneously.ln pach animal, the threshold and the strength required 
to cause the maximal twitdi for the direct as well as for the indirect srimulation were previously 
studied.
For the essay with the drúgs, except in the series corresponding to the colistin alone, a standard 
srimulation twice that required for the maximal twitch was used. Eacb type of experiment wa& 
repeated, at least, in five animáis.
In the fitst groüp of animáis, ónly the efiect of colistin was studied, testing increasing dosesx 
otupro 1000 mg/kg from a batdh.which cóntained 13500 U/mg. Stimuli lower than twice thé 
máxima! were used.
The mutual influente between colistin and succinyldioline was studied in the next two groups 
of guinea pigs: a) succinyldipltne was injected first in a standard dose of 50 mcg/kg intra? 
yéhously. Then, 20 minutes later, 500 mg/kg of colistin was administered afeó by intráyenóus 
rdute and after 30 minutes a sccond dose of succinylcholine was given, and b) the seqiience óf 
drugs wás; colistin firsti then 30 minutes later succinylcholine and finally 15 minutes later the 
secónd dose of colísrin was administered, always in the standard doses, respectively.
The secorid series pf experiments war carried out on male adulé white mice of 20 to 22 gm body 
weight. Colistin. wás injected by intraperitoneal route and succinylcholine intravenously. The 
LDsq of the. twd drugs Was first studied separately and then their combined action was tested 
by administering colistiñ fpllowed by toxic doses of succinylcholine. Colistin was used as the 
metansulphonatc and siiccinyldioline as the ddoride. The doses given corresponded to these safes.

Rwdts 

1. Effects of colistin. Using threshold stimulations for the muscle, as well as for the 
nerve and doses oí colistin of 100 mg/kg, adecrease in the muscle contractionsamplitude 
was pbserved which amounted to 3O®/o and 15% by the direct and the indirect stiinu*  
Latións» respectively; The inhibition started 5 minutes after the injection and it reached 
the máximum at 15 minutes. With a dose of 500 mg/kg, the inhibitions were 70% and 
21%, respecrively, and the máximum effect appeared after 25 minutes óf aministering

■Mititíon of ihe muscular contraciion fródüccd by Colistin

Dósés »
% of inhibición

Indirect Direct
stimulation srimulation

300 mg/ke
500 . 

t iOOO „

13 2
38.3

>55.4

94 
18.3 
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Succinylcholine and Colístin ín thebtéaromUscularJBIodkade jqj

Usíngthe Suprathreshold stimulation of the muscle for both the muscle and nerve, it 
was found th¡at vrithdoses lowér thán 150 mg/kg, there wasno inhibition of the muscular 
contractíon. Athigher doses, colístin próduced inhibition. The greatér the doses, the

• ** ’ , < ' ’• * ’ "i ' J • • 7

higher was the effect (Tab.(l)»Thepeak effect appeared after 20 minutes.
I

When the standard stimulation twíce the strenght requiredto.cause the iqaximaltwitch 
of the muscle was used,colístin by itself(Fig1A) did nót produce,any decrease of the 
muscular contraction neither únder the direct stiiriúlátion, nór under the índirect* one 
éveii wirh individual doses of 1 gth/kg. The stimüláiióhk were repeated with doses of 
Up to 2 gm/kg.

Fig. 1< c^listíti alon$ lA) <itá after sútcinylcholin^
pig 490 gm. Maxurial twitches Óí the.dbialis anterior )núsd¿ Micited di^é^
direcdy (1) once every secónd. In Ai alternative recordings and ui h simultaneóüs recordings for 
both lega. C500 colístin, 500 mg/kg> i—v. In A, repéawd doses at38
one dose after 20 minutes of the injection of 50 mcg/kg of succinyldioline. Time, ! minui^ ín B» 
eacb arrow, 1 minute.

¿0*
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2. Potentiation of thesuccinylchotine effect. ~ Succinyleholine, by ítself, produced total 
blockade of che neuromuscular transmission, though of short duration in only 4 out 
of 8 animáis (Fig. 2A). In the other 4, it produced partía! blockade (Fig. 2B).There 
was riso inhibición of the muscular contracción, though it was not too strong, when 
the muscle was directlystimulated. On the other hand, when the same dose of succinyl- 
dioline was administered 20 minutes after the administración of colistin, it produced a 
complete neuromuscular blockade of a duration 15.3 times longer (Fig, 2C and Tab. 2), 
When in the control series, a second dose of succinyldioline was giren at the same ínter- 
val butwithoutthejnjection of colistin, the extent of the inhibición as well as its dura? 
tion was very similar tothat produced by the first dése.
Small dosésof succinyldiolíne such as 10 mcg/kg did not produce any neuromuscular 
blockade in the test essays,although after colistin they produced a 60 to 85% inhibición 
(indirect srimulation) which lasted from 12 to 15 minutes.
^.Potentiation ofthe colistin effect.— Colistin, administered beforé succinyleholine, 
according to that was fonnerly described, did not produce either inhibición of:the 
muscular contracción ñor neuromuscular blockade. Lnstead, when it was given up to 
20 minutes after a previóus dose of succinylcholine, it produced 77% and 60^/ü inhibición 
of the muscular contracción elicited by indirect and direct stimulation, respectively 
(Fig; IB). Inhibición lasted approxímately 24 minutes. Due to the fáct that colistin givén 
at longer than 1 hour intervals, prometed cumulative effeets, for this series of experi- 
ments two différent group, of animáis were used: one receiving only colistin and the 
other one receíving colistin foliowing a dose of succinylcholine. The inhibición efFect 
appeared and lasted in the same way, 2 to 3 minutes. Then, it was Progressive until 
approxímately 25 minutes after che injection of colistin. The recuperación was likewise, 
sloWf 
4, ‘íbxicity potentiation, Prior administración of colistin enhanced succínylthpline 
toxicity. As it can be seen in Fig. 3, to a greater colistin dose corresponded a greater 
succinyldiolíne toxicity and its DLso decreased. The DL¿o of colistin (i-p) was 518±22 
mg/kg. £)oses luwer than 300 mg/kg did not produce mortality. The DLbo of sucdnyl-

Tab. 2. Inhibición of the macular contraeüon produced by fuccinyichoUne (50 
fntennty und duration of the effect befare and after a dose of 500 of colistin.

Stimulation
Indirect Direct

I ■ ■ III III—..^iiik I, I   —■ I ■! ■>■. ■ ■ ■■

•A oí InhibiticttU
Before 84 28
After 100 66
P* <0.05 <0,01

Duración of the maximat
inhibición:

Before 3.i*‘ W'
After 47.5r 40.3'
P» <0.01

*?Probability valué óf the statístfcal significante bcsween the 
valué» -befóte* and xtfcer*
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dioline produced 100®/o oí mortalityaftera dóse pf; 100 mg/kg.of coltstíñ. Üsing thé 
DLt$ of succinylchoiine aftervariable intervals ofcolistin (1QQ. mg/kg)?it wasfound 
that at 15 minutes the mortality was anly .25%; ai 30 andóOmínutes.óOVajatl^O 
minutes 40%. This íev^ W that the greátest actívity of cólistin toók place between 30 
and 60 minutes áfter its adminístrátion.

I I

Fig. 2. £#e« Qf ^íiñylMint b'fore (AandP‘|?
Maximal twitdies of the tibialis anterior muscle wete ehcited direcdy ®) aad mdwcalr íl) once

>. A ■■- ’“'a b“*

™P*'Ae »n» 4mC aft« 20 minutes óf rl>e iJministraúoa pt coli«in- Time, 30 setond».
In C
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píg. 3» lacrease of succinyltboline toxicityafter colistin administration, White míce, Each re- 
gression line based on an experiment with 50 animáis, 1Q for eadi dose.

The results revealed that colistin in very high doses is capable of inhibiting the muscular 
contractlons caused by direct stimulation and above all by indirect stimulation. Its 
potcncy as blocking agent of the neuromuscular transmission would be quite inferior 
to thát of streptomycín, neomycin and kanamycin (2, 5—9). The most outstanding fact 
in the present investigadon whidi apparently has not been observed by other investiga* 
tors who have worked with other antibiotics, is the mutual potentiation of the muscular ton w
blocking effect which was observed between the colistin and succinylcholine as well as 
the potentiation of the toxicity of succinylcholine by colistin. This fact xnight be of clinic 
importance if the phenomenon is also produced in human beings, párticularly in patients 
who being under treatment with this antibíotic, might ündergo surgery. In such dtuatipn, 
ít will be necessary to administer reduced doses of succinylcholine. «■ 1

Nsuh der tv. Injektion von Colistin jn Dosen von 100 mg/kg findet sidi eipe geringe Verminde-? 
rung. der Amplitude der Kontraktionen des M.tibialis anterior des Meerfdiweíndiens. Dieser 
Effekt wurde abernur eniek, wenn die Reizungen sichim SdiweUenbereidi bewegten*
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*

Die Hemmung Wat groBerbel der direktén áísbei derindíréktenReizung,mít hoberen Dosen 
yon Colistm erhóhte sích die íntensita ' und -pauer dc£ Kohtraktiónéhr Der Hennnungseffekt 
verriunderté sidi,wenn stárkere Reize verabfolgt wurden,¿ypr, allem bei dírekter Reizung. ^enn 
die Reizstarke áuf das zwéifadie der Maxímalkontraktíon gesteigertSrürde, blieb díe liemmühg 
segar bei posen von 1 g/kg aus.Na di. Verabfolgüiigvon Succynii diolin blfeíertColistinteil- 
weise die neúromuskulare Übertragung, ürid eíne vorheríge Verabreichiing vpn; Cólistin íubrt 
zu einer betraditlidién Erhobung der Intensitat und Dauer des neuromuskulareh Snccinyldiolin-t 
blockeffektes. NiedrigeDosenvon Succynikhólindíe áílein keínen neuromuskularen Block aus- 
lósten, führten. zu komplettein Blodk/wenn vorber Colistin gegeben wurde. Ebénso erhóhté isídi 
die Toxizitat yon Succynildiolin ¿urdí yorberige Verabreichúrig nicht letaler pósen yon Colistín. 
Pie grofíte Toxizitat fand sich, 30 bis 60 Minuten riadi der Colistín-Iniektion.
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0*5 P¿ Naumann und W. Auwarter, Hamburg (Deutsdiland)

Die parcnterale Colistín-Therapie j Wirkstoffspiegel und antibak terielle Akfívitaí

Von den zahlreichen Faktoren, die den Erfolg ofe Mifefolg einer Thérapi^ AiU Ktan* 
kenbett bestinwnen, sind éinmal díé antibakterielle Aktivitat des Antibiotikums, zum 
anderen die imPatientenorgánismus realisierbaren WirkstofFkorizentradonen einerrélativ 
exakten Messung xmd Beurtéilung zuganglidi. Diese síi^ 
terien für die BeurtéÍlun£ der Eríegerémpfindlichkeit: und sírid zugleich unentbehrlü 
für eíne posiétungj die sidh an der Seiisibilitat des yorliegenden prregérs orientiert. 
Wahtend über die< antibakterielle Akdvitat des feolistin eíne gañie Medie yon Etgeb* 

í * 1 .i " . , ’ ’ ’ < • ’ ■ . '. < ‘ ' j } • • ’-u - •

nissen vorliegen, 'ist< dem Kliniker, Chemotherapeuten uhd Baktejriologeíl eíne. Orien- 
tierung üfcer die ín vivó erreichbareh CoHstin-Kpnzentratíon aufeprdentlidi\
Die von versdiiedenen Autoren un Sdirifttum mitgeteilren Resultate von Blut- und Li- 
quorspiegelbestimniungen sind infolge einer buntenVielfalt der Definitionen undBegriffe, 
derPr^paratipnen und Dosier ungen, kaum noch vergleidibar und nicht mehrzüeinerein-

* * * ’ . * \ •u •»* ’ * *,w ' '• / ¿ ’ T * ». • . a * ’*" r • ’ • /- .• 1. ***^ - , v । * "^ * ■'/* *•*’’/ 1

heitlíchen Aussage ¿usanitnen^ufasse^ Der óine ' Colistih ¿ ajs
Sulfat, andere ais Chiorhydrat oderMevhansulfonat/wobei die Auswertungbeunemen



312
P, Naumann und Auwarter

Autor gegen homologen Standard, beím anderen jedocb gegen Colistm-Sulfat erfolgt: 
Definitionen in mcg Base, mcg Sulfat, Methansulfonat und Chlorhydrat konkurríefen 
init biologisAen Einheiten, die um die Verwirrung voll zu machen - sowohl gis 
japápisdie ais aú4 ais britisdie Einhéiten interpretiert werden (2,3>4,7,11,12,13,16), 
¿s dáber nabdiegend, eigéne Spiegelbcstimmungen im Blut und Liquor cerebro- 
spinalis durdbLZüfiihren und an einem groEeren Kollektiy gram-negativer Erreger dfe 
antibakterielle Aktivitat von Colistin zu bestimmen, Aus der Korrelierung der ermita 
telteq Daten solí femé pnnzipí^e Werfbem für die Therapie yon

Pyocyaneus- und Coli-Inféktipnen abgeleitet werden.
Da^¿ Grundeh dér~ bésseren Vertraglichkeit fiir die parenteralé Applikation nur das 
Sulfomethyl-Derivat des Colistin Verwendung findet, wurden alie Untersudiungen aus-’ 
sddiefílidi mit Cólistiri-Ña-metbansulfonat durchgeführt1). Samtliche Angaben werdén 
dabei aüf den Gehalt an wirksamer Base bezogen, erfolgen also gravimetrisch in mcgoder 
ing Báse*  Ledíglidi bei der Dosierung wird daneben auch noch die Bezeichnung in japa- 
nisdien Einheiten (1 E -^- 0,0333 mcg Base) beibebalten, um einen Vergleich mit den in 
Élnheiten ublichen Dósierungsaiigabeñ der therapeutisdien Praxis zu ermóglichen, 
Die Spiegelbestimmungen wurden im Lodiplattenverfabren (Agardiffusionstest) mit Bor- 
détella bróndiiseptica ATCC 4617 ais Teststamm durchgeführt. Die unterste Nadiwels- 
grenze lág bei etwa 0,1 mcg Base/ml. Die Auswertung erfolgte gegen Colistin-Nar 
methansulfonat, also gegen homologen Standard. Ansatz der Standard-Verdünñungen 
iñ mensdilichém Serum, das zuvor auf eventuelle antibakterielle Eigenaktivitat geprüft 
war.
Bei den Aktiviratsbestimmungenan 200 Stammen von Pseudomonas aeruginosa spwU 
50 Stammen von E: coli und coliformen Keimen im quantitativen Rohrdienverdünnungs- 
test wurde ebenfalls Colistin-Na-inethansulfonat der glei&en Charge verwendet. Die 
minimalen Hemmkonzentrationen (MIC) sind in mcg Base/ml angegeben. Die bakterizíd 
wirkenden Konzentrationen wurden durdi Subkultur der klar gebliebenen Testrohrchen 
ermittelt und sindin jedem Fall ais »to tale Bakterizidie*  zu yerstehen.
Díe Spíegelbestímmungen im Serum erfolgten an insgesamt 23 erwadhsenen Probanden 
jeweíls 2, 4 und 6 Stunden nacb einmaliger intramuskularer Injektion von 1 bis 4 Mega- 
Einheiten (33 bis 133 mg Base) in Form des Colistin-Na-methansulfonat. LiquOrspieg^ 
wurden bei 10 erwadisenen Pacienten ohne entzündliche Veranderungen der Meninges 
durdigeführt, Und zwar ebenfalls 2 bis 4 Stúnden ñadí einmaliger intramuskularer Applif 
kation von 2 bis 4 Mega-Einheiten Colistin-Na-methansulfonat (66 bis 133 mg Base)» 
In jedem Fall wurde zuglejch audht der enísprediende Serumspiegel bcstimmt.
Die Resáltate unserer Blurspiegelbestiinmungen sind detaiUiert in den Tab» 1 bis 4 
und ais Mittelwertkurven von insgesamt 23 Probanden in Abb. 1 wiedergegeben. leíder 
ist eín quantiuriver Vergleich mil den Ergebnissen anderer Untersucher aus deií schon 
erwahnten Gründen nidit móglidi und verbietet sích speziell wegen der differenten Stan- 
dardsubstanzen, bei denen Diffusions- und Aktivicátsunterschiéde zwisdien Standard und 
Tea nidw auszusiiieñen sind (1^ 16)/

ii.ji 11 .fu'i; .i■ 

■ ■ r * - - • . .

wurde ah therapeutúdie Subnanz sowie in analycucher Einwaagí 
L,’ ano "Tlnpu * 1» Standardsubitanz mit eineni Milligramm-Titer von 11 569 E/mg.(Charge 
Z'-vjí ^2.593) heben»würdigerwei« vdn dér Ea. Chenúe Grtínenthal GmbH, Stolberg» 
»r Verfügung geitellt. .


