THE ACTION OF SOME ANTIBIOTICS ON THE HUMAN

INTERCOSTAL NERVE-MUSCLE COMPLEX

Pmroze B, Sapawarta, M.D.,-Joux B. Ditron, -M.D.

SincE Pridgen reported - fout cases of respira-
tory paralysis following the intraperitoneal ad-
ministration of neomyein,! siv more” cases of a
similar - complication have been published. 27
The gravity -of this ~complication: is -evidént
from the high mortality {40 pér-cent) attend-
ing the above “series. It appears that the
combination of ethér and neomyvein was the
prime factor “in the production of respirvitory
paralysis Imrmediate, vigorous.and prolonged
artificial “ventilation seems to hdave played ‘a
more important part “in resuscitating the sur-
vivors than any antagonist administered.

Experimeritil animals” die asphyxial deaths
whenlethal doses “of “certain antibioctics™ are
administered to  them parenterally. —~Brownlee
anid Bushby, in their study of polymyxin,® de-
scribed such deathis aiid “extended ‘their work
to “include - studies ol the isolated rat . di-
aphragm. . These  studies ” showed that - pol-
vriyxin inhigh-doses had “a neuromuscular
blocking effect. Pharmacologic studies-on in-
tact animals by Brazil and Corrado ¥ and by
Pittinger and Long ¥ have indicated that strep-
tomiyein- and neomvein in: toxic doses possess
similar paralyzing properties.

The work to be presented here is an exten-
siony of the above studies: The test material
used s the human intercostal muscle prepara-
tion and “a new technique “has been wsed in
those experiments designed to show synergism
between ether and neomycin. —The antibiotics
studied “were bacitracin, polymyxin - B, strép-
tomivein, ticomycin- and kanamyein,

METHODS

Strips of Truman intercostal -musele were re-
moved _duririg thoracotomy for = surgical dis-
cases of the chest, . Further - dissection was
performed “in - the laboratory - and - the - final
preparation was suspended o a-plastic holder,
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and immersed ir-moditied "Kiebs saling aydes
seribed  proviouslty ! The ” saline” was o
tiviuously gassed with-a mixture of 95 per cent
oxvgen-and 5 per cent carbon dioxide.

Onee every 10 seconds the muscle was stim-
ulated. These stimuli were applied alternately,
first to the muscle  directly - aud - second in-
directly through the nervé fibers lying within
the muscle tissue. The  divéct: stimuli “were
obtained from a-clipped -condenser discharge
stimiilator. ' The lindirect pulse of this stim-
ulator (with some modifications in-the éircuit)
wag used o trigger ta Dumiont 404 R pulse
generiator, the output of which was uséd as the
indirect stimulus.

Our inabilitv to maintain constant concentra-
tions of volatile anesthietics over long periods
of time in previous experiments,** was largely
overcome by using the closed chamber de-
séribed by Whalen:'® - The ehambersed -in
the experiments was larger (48 ml. total "in-
ternal capacity to. Whalen’s 13 ml) and was
equipped with two more platinani-electrodes,
placed “at-cach” end of “the  muscle bundle:
These electrodes were used for direct stimula-
tion of the muscle.  Whalen's mass electrodes
wore eoated with plastic, leaving a bare area
of platinum’in-their middle onesthird. . These
electrodes were Ttised to stimulate the muscle
indirectly through its nerve fibers. The drain
was sealed with-a thick vubber cap, through
which 0712 inch,- 27 gauge B-D nicedle was
pushed nip to “the _pin -valve, - This needle
sorved to-introduce drugs into the ‘chamber
without ‘openitig it to the atmosphere.” Liguid
cther was injected i microliter quantities with
a- Gilmont Micropipet-Buret: A didgram “of
the chamber is shown in figure 1. - For details
of the use dnd performance of these chambers
reference should be made to Whalen's article*®
Details Jof “the “experiments performed in the
present-stidy are included in the résults.

Methods Employed ‘in Caleulating Percent-
age Blocks, Duaring the progression of apro-
longed experiment, a-number of factors. have
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Fie. 1. Exploded diagram - of closed chiamber -used 16 study the effect of known,
constant-concentrations .of ether over long periods of time. - The anterior wall of the
chamber is-cut away to show details of the interior,

to be considered -when  calculating” the- diffeér:
ence in”height of the contractions évoked by
ditect and Jindirect - stimulation - at” anygiven
time.  Fortunately, these factors”are constant
from ‘experiment ‘to experiment and thereforée

can be -easily “allowed for during any single”

experiment.

Decreaent: During the many hours neces-
sary-for the suceessful completion of -some of
these experiments, the strength “of -contraction
diminishies progressively, almost imperceptibly
at first but then moré rapidly during the Liter
stages,. The reason for this is  probably the
artificial medium “in “which the muséle per-
forms. Obviously then, one hundred per. cent
of twiteh heightat the end of a long- experi-
ment is a fraction. of that at the béginning of
the experiment.

“ArrareNt” Brock: During the control pe-
riod, -most specimeéns show some difference in
the height of contractions produced by direct
and ‘indirect stimulation.

Contractions evoked

by indiréct stimulation are-always smaller than
those . produced ~by - direetly . stimulating - the
muscle itself. This difference in“height varies
from™1 or 2 mm. in good specimens-to rauch
larger amounts .in-muscles presumably  dain-
aged “during dissection. (Myasthenic muscle
for some unknown-réason ‘inviriably shows a
large apparent block:) ~Since this difference in
contraction height is a measure of neuromus-
cular block, and sinee it7is present before any
driig is added to the bathing medium; it has
been named ~the ~“apparent” “block. . Fortu-
nately, -this différence-in height remaing con-
stant” throughout the "experiment  (in’ the ab-
sénce- of fatigue) and can-be accounted for at
any particular.time by “deducting it from the
height of the direct response.

Fatigue is not significant, a5 the slow rite
of “stimulation (6/minute} does not produce
fatigue however long the experiment. At the
higher rates of ‘stimulation emploved by somé
investigators, fatiguewould itself be an im:
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SLIGHT ANTAGONISM BETWEEN PROSTIGMIN & -POLYMYXIN
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2 mg - POLY, 50-ug. PROS.
TN 50 'ml. KEEBS.

Fie, 2.
prostigmin ( Pros.) -added to bathing Hluid after indirect response-is mmp]elelv suppressed by
polymyxin. -( b) Prostigmin (Pros.) added while height of indirect response-is still falling.

portant- factor 'in- the production “of ‘a neuro-
muscular block and would have to be allowed
for by uw -considération of “the “incredse in the
“apparent” block at the conclusion of the ex-
periment.
ResuLts

Bacitracin-had such -a slight-action” that it
is’ not “reported in thi§ study; and kanamvein
did not “appear to - affect  the niéeuromuscular
preparation at all:

\’euromus(uhr blocking -action” of polymyxin B,

? ? ? t \:SASH

WASH 2mg POLY 50 ug: PROS,
3 HRS,

"a) Antagonistic action -of

Polymyxin B (i Expériments), - Weight-for
weight polymyxin had the most powerful neu-
romuscular blocking activity of the antibioties
tested. Inthe experiment recorded in figure 2,
the effect of polymyxin B sulfate in a concen-
tratiori of 40 pg./ml Krebs saline showed
rapid block to indirect stimulation. To study
the “effect. of “prostigmin on this . block, two
experiments” were performed. “In one (fig.
2a), prostigmin was added after the indirect
response “was~ completely suppressed by the

NevromuscuLaR Block N HUMAN INTERCOSTAL MuscLe -PropUcen sy STREPTOMYCIN

i, 3. Effect of adding 10 mg. stre%)tt‘n‘nycin to’ .50 anl. bathing fluid,

II:-—--: Vern

Result “is-a -steady 69 -per

cent block from -3 “hotrs -onwards.
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NEUROMUSCULAR  BLOCKING ~ACTION OF INCREASING CONCENTRATION OF STREPTOMYCIN

4 [} ]

Fic, 4. Effect of increasing concentration of streptomvcin in bathing “saliné.
sooas the-concentration of streptomycin ds- increased,
a pause of 2 honrs o that a-state of -equilibrivm hag time-to -be “established.

S seen toincre
sents
inereas

od as shown,

antibiotic.” In the second (g, 2b), prostigmin
wis added while the height” of -the Tindirect
response was still being reduced.

Prostigmin appears to éxert a-weak antag-
onism to-the néuromuscular bloeking aetion of
polvinvxing cas s cevideneed - by Tthe slight ve-
appearince of the indivect response in figure
2, and by the two sinall waves “which slow
down the fall of the indireet résponse in figure
2h. - Theorcticallv, i 7 the concentration of
polvmvyin were lower, and the prostigmin had
been added after the blocking effect"of -pol-
vmyxin had reached astate Cof equilibrium,
then the antagonism between these two drugs
would have been more obvious, - Unfortumately,
we have been unable to demonstrate o« marked
antagonism whatever the cireamstances of the
experiment, while Brownlee and Bushby failed
to-Hnd any eévidende ol antagonism in their
experiments.?

Streptomuyein- {(6° Experiments). " When 10
mg. of streptomyein were added to 50 ml. of
Krebs saline, the resulting effect on the neuro-
muscular preparation wis as shown in figure 3.

ANTAGONISM ~BETWEEN

The percentage” block
Fach break in-the record repre-
Drug concentration

The progress ol the Dloek was-rapid during the
first Tiowr (34 “per_cent) . and “then it slowed
down until a constant Tevel “at about 3 hours
was reached (60 per cent it 2 hours, 63 per
cent-at 2% hours, 69 per cent at” 3-hours, 69
per cent it 3% hours ).
wosteady state” of paralvsis !+ and the Tact that
the "direet vesponse was not - affected  supgest
that - this block “is truly cuirariform. The next
experiment as vepresenited in figure 4 showed
an-inereasing percentage block resulting from
an hiereiise i the dose of streptomycin. - Since
these “determinations were made at-or mnear
cquilibrinm, they were not complicated by
diffusion kitieties, and "hence aré true param-
eters of this particular action of ‘the drug®

The establishment of

Figure 5 shows the antugimistic aetion of
prostigrin.-to a partial, U steady 50 per - éent
block: produced by the addition of 10 ing. of
streptomyein to the bathing saline. - On adding
prostigniin, the- block was soon #educed to 20
per centy " while onwashing “the preparation
with - fresh . Krebs saline, the block was elim-
inated completely.

STREPTOMYCIN 8 PROSTIGMIN

i
. al
4 [} 4 )
¢ EER . . Bic ¢
KRED ‘
s 5. Demonsteation of antagonistic offect of prostiomin to the nearomuscular

blocking action of streptomycin:
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16,6, Constant;~steady 60 per-cent block prodiced by thie addition ‘of 3 mg. neomyein-to
50 ml. Krebs saline.

Neomycin (25- Expertiments) . The addition
of 3 mg. of neomvein sulfate-to 5O mlof
bathing saline produced a neurormuscular block
which progressed at a rate comparable o that
of @ block produced by 10 mg. of streptomyein.
In figure 6 the progression of the block was as
follows: 44 per cent at 60 minutes, 54 per cent

at-90 minutes, -37.5 [per ‘cent. at 120 ‘minutes,
60 per centiat 150 minutes, 60 per cent at 180
minutes. - Figures 7 and -8 represent records
fromi experiments which demonstrated the
establishing of steady states of partial paralysis.
These were induced first by gradually increas-
ing the concentration-of neomyein in the bath-

NEUROMUSCULAR BLOCKING ACTION oF INcREASING ConCeNTRATION oF NEOMYCIN

(RIS e | oY, L - W
. = -
T J A A A

Fic. 7. Increasing -steady partial -blocks  produced by ‘ineréasing  the concentration -of neomycin in
bathing -flaid. At each point marked A, the concentration-of neomyein has been increased by 20 ug./ml.
of ‘bathing fluid. - There is-a break of 2 hours between cach section of record.
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STEADY -PARTIAL -NEUROMUSCULAR BLOCK PRODUCED -BY -WASHING

WITH DECREASING -DOSES OF NEOMYCIN

o L) b Al
e

5 mg.  NEOMYCINTS0 mi  KREES,
|

40

MINUTES

WASHING ¢ WoE WoT
507w KRERS Bomg NED L 7wy
& 4 mg NEOMYDIN

Fio: 8.

NEO LomgeNED

Decreasing steady partial blocks produced by décreasing concentration of meomyein

in bathing fluid, - Amount of drug-reduced as shown, followed by 4 pause-of .2 hours before

recording again.
recorded. in figure 7.

g fuid and second “by “gridually decreasing
it A7 comparison | between the . pércentage
Blocks produced by the same concentration of
neomvein in thése twa experiments shows that
the ~dose-response “relationship is similar “res
gardless “of ‘whether the drug is diffusing to-
wiards or away from the réceptor site (table'1).

Figure 9 shows the antagonistic- effect of
prostigmin in a concentration of 0.5 microgram
per il saline to a steady 72 per cent block

TABLE 1
CovparisoN BETwWrEN PERCENTAGE Brocks
(AVERAGE oF 6 EXPERIMENTS) PRODUCED BY
NeoMyorN  DivresinG TOWARDS AND-AWAY
FROM RECEPTOR -S¥rE -1 Disctssion o TEr)

Pereentage Bloeks

Dirag Dy
Coneentration Diffusing Diffusing
of Drug in into Out of
ug. /il Saline Muscle Musele
20 3 [}
A} 12 10
60 41 38
80 72 54
100 84 83

See-text for a- comparison -of partial blocks in this -experiment -and those

produced by the “addition of néomyecin- (100
ig./ml saline) two hours previouslv. -After
the -addition "of _prostigmin, - thé block was re-
duced to 44 per-cent.

Figures 10 and 11 are representative récords
of “experiments “designed to illustrate the po-
tentiation of the neuromuscular blocking action
of nieomvein by the presence of known amounts
of -ether vapor in the chamber. “The apparatus
used “is -illustrated “in~figure 10 The experi-
ments were performed -as follows: The nerve-
muscle preparation wis suspended between the
eléctrodes by monofilament _nvlon . threads.
The upper thread was passed through a mer-
cary. seal in the cover. . Twenty-five milliliters
of “Krebs-salinein the lower - part of the
chamber were equilibrated by continuous gas-
sing with /95 per ¢ent oxvgen and 5 per ceiil
carbon dioxide. A strip of filter paper soaked
in diethanolamine was put in a small, shallow
tray, which was then introduced into the lower
chamber well - above ‘the “level of the Krebs
salitie. . The performance of diethanolamineg as
a carbon -dioxide - absorber is adequately "de-
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ANTAGONISM -BETWEEN PROSTIGMIN & NEOMYCIN

]
P

5 omg. NEOMYCIN

ADDED TO
50 .mi. KREBS.
Fra. 9.

BREAK TN PE g PROSTIOMEN
RECORD

ECGUALS CONE HOUR

Demonstration of the antagonistic effect of prostigmin to-the newromuscular

blocking action of neomycin;

ETHER, NEOMYCIN ‘& PROSTIGMIN-ON HUMAN INTERCOSTAL MUSCLE

4
INTO BB el T HAMBER

THER

0001 m t

60 MINS

[

1
120 -MING,

THD MING, Fowg T PROSTIGMINE

Fie. 10,

! !

CASSING T
Gy & SOy STARTED AGAIN

Increased nieuromuscular ‘blocking activity of néomycin in-the presence of u smiall amount of

ether vapor which has 1o nenromuscnlar-blocking action. before-the addition of neomycin,

scribed by Whalen.?# The - lid - {bearing the
muscle) “was then lowered onto the chamber
and “sealed with a thin layer  of -silicone
gredase ‘on each side-of a gasket and two or
three piper clips. " The chiamber was “then
comipletely - submerged “in a bath containing
water at 37 €. The glass tube leading to the
manometer -was then attached. Gassing “was
stopped by closing the pinvalve, but adequate
oxvgenation of the preparation was assured by
constantly stirring the fluid medium with the
magnets.  Stimulation - of the muscle and the
recording - of its cotitractiony -were | as - usual,
Ether was introduced into the chamber with a
microburet, the  pin -valve proximal to the

needle was then closed and the microburet was
removed.  As soon as it Cwas injected, the
liquid - ether was . volatilized, “as it "was now
above its boiling point. . This "expansion: was
transmitted to the manometer. The barometric
pressure in - the chamber was then restored to
atmospheric by dropping ‘the columns of “mer-
¢ury”in the manometer -until both colimng in
the U tube were  at the same level. The
muscle ‘was” then allowed to -contract - in -the
presence of “ether for over “one hour so” that
equilibrium would be established between: the
amount of ‘ether vapor .above the level of the
Krebs saline and the amount in solution. The
conicentration of “ether vapor in the -chamber
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COMPARISON ~BETWEEN -THE EFFECTS OF NEOMYCIN ~ALONE '8 -OF NEOMYCIN IN . THE
PRESENCE OF ETHER - HUMAN INTERCOSTAL NERVE -MUSCLE COMPLEX

g 3 Jﬁ‘”
AL
» L
§0 7 NEGMYC e et KRERS £0 N
i I
6702 miL o ETHER 1RO 40 py.o WNEO: BREAK IR
TN mE CHAMBER PER i KREHS. RECORD THR. Z0-MITS .
"’ DURING WHICH PREFPARATION WAS WALHED
o3& GASSING WAS RESTARTED.
Fic. 11 Two experiments performed- it the samie time on-muscle specimens removed frony the same
})(ui(‘nt (a) Usial open bath experiment to demonstrate the blocking .action of 60 ug. neomycin-per

milliliter - Krebs saline.
produced . by the s
concentration,

was calculated- from- the  movements -of - the
mercury columns in the manometer and from
Charles’ law ¢ After equilibrium was assumed
to ‘be establislied, any neuromuscular- bloek
resulting from-the ether “was caleulated, and
neéomvyein’ was -injected “through the- 12 'inch
needle after opening the pin valve. “After the
injection of anv drug, the needle was flished
with 0.2 ml. “of saline withdrawn from the
chamber with a taberculin syringe on a three-
way - stopcock -attached “to-the hub of -the 12
inch needle.

In the presence of 6.25 per cent ether (fig.
10) no neurormuscular block was prodaced hy
the f‘th(‘r itself, but-neomyein, in a concentra-
tion-of 72 pg./ml” Krebs, induced a-steady 65
per cent block.
cent -block by the introduction of -prostigmin
(1 pg./ml Kiebs).
expériment, gassing ~was -begun-again. - The
ether was blown away
rediuietion of the block to 28 per-cent within 10
minutes.
expetiment are: that neomvein produces a far
greater block in-thé presence of ether than in
its-absence (cf. figs. 7 and 8); that prostigmin
counteracts the -block - prodiiced by nicomyein
and that a

This was reduced to a 44 per
Towards -the end of ‘the
resulting “in “a.further

The conclusions - drawn . from this

but not_that prodiiced by “ether,

(b) Closed -bath experimeat sho\\ms: marked potentiation of h uckmg action
same  concentration - of neomycin -as . in

{a). by -the presence of ether. in- constant

concentration of “ether “insufficient to produce
a neuromuseular block by itself does produde a
certain’ degree of  block
neomycein,

in the presence “of
These conclusions appear to indi-
cate that there s a trie potentiation between
cther and neomyein.

Figure 11 shows records from two- different
experiments performed “at the same -tirme on
two specimens of _intercostal” muscle removed
Figure -1
the usual open’ bath - experimient showing the

from the same patient. Ta illustrates
neuromusculai blocking action of neomyein in
A concentration of ‘60 microgram-per milliliter
Krebs. Figure 11h depicts a- closed-bath - ex-
periment showing the neuromusculir blocking
effect ‘of -the same concentration of neomvein
in the presence of 12,5 pér cent ether vapor.
This high concentration of cther itself produces
428 per cent block at the end of one hour
On the addition of neomyein, the sudden and
complete disappcaranice of the response toin-
direct stimulation 'was a dramatic-demonstra:
tion of the potentiation - between - ether “and
neomvein at high concentrations.

Discussion

There appears to beno doubt that the dose
of “antibiotie - nécessaryto “produce “an appre-
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ciable neuromuscular -block -is far above -its
therapeutic range. - To-quote the observations
of Brownlee and Bushby ¥ concerning the acute
toxieity” of polvinvxin B to mice, “Toxic doses
caused immediate svmptoms consisting  of
vasoconstriction, muscular ineoordination and
respiratory distress. T At-this stuge stimulation
of the central ‘nervous “svstemn was shown by
occasional - strvelinine:like -convulsions:  Com-
plete Haceidity - of ~skeletal “miscles” followed,
with-dyspnoea and “apnoea. Arrest” of the
heart and death” from anoxia followed in three
or four minutes, I animals which recovered
from nearlethial doses, the curaredike effect on
muscle-was more in evidence and gave way to
a phase of vasodilation and ultimate recovery.”

Since-polymvyxin and streptomvcin have not
vet been implicated in - inducing o paralytic
state-in clinical practice, the vest of the discus-
sion will be vestricted to the use of reomvein:
In-elinieal “practice a “great deal of “dttention
has been paid to such chronic toxic effects as
damage to the kidnev and to the éighth eranial
nerve, “and to” such wcute Ctoxie effects as
anaphvlactoid- shock.’™ " Paralysis ~ resulting
from .the parenteral “administration of “certain
antibioties, howeéver; remained restricted to
Iaboratory observations until yécent vears when
it has become éommon practice -to introdiice
large amounts of a-potentially toxic agent into
the peritonedl cavitv-considerable amoiints of
which are absorbed  rapidlv -into the circula-
tion. "

Recenit reports indicate that man can
tolerate “1.0° Gm. of neomyvein “per day paren-
terally for one week without "harm. % 2 Tt is
significant - thérefore, that the ¢ases- of pro-
longed respitatory paralysis” reported in the
literature -have all been observed 'in “patiénts
under anesthesia. The studies of Pittinger and
Long,® -and the work presented here indicate
that there is a syriergism between ether and
neomvein. In all these cases it is obvious that
it is the combinition of these two agents that
hag been -the "precipitating factor rather than
an overwhelming dose of either drug by itself.
In-a pitient reéceiving, or scheduled to receive
parenteral neomvein, - the anesthetic agent of
choice would appear to be cvclopropane be-
cause of its positive inotropic action.?? ” Relaxa-
tion to the siirgeons’ requiréments would have
to be achieved by some regional procedure.

ACTION OF SOME ANTIBIOTICS 667

SUMMARY

The- increasing use of parenteral neomyein
has presented - the anesthesiologist with @ com-
plication previously unheard of in clinical prac-
tice, prolonged respiratory paralysis die to an
antibiotic. - It is argued that it is not the anti-
biotic by itsell - that produces” the “paralysis,
hut” the combination of  the “antibioti¢ | with
ether which possesses muscle-paralysing prop-
erties of its owii, - Experiments were performed
to demonstrate the large "doses of polymyxin,
streptomyein; and neomvein required to pro-
dhice paralysis and to demonstrate the potentia-
tion of this toxic effect in~ the  presénce” of
known amounts of ether vapor.  It'is suggested
that ‘evelopropane be used - to ~anesthetize pa-
tients receiving neomyein parenterally:
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