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Blockade of the Facilitative Action of Neostigmine on
Muscular Contraction by the Antibiotic Colistin

P. NARANJO and E, de NARANJO
Faculty of Medicine and L.LF.E. Laboratorios, Quito, Ecuador

Abstrae!

In experiments on guinea pig scilatic nerve-tibialis anterior muscle
preparations, with the use of suprathreshold stimulation, 1t was found that
neostigmine enhanced the strength of the contraction. [If an apprnpriate
Interval between doses was used, the facilitative effect of neostigmine was
cumulative. There was nearly a fourfold increase in strength of contrac-
tion after the third dose of neostigmine. The administration of colistin, an
antibiotic possessing some curarelike properties, did not modify the ampli-
tude of the muscular contractions when intravenous doses up to 250 mg/kg
were used. If neostigmine was administered not later than 5 In after the
Injection of colistin, i1ts facilitative effect on the muscular contraction was
only slightly diminished; however, If 10 to 20 min elapsed between the
administration of the two drugs, the effect of neostigmine was entirely
antagonized by colistin. Cumulativé doses of neostigmine also failed to
have an effect. The nature of the antagonistic effect of colistin and Its

slow appearance iIs discussed.

Tn a prior study (de Naranjo and sary that the time-courses of their ef-
fect coincide at least In part. Neo-

Naranjo, 1964) 1t was observed that co- oL _

listin* and succinylcholine produce a  Stigmine has a very short latent period,

mutual potentiation in the neuromuscular ~ Put colistin, on the other hand, produces

blockade. Although the blocking effect ~ Mmuscular blockade after a long lateney

of colistin could be due to a direct ac-  (dé Naranjo and Naranjo, 1964).

tion of this antibiotic on the motor end This investigation was performed to
determine whether colistin has anti-

plate receptors, the strong potentiation _ .
of*the* diration of the blocking efffectpf ~ Cholinesterase activity.

succinylcholine suggested tha: this re-

spamnse* was produced by an inhibition of Moleriais and Methods
activity of the true c/™r@®s— ~e-rt0fin>
Adamson, Marshall, g Lo Experiments were performed with male

have already demonstrated that the  y,ineq pigs weighing 490 to 520 g. The ani-
blockade produced by colistin in sciatic mais were anesthetized with a mixture of ure-

nerve-gastroenemius muscle prepara- thane (600 mg/kg) and sodium pentobarbital (10
tions in rabbits and chickens was not  mag/kg) Injected Intraperitoneally. The tra-
chea was cannulated for the administration of

ctagonised by neostigmine.  However, artificial respiration when necessary, and a
the lnverselcond_ltlpn, namely the an- polyethylene tube was Inserted in the external
tagonism_ ol colistin on the effect of  jygular vein for the injection of drugs. A sci-
neostigmine, has not been studied. In atic nerve-tibialis anterior musclepreparation

addition, when the combined action of was set up in the conventional manner, by use
two drugs is investigated, it is neces- of a Brown-Schuster myograph. The tendon
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ol the tibialis anterior muscle was attached to
a fiat spring, and the muscle contractions were
recorded on smoked paper. Platinum elec-
trodes were placed on the sciatic nerve branch
which Innervates the tibialis anterior muscle.
Square waves of 0.2 msec duration and a fre-
quency of 60 per min, delivered from an
electronic stimulator (model 751; American
Electronic Labs., Inc.) were used to excite the
preparation,

Threshold stimulation, which varied be-
tween 0.2 and 0.4 v according to the animal,
was used as the standard stimulation. Each
experiment was repeated on 5 to 10 animais,
and average valles and their standard errors
were determined.

Colistin methanesulfonate from a batch
containing 13,500 units per mg was employed.
This antibiotic 1s a polypeptide ring (Fig. 1)
with five molecules of L-diaminobutyric acid
and one molecule of each of the foliowing: 6-
methyloctanoic acid, L-threonine, and L- and
D-leucine. Neostigmine was used as the
methylsulfate. Both compounds were diluted
In saline solution.

Two series of experiments were carried
out. In the first control series, after pre-
liminary assays to standardize the dose of
neostigmine, we measured the facilitation of
the muscular response to nerve stimulation by
administering neostigmine (30 /zgAg) at 10-min
Intervals. In the second series, colistin (250
mg/kg) was given at various times before start-

Ing the series of neostigmine Injections.
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Fig. 1. Chemical sfracture of colistin. The thick line
'ndicates that the moiety i1s probably involved In the
Inticbolinesterase activity of this antibiotic.

Results

Facilitative effect of neostigm®

The administration of neostigmine pr0;
duced an Increase In the amplitude
muscle contraction. When neostigmine
was repeatedly iInjected, the facilitative
effect progressively increased (Fig. o
Table 1). ’
Combined effect of colistin and neo”
stigmine. Colistin produced a sligfy
decrease In the amplitude of muscul®

Fig. 2. Facilitative effect of neostigmine. A gatae
pig weighing 500 g was used. Muscular contraction

the tibialis anterior was eliciled by threshold
tion of the sciatic nerve, once every second. In A, B, at

C, thrée successive doses of neostigmine (30 AS
Intravenously) were administered. The strengtb of

muscular contraction increased progressively mit

peated doses. Time, 1 min.
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Table 1. Increase of muscular contrac-
tion produced by neostigmine*

Increase In contrac-

No. of doses tion (fold)
1 0.14 + 0.01
9 1.65 £ 0.18
3 3.85 £ 041

‘Without neostigmine, contraction was 29.4 £ 4.3 mm.

contraction (Fig. 3) equivalent to 115 +
1.8% of the control contraction. This
Inhibitory effect began 5 min after the
Intravenous administration of the drug
and reached the peak of its effect after
a period of 25 to 30 min.

When neostigmine was administered
only 5 min after the injection of colistin,

P.30

10:10

P.30

10:20

Fig. 3. Inhibition of tbe facilitative effect of neostig-
mine by colistin. A guinea pig weigbing 490 g was used.
Muscular contraction of tbe tibialis anterior was elicited

by tbreshold stimulation of tbe sciatic nerve, once every
second. (A) Intravenous injection of colistin (250 mg/kg).
(B,C,D) Tbree successive intravenous doses of neostig-
mine (30 ug/kg). Tbe facilitative effect of the muscular
contraction produced by neostigtnine was completely

prevented by colistin.

247

almost no antagonism was observed.
When the administration of neostigmine
was repeated at 10-min intervals, how-
ever, the facilitative effect of neostig-
mine was reduced (Table 2). If the
first dose of neostigmine was adminis-
tered 30 min after colistin, a weak
antagonism was still observed. How-
ever, with the third dose of neostigmine
(50 min after colistin) there was no
facilitative effect, and complete antago-
nism was observed. After colistin had
been ad inistered for 2 hr, Its antago-
nista effect against neostigmine began
to disappear and was over after 3 hr

(Fig. 4).
Discussion

The results demonstrate that colistin,
In high dosage, can entirely antagonize
the facilitative effect of neostigmine on
the contraction of striated muscle, and
that 1t can block the cumulative effects
of neostigmine. It I1s well known that,
although neostigmine can directly stimu-
late the cholinergic receptors of the
motor end piate, its principal action Is
to Inhibit cholinesterase, which In turn
permits a larger number of acetylcho-
line molecules to act on the receptors
for a longer period.

At first glance It may be assumed
that If a certain colistin,
blocks cholinesterase i1t would sum Its
effects with those of neostigmine. The

Table 2. Antagonism of colistin on the fa-
cilitative effect of neostigmine

: Interval Increase of the
Series '30- O bStween  muscular con-
0S€5 drugs*  traction (fold)
min
| 1 5 0.13 + 0.01
2 15 1.21 + 0.13
3 25 2.48 + 0.28
1 1 30 0.11 + 0.01
2 40 0.05 + 0.01
3 50 0

‘Neostigmine was administered at the indicated Inter*
vals after the administration of colistin.
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Fig. 4. Recuperaron of the facilitative effect of
neostinmine. A guinea pig weighing 480 g was used.
(Detalls of the preparation as in Fig. 3). (A) Intravenous
Injection of colistin (250 mg/kg). (E,C,D) Three sucees-

sive doses of neostigmine (30 ng/kg) given 45(B), 150(C),
and 170(D) min after colistin.

present data show, on the contrary,
than antagonism Is produced.

The particular design of the present
work leaves only a narrow margin for
Interpretation and hypothesis. From a
previous Investigation (de Naranjo and
Naranjo, 1964) and other papers. (Adam-
son et al., 1960; Schwartz et al., 1960),
as well as from the present experiments,
we concluded that colistin: (1) acts di-
rectly on the striated muscle (since It
IS capable of inhibiting the muscular
contraction elicited by direct stimula-
tion of the fiber); (i) acts also at the
level of the neuromuscular junction,

partly blocking the motor end piate re-
ceptors; and (i11) blocks cholinesterase
activity.

The conjugation of colistin with cho-
linesterase was slow, reaching its maxi-
mum, under the conditions of the present
experiments, after 25 to 60 min. This
reaction appears to be irreversible or
only slowly reversible. This might ex-
plain why the facilitative action of neo-
stigmine was not antagonized when It
was given only a few minutes after the
colistin.  Neostigmine conjugates with
cholinesterase more quickly and more
selectively than does colistin. On the
other hand, when enough time has
elapsed, the antagonism of the two drugs
may be complete and long lasting. |If
colistin acts only by blocking cholin-
esterase, without avoiding the action of
acetylcholine on the motor end piate
receptors, It should produce a facilita-
tive effect on the muscular contraction
similar to that produced by neostigmine.

The slow and delayed anticholines-
terase activity of colistin was also
demonstrated In a previous communica-
tion (de Naranjo and Naranjo, 1964), In
which the potentiation of the neuromus-
cular blockade by succinylcholine was
described. This effect also appeared
after 20 min or more of latency.

The succinylcholine effect Increased
not only In intensity but particularly In
duration. In fact, the duration of the
blockade was Increased 15.3 times, a
phenomenon that necessarily must be
due to the long-lasting blocking effect
of colistin on the cholinesterase activity.

On basis of the Investigations carried
out by McCarthy and Chenoweth (1962),
INn which they demonstrated that a series
of polyglycol diamine compounds pro-
duced curarelike effects, It Is possible
to attribute the anticholinesterase ac-
tivity of colistin to one or both Kinds
of the following molecular moieties:
NH2(H2)2,CH-NH-CO-CH(CH2)2NH2 and
(CHs)2CH-CH2-CH-NH-CO-CH-(CH2)2NH.

Polymyxin E 1Is considered to be the
same substance as colistin (Wilkinson,
1963), and Cohen, Purdy, and Kushnick
(1954) have shown that polymyxin B, an
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antibiotic closely related to colistin, Is
able to Inhibit the esterase activity ol
several microorganisms. Moreover,
Mohan and Pianotti (Bacteriol. Proc.,
p. 99, 1960) observed that colistin at a
certain dose level inhibited the oxidative
metabolism of 2-keto-gluconate, acetate,
and oxalate but not of glucose, and
Mohan et al. (1962) concluded that the
most sensitive site of action of this
antibiotic In Pseudomonas aeruginosa IS
at the acétate level.

Our findings confirm the observation
that colistin has a long-lasting anti-
esterase activity, and suggest that the
mechanism of antibiotic action may be
ascribed at least in part to 1t. Another
possible mechanism which has been de-
scribed by Mohan and Pianotti (Bacteriol.
Proc., p. 99, 1960) and others (Newton,
1953; Few, 1954; Valentini et al., 1958)
suggests some alteration of the
brane permeability and leakage of cyto-
plasmic materials such as Inorganic
phosphate, sugars, and proteins.
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