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Reduction by dithiothreitol (DTT, 1mMm) of the dis-
ulphide linkage associated with the active site of the
cholinoceptors at motor endplates has no effect on the
maximum response but produces an approximately 4
fold decrease in the effectiveness of acetylcholine
(ACh) and carbachol (Bleehen, Clark & Hobbiger,
1978). This result was obtained on the isolated frog
(Rana temporaria) rectus abdominus muscle
suspended in a glass organ bath (not connected to a
fluid reservoir) containing oxygenated frog Ringer, pH
8.4 at 21°C (Method 1). When a fluid reservoir was
linked to the organ bath by polyvinylchloride (PVC)
tubing (Method 2), incubation of the muscle withDTT
(Imm) for 30 min reduced the maximum response to
ACh and greatly reduced the effectiveness of ACh.
Dose ratios after DTT and based on the effects of
ACh in the lower effective concentrations ranged
between 93—1243 (mean 561 + 188 (s.e. mean) n = 6).
The effect of DTT treatment was reversed by the ox-
idizing agent dithiobisnitrobenzoic acid (DTNB) and
DTT treatment had little effect on potassium
responses. Comparison of responses to ACh (in the
absence of DTT treatment) obtained in the all glass
system (Method 1) with those obtained by Method 2
showed there to be a non-parallel shift to the right of
the log dose response curve to ACh in experiments
using Method 2.

Since plasticizers in PVC tubing are known to con-
taminate biological fluids and to interfere with
responses of tissues (Duke & Vane, 1968; Ono, Tat-
sukawa & Wakimoto, 1975; Rosseel & Bogaert,
1976), their possible involvement was investigated.
Until recently the major components of PVC tubing
were the two stabilizers Lankro Q152 and Abrac A
and the plasticizer Citroflex A4 (acetyl tri-n-butyl
citrate). Testing these substances (kindly supplied by
Portex Ltd) showed the first two to have no effect on
the frog rectus preparation. However, when Citroflex
was added to the Ringer solution in a concentration of
2.7 x 10=% M (1/100,000 dilution) or greater, the
maximum response to carbachol was reduced and the
effect of DTT was enhanced. Both effects were rever-
sed by washing. Citroflex, in concentrations which
reduced the maximum response to carbachol by 98%,
had no effect on caffeine induced contractions. In cur-
rent PVC tube production, Citroflex has been replaced
by a phthalate plasticizer. This has resulted in a
product which was found not to interfere with res-
ponses to carbachol or the action of DTT upon it.

Plastic tubing is often present in the equipment used
for studies on cholinoceptors at motor end plates and
this type of interaction might account for variation
between results obtained in different laboratories.
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Dithiothreitol (DTT) by reducing a disulphide bond at
the anionic site of the cholinoceptor lowers the affinity
of acetylcholine and acetylcholine-like drugs for the
cholinoceptor at the neuromuscular junction (Rang &
Ritter, 1971; Bleehen, Clark & Hobbiger, 1978). This
could be potentially useful in the prevention and treat-
ment of anticholinesterase poisoning. We, therefore,
studied the effect of DTT (ImM) on the action of the

organophosphate anticholinesterase paraoxon
(diethyl-4-nitrophenyl phosphate) on the rat isolated
phrenic nerve-diaphragm preparation (Biilbring, 1946)
stimulated indirectly at 0.2 or 50 Hz.

In the absence of an anticholinesterase, treatment of
the preparation for 30 min with DTT had no signifi-
cant effect on twitch height (n = 7) but reduced tetanic
tension to 86.1 + 2% (s.e. mean) (n = 15) of its initial
level.

Treatment of the preparation with paraoxon (2um)
produced twitch potentiation which reached a
maximum in 15 min (peak tension 352 + 18% of pre-
paraoxon tension; n = 6) and then declined (twitch
tension after 30 min 221 + 18%; = 6). Following
DTT treatment for 30 min the response to paraoxon
(2uM) was delayed in onset, the peak effect was
reduced (peak tension 272 + 22%, n = 7) and there
was no subsequent decline of the potentiation.
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Treatment of the preparation with paraoxon (50um)
produced twitch potentiation (peak tension 325 +
30%; n = 7) more rapidly than did 2um, and the
potentiation rapidly declined (twitch tension after 30
min 140 + 21%; n = 7). Following DTT treatment for
30 min the response to paraoxon (50uM) was reduced
(peak tension 234 + 12%; n = 8) and the tension after
30 min was 203 + 9% (n = 8).

In the absence of DTT paraoxon (2uM) initially
produced a notch in the tetanic response and subse-
quently a tetanic fade, which is also characteristic of
other anticholinesterases (Blaber & Bowman, 1963).
After DTT treatment of the preparation for 30 min
paraoxon (2pMm) failed to produce the notch in the
tetanic response. Reactivation of the phosphorylated
acetylcholinesterase by N,N-tri-methylenebis (pyridi-
nium-4-aldoxime) (TMB-4, 2uM) in paraoxon treated
diaphragms produced a recovery of the tetanic
response which passed through a phase where the
response had a typical notched appearance. This was
not the case in preparations treated with DTT before

paraoxon.

These results indicate that if a disulphide reducing
agent with a sufficiently high selectivity for
cholinoceptors at the neuromuscular junction can be
found, such a drug might be of some use in the protec-
tion against and treatment of anticholinesterase
poisoning.

References

BLABER, L.C. & BOWMAN, W.C. (1963). Studies on the
repetitive discharges evoked in motor nerve and skeletal
muscle after injection of anticholinesterase drugs. Br. J.
Pharmac., 20, 326-344.

BLEEHEN, TIRZA, CLARK, AMANDA & HOBBIGER, F.

. (1978). Poster communication this meeting, P.17.

BULBRING, E. (1946). Observations on the isolated phrenic
nerve diaphragm preparation of the rat. Br. J. Pharmac.,
1,38-61.

RANG, H.P. & RITTER, J.M. (1971). The effect of disulfide
bond reduction on the properties of cholinergic receptors
in chick muscle. Mol. Pharmac., 7, 620-631.

Comparison of the autonomic effects of
some currently-used neuromuscular
blocking agents

R.J. MARSHALL & J.A.O. OJEWOLE

Department of Physiology and Pharmacology, University
of Strathclyde, 204 George Street, Glasgow G1 1XW

Although the tachycardia produced by many
neuromuscular blocking agents has been ascribed to a
‘vagolytic’ action of the drugs (Hughes & Chapple,
1976), there is now some evidence that the tachycar-
dia produced by pancuronium may also involve a
sympathetic component (Ivankovitch, Miletich,
Albrecht & Zahed, 1975; Docherty & McGrath,
1977). The object of the present studies in isolated
electrically driven guinea pig left atria (2Hz, Sms,
32°C) was to quantitatively assess the cardiac
muscarinic receptor antagonist potencies of a series of
neuromuscular blockers and in addition to investigate
whether they were able to modify the cardiac f,-
adrenoceptor stimulating actions of (—)-noradrenaline
and (—)-isoprenaline. The neuromuscular blockers in-
vestigated were (+)-tubocurarine, pancuronium,
fazadinium, chandonium and NC 45, a monoquater-
nary analogue of pancuronium (Durant, 1978).

In isolated electrically-driven left atrial preparations
taken from reserpinised guinea pigs, all the
neuromuscular blockers tested antagonised the
negative inotropic actions of pilocarpine and
acetylcholine. The mean pA, values obtained were:
chandonium, 7.4 +0.2, pancuronium, 7.0+ 0.1,

fazadinium, 6.3 + 0.2, (+)-tubocurarine, 5.2 + 0.4 and
NC 45, 4.6 +0.2. Analysis of the Schild plots
suggested that the antagonism was competitive except
in the case of (+)-tubocurarine. Under the same ex-
perimental conditions (32°C, 20 min contact time)
atropine had a pA, of 8.8+ 0.1. All the
neuromuscular blocking agents also antagonised the
effects of ACh on guinea pig ileum but had a signifi-
cantly lower affinity for muscarinic receptors in this
preparation than those in the atria. Atropine had a
similar pA, in ileum (8.6 + 0.2) to that obtained in
atria.

In order to assess effects on the cardiac sympathetic
neuro-effector junction, the ability of the
neuromuscular blockers to modify the positive in-
otropic actions of (—)-noradrenaline and (-)-
isoprenaline were investigated in guinea pig left atria
incubated with atropine (1 pg/ml) and were compared
with the standard neuronal uptake inhibitor, cocaine.
Cocaine (3 pg/ml) significantly potentiated the effects
of (—)-noradrenaline (8—12 fold shift to the left) but
left those to (—)-isoprenaline unaffected. Similar
effects were observed with pancuronium (0.5-20
ug/mi) chandonium (1-10 ug/ml) and fazadinium (>5
ug/ml). In contrast (+)-tubocurarine (20 pug/ml) and
NC 45 (10 pug/ml) did not affect the responses to either
noradrenaline or isoprenaline.

These results suggest that some currently used
neuromuscular blocking agents can selectively poten-
tiate the cardiac actions of noradrenaline, an action
which may be due to blockade of neuronal uptake
mechanisms (Docherty & McGrath, 1977). NC 45
would seem to warrant further investigation since it
clearly has little effect on either atrial muscarinic
receptors or on cardiac responses to noradrenaline.
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