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THE LOCAL ANAESTHETIC

ACTIVITY OF A BENZOTRIAZINIUM SALT

A.M. FRENCH, M.T. KHAN" & N.C. SCOTT

Pharmacology Section, Pharmacy Department, Heriot-Watt University, Edinburgh

1 The local anaesthetic properties of 2-n-propyl-4-p-tolylamino-1,2,3-benzotriazinium iodide
(TnPBI) were compared with those of lignocaine hydrochloride on intact and desheathed sciatic
nerves of the frog, on the phrenic nerve-hemidiaphragm preparation of the rat, and by the intradermal

wheal test in the guinea-pig.

2 Both TnPBI and lignocaine were more potentron desheathed than on intact sciatic nerves. The
potency of TnPBI was affected more than that of lignocaine by the presence of the sheath in

intact nerves.

3 Both drugs inhibited conduction in the rat phrenic nerve, as shown by the reduction in twitch
tension of the diaphragm elicited by nerve stimulation. TnPBI also caused an initial augmentation
of the twitch tension of the diaphragm when applied directly to the muscle.

4 TnPBI was shown to be approximately twice as potent as lignocaine by the guinea-pig intrader-

mal wheal test.

5 These results are discussed in view of the known effects of TnPBI on intracellular calcium storage.

Introduction

A novel series of alkylated 1,2,3-benzotriazinium
iodides was synthesized by Stevens & Stevens (1970).
These compounds have a variety of actions on many
isolated tissues, including the ability to cause contrac-
tures of the frog rectus abdominis and chick biventer
cervicis muscles (Cull & Scott, 1973). These contrac-
tures are not mediated via cholinoceptors, but almost
certainly result from an intracellular release of cal-
cium ions from the sarcoplasmic reticulum and mito-
chondria (Muir & Scott, 1977). It was also noted by
Cull (1972), that the benzotriaziniums possess local
anaesthetic activity, and this paper compares the local
anaesthetic properties of one of these compounds,
2-n-propyl-4-p-tolylamino-1,2,3-benzotriazinium
iodide (TnPBI), with those of lignocaine.

Methods
Frog sciatic nerve

Sciatic nerves of Rana temporaria were used, either
intact or desheathed. Stimulation of the nerves and
recording of the compound action potentials were
carried out by conventional techniques in a humidity
cabinet. All experiments were performed at room tem-
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perature (18 to 22°C). The Ringer solution used had
the following composition, (mm): NaCl 111, KCI 1.9,
CaCl, 1.1, NaHCO; 2.4 and NaH,PO, 0.33. When
gassed with air the Ringer had a final pH of 7.25
at 20°C. The nerves were stimulated antidromically
by a Grass stimulator (model S48) through a Grass
radio frequency stimulus isolation unit (model SIUS5)
at a frequency of 5 Hz, pulse width 0.1 ms and supra-
maximal voltage (50% above maximum). Action
potentials were rendered monophasic, (by crushing
the nerve between the recording electrodes) and dis-
played on a Tektronix dual beam oscilloscope (model
502A). Test solutions were added to a perspex cup,
situated between stimulating and earth electrodes,
volume 0.2 ml, through the top of which a ‘V’ shape
notch was cut which enabled the nerve to pass
through the meniscus of the solution. In intact nerves,
the evoked action potentials were measured at 5 min
intervals for 25 min and in desheathed nerves at 1
min intervals for 3 to 4 minutes. Control experiments
were performed in which drug-free Ringer solution
was applied to the nerve.

The ability of drugs to cause depolarization of
desheathed nerves was measured (with minor modifi-
cations) by a sucrose gap technique developed by
Stampfli (1954). A three-chambered perspex bath was
constructed with interconnections between the
chambers, each of 2 ml volume, through which the
nerve was passed and secured at each end. The inter-
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connecting holes were sealed with petroleum jelly and
the chambers were then perfused with appropriate
solutions by gravity inflow and suction outflow at
10 ml/minute. Depolarization was measured with Ag/
AgCl electrodes embedded in agar-Ringer and
encased in plastic 1 ml syringe barrels in contact with
the fluid in the two outer chambers. The electrodes
were connected via a Grass P16 DC preamplifier to
a Washington Oscillograph (Model 400 MD?2). Iso-
tonic sucrose solution (246 mM) in deionised water
was passed through an Elgastat B125 cartridge
deioniser giving a solution with a specific resistance
greater than 2 MQ cm. This was perfused through
the central chamber. Each preparation was left for
1 to 2 h to stabilize, after which test solution was
perfused into one of the side chambers and any
changes in electrical potential recorded. Control
depolarizations were elicited by perfusion with 20 mm
potassium chloride for periods of 2 min, while both
lignocaine and TnPBI were perfused for periods of
15 minutes.

Rat phrenic nerve-hemidiaphragm preparation

Phrenic nerve-hemidiaphragm preparations were dis-
sected out from adult albino rats of either sex and
mounted in a tissue bath comprising four intercon-
necting chambers: the main chamber (10 ml) housed
the muscle tissue while the phrenic nerve was care-
fully passed through a 1 mm hole in the side of the
chamber and through a series of three chambers (each
of 0.3 ml volume). The holes between all four
chambers were then sealed with petroleum jelly. The
muscle tissue was fixed on platinum hooks which also
served as electrodes for direct muscle stimulation. The
two outer chambers of the nerve bath each held a
pair of 20 SWG platinum wire stimulating electrodes
spaced 2 mm apart. The central nerve chamber was
used to apply drug solutions to the nerve, while the
two outer chambers were perfused with aerated
Ringer solution. Thus the nerve could be stimulated
at points proximal or distal to the drug solutions.

All four chambers were initially perfused (by gra-
vity inflow and suction outflow) with a modified
Krebs solution of the following composition (mm):
NaCl 130, KCl 54, CaCl, 2.5, MgSO, 1.18, KH,PO,
1.1, NaHCO; 12.5 and glucose 11.1. When gassed
with 95% O, and 5% CO,, the solution had a pH
of 7.20 at 20°C. All experiments were performed at
room temperature (18 to 22°C) which prolonged the
life of the tissue. Preparations were discarded in
which the initial responses to distal and proximal
nerve stimulation were different; shocks were deli-
vered at supramaximal voltage, 0.2 ms duration and
frequency 0.2 hertz. Control twitches of the dia-
phragm (measured with a Ugo Basile semi-isometric
transducer and recorded on a Hewlett-Packard twin-

channel recorder, model 7712) were obtained to distal
stimulation for at least 30 min before drug solutions
were introduced and, when reductions in twitch
height occurred, brief periods of proximal stimulation
were intermittently applied to ensure that the muscle
was still able to produce a maximal response. In all
experiments, the drugs were left in contact with the
nerve until complete block was observed. The activity
of the drugs was estimated by measuring the percent-
age reduction per minute of the magnitude of the
twitch response.

Guinea-pig wheal

The technique of Biilbring & Wajda (1945) was used.
Guinea-pigs of either sex, weighing 500 to 700 g were
depilated 24 h before injection by clipping, shaving
and then applying a depilatory cream. Four intrader-
mal injections were made in each animal, two in the
middle of the back and two over the hind quarter
region, of low and high doses of lignocaine and of
TnPBI. All possible combinations of drugs were in-
jected in these areas. The applied stimulus to the in-
jected areas was a pin prick delivered by a hand-held
sharp needle. The scoring method was as described
by the Edinburgh University Staff (1970). TnPBI was
supplied by Dr M.F.G. Stevens of the University of
Aston in Birmingham. Lignocaine hydrochloride was
purchased from Willows Francis Ltd.

Results
Frog sciatic nerve

Local anaesthesia was measured as the mean percent-
age reduction per minute of the control action poten-
tial amplitude over 25 min drug contact. Table 1 com-
pares lignocaine and TnPBI on both desheathed and
intact sciatic nerves. In intact nerves, lignocaine and
TnPBI had very similar rates of action at a concen-
tration of 1 x 1073 m (Figure 1). Recovery times,
however, were very different; in the case of lignocaine
(1 x 1073 M), after complete block, 80% recovery
occurred within 45 min of washing but after TnPBI
(1 x 1073 M) only 60% recovery was seen 3 h later.

In desheathed nerves both TnPBI and lignocaine
were more potent than in intact nerves. The activity
of both compounds was increased up to 10 fold, and
recovery times were considerably shorter than in in-
tact nerves (after lignocaine, recovery was almost
complete within 10 to 15 min and after TnPBI 90%
recovery occurred within 1 h of washing). Again simi-
lar rates of action were measured with the drugs at
a concentration of 1 x 1073 m.

Desheathed sciatic nerves mounted in the sucrose
gap apparatus could be reversibly depolarized by the
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Table 1 The effect of desheathing on the potency of lignocaine and TnPBI on frog sciatic nerve action
potentials
Intact nerve Desheathed nerve
Drug n % reduction per min Drug n % reduction per min
Control 12 0.1 £ 0.01 Control 7 17 £ 05
Lignocaine (M) Lignocaine (M)
1x10°3 10 29 +01 25x1074 4 1156 £15
25x1073 11 6.5 + 0.3 5x1074 6 174 + 1.6
5x1073 10 101 + 05 1x1073 7 286 +1.7
TnPBI (m) TnPBI (m)
5x1074 8 25 + 01 25x1074 6 162 £ 1.7
1x10°2 15 27 £ 01 5x1074 6 207 £+ 1.3
25x1073 8 35 + 01 1x1073 7 251 +1.8

All values are the means of the number of experiments performed (n) together with the standard error

of the means.
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Figure 1 Comparison of the time course of the

activities of 2-n-propyl-4-p-tolylamino-1,2,3-benzo-
triazinium iodide (A) and lignocaine (@) on frog
intact sciatic nerve; 1 x 10-3 M solutions of both
drugs were applied at arrow; (Ill) control responses.
Vertical bars represent s.e. means: n = 12 for control,
15 for TnPBI and 10 for lignocaine (separate
nerves).

application of KCI (20 mm). Lignociane (1 x 1073 m)
caused little or no depolarization by itself, but
reduced KCl-induced depolarizations by approxi-
mately 25%. TnPBI (1 x 1073 M) produced a slight
depolarization, and reduced the responses to KCl by
about 75% (Table 2).

Rat phrenic nerve-hemidiaphragm

Both TnPBI and lignocaine applied to the phrenic
nerve caused an irregular, ‘stepped’, progressive
reduction of the muscle twitches to distal stimulation
but did not affect the responses when the nerve was
stimulated proximally, indicating nerve block between
the electrodes. Table 3 summarizes their activity on
this preparation.

Whenever TnPBI was added directly to the muscle
bath an initial increase of about 5% in height of
twitch responses was seen lasting for 5 to 10 min
and followed by depression. Augmentation occurred
either when the muscle was stimulated directly (in
the presence of (+)-tubocurarine, 1 x 1075 M, suffi-
cient to abolish the responses to nerve stimulation)
or when the phrenic nerve was stimulated. However,
the subsequent depression of responses was smooth
when the muscle was stimulated directly, in contrast
to an irregular, stepwise pattern when the muscle was
stimulated via the phrenic nerve. Both TnPBI and
lignocaine were more potent in reducing twitch ten-
sion when added to the muscle bath compared with
their application to the nerve; for example 5 x 107 °m
TnPBI in the muscle bath caused 6.7% reduction per
min whilst 5 x 107* M in the nerve bath caused 4.7%,
reduction per minute. Lignocaine (1 x 10~* m) added
to the muscle bath caused 5.4% reduction per min
whilst 1 x 1073 M in the nerve bath caused 5.6%
reduction per minute.
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Table 2 The effect of TnPBI and lignocaine on potassium chloride-induced depolarization of frog

desheathed sciatic nerve

A B (o D
(mV) (mV) (mV) (C/A x 100)
Lignocaine
1x1073m 1772 + 406 060 + 024 1276 +3.05 7479 +8.7
n=5
TnPBI
1x1073%m 1416 +1.77 5.18 + 0.63 356 + 066 26.69 + 4.03
n=11

All values are means of n observations + s.e. mean.

A = pre-drug depolarizations to 20 mm KCI; B = drug-induced depolarization; C = post drug depolarization
to 20 mm KCI; D = C values expressed as % of A values.

Guinea-pig wheal

The results from 8 guinea-pigs used in this experiment
indicated that TnPBI was approximately twice as
active as lignocaine. TnPBI, 0.83 and 2.5 x 1073 M,
caused 41 and 589, anaesthesia respectively, while lig-
nocaine, 1.67 and 5.0 x 1073 M, caused 39 and 62%,
anaesthesia respectively. The mean potency ratio was
1.88 (95% confidence limits, 1.33 to 2.59).

Discussion

TnPBI was shown to have considerable local anaes-
thetic activity on all three preparations used. Removal
of the epineurium from frog sciatic nerve increased
the potency of both TnPBI and lignocaine by a factor
of about ten, indicating that the epineurium presents
a considerable barrier to the penetration of both com-
pounds. The effect of lignocaine is concentration-
related on both intact and desheathed sciatic nerves
whereas only after removal of the sheath was such
a relationship apparent with TnPBI. It is possible that
some lipid component of the epineurium impedes the

penetration of TnPBI to the active nerve membrane
and the time course of the recovery process further
suggests this possibility; TnPBl-treated nerves
required about four times as long to recover as the
equivalent lignocaine-treated nerves. It is possible
that a lipid component of the epineurium acts as a
reservoir for TnPBI, which is highly lipid soluble
(Cull & Scott, 1973), thus maintaining an effective
blocking concentration round the active membrane.

The majority of local anaesthetics cause block of
conducted impulses without a significant change in
the membrane resting potential (Bennett & Chinburg,
1946). This was confirmed for lignocaine in the
present study by its application to frog desheathed
sciatic nerve using the sucrose gap technique. How-
ever, lignocaine did show some signs of antagonism
towards KCl-induced depolarizations. TnPBI applied
to the nerve did cause a slight depolarization and
greatly reduced subsequent KCl-induced depolariza-
tions. Fleckenstein, Hille & Adam (1951) observed
that calcium, applied to the desheathed nerve, anta-
gonizes KCl-induced depolarizations. It may be that
TnPBI releases calcium from intracellular binding
sites giving rise to a high local concentration adjacent

Table 3 Nerve conduction block by TnPBI and lignocaine in rat phrenic nerve-hemidiaphragm preparation

Drug n

Lignocaine (M)
25x107¢
50x1074
1.0x10°°

TnPBI (M)
25 x1074
50x1074
1.0x1073

[ NNl

DO W

% reduction of twitch
response per min

38 +£0.2
7.8 + 03
286 + 3.8

1.8
4.7
5.6

M H
coo
pOIN

All values are the means of the number of experiments performed (n) together with s.e. means.



to the axon membrane which then inhibits the effect
of KCl. Of interest is the suggestion by Muir & Scott
(1977) that TnPBI may cause contractures in frog ske-
letal muscle by a release of intracellular calcium.

The initial augmentation of muscle twitch size seen
when TnPBI was directly applied to the diaphragm
resembled the effect of quinidine on frog sartorius
muscle (Lammers & Ritchie, 1955) and attributed by
these authors to a prolongation of the time course
of the active state of the muscle. TnPBI also increases
the contraction time of the twitch fibres of the frog
rectus abdominis muscle (C.K. Muir, personal com-
munication). Augmentation may alternatively result
from an increase in the duration of action of the
released transmitter substance; Steinbach (1968),
observing that lignocaine caused an increase in the
duration of the endplate potential, suggested that this
may be due to prolonged conductance changes caused
by the transmitter in the presence of lignocaine. It
appears that the augmentation observed on addition
of TnPBI to the muscle chamber is due to an effect
on the muscle itself or to an action on the prejunc-
tional nerve terminals, since no such augmentation
occurred when applied to the nerve.

The ‘stepped’ block of muscle twitch tension seen
with TnPBI or lignocaine added to the phrenic nerve
suggests the successive blockade of individual axons
or axons of similar sensitivity to both agents. Since
each nerve axon supplies a number of muscle fibres,
failure of conduction in groups of axons could
account for the irregular reduction in muscle twitch
tension. A similar pattern of blockade was observed

References

BENNETT, A.L. & CHINBURG, K.G. (1946). The effects of
several local anesthetics on the resting potential of iso-
lated frog nerve. J. Pharmac. exp. Ther., 88, 72-81.

BULBRING, E. & WAJDA, 1. (1945). Biological comparison
of local anesthetics. J. Pharmac. exp. Ther., 85, 78-84.

CULL, G.A.G. (1972). The pharmacology of some 1,2,3-ben-
zotriazines Ph.D. Thesis, Heriot-Watt University.

CULL, G.A.G. & SCOTT, N.C. (1973). Structure-activity rela-
tionships in some series of 2-alkyl-1,2,3-benzotria-
zinium compounds. Br. J. Pharmac., 47, 819-826.

EDINBURGH UNIVERSITY STAFF (1970). Pharmacological
Experiments on Intact Preparations. Edinburgh and
London: E. & S. Livingstone.

FLECKENSTEIN, A, HILLE, H. & ADAM, W.E. (1951). Auf-
hebung der Kontraktur-Wirkung depolarisierender
Katelektrotonika durch Repolarisation im Anelec-
tronus. Pflug. Arch. Ges. Physiol., 253, 264-282.

FRENCH, A.McK. & SCOTT, N.C. (1977). A benzotriazinium
salt as a potential antiarrhythmic agent. Br. J. Phar-
mac., 61, 131-132P.

GALINDO, A. (1971). Procaine, pentobarbital and halo-

B.J.P. 63/3—E

LOCAL ANAESTHETIC EFFECT OF TnPBI 479

when either TnPBI or lignocaine was applied directly
to the muscle bath; however, the concentrations of
both drugs required to produce such blocks were ap-
proximately one-tenth of those required when applied
to the phrenic nerve. Because of the aforementioned
increase in potency on desheathed nerves, TnPBI and
lignocaine when applied directly to the muscle bath
might act on the fine nerve axons near the neuro-
muscular junction, which have neither epineurium
nor insulating myelin (Galindo, 1971). If this were so
then the ‘stepped’ block indicates a true local anaes-
thetic effect on the nerve axons rather than a post-
synaptic effect. This suggestion is supported by the
observation that when TnPBI was applied at higher
concentrations to directly stimulated, curarized hemi-
diaphragm preparations, reduction of twitch tension
was smooth and not stepped.

Further evidence of a local anaesthetic action of
TnPBI comes from the experiments performed on the
guinea-pig wheal preparation; although further work
obviously needs to be done in this direction, the evi-
dence suggests that TnPBI is approximately twice as
potent as lignocaine in the intact animal.

It is well known that many substances with local
anaesthetic activity have antiarrhythmic effects on
cardiac muscle. Such effects of TnPBI are currently
being investigated, and preliminary experiments indi-
cate that the compound prolongs the action poten-
tials of guinea-pig atrial and ventricle cells (French
& Scott, 1977). This property is one which may be
of value in the reversal of certain types of cardiac
arrhythmia.

thane: effect on the mammalian myoneural junction.
J. Pharmac. exp. Ther., 177, 360-368.

LAMMERS, W. & RITCHIE, J.M. (1955). The action of
quinine on the contractions of striated muscle. J. Phy-
siol., 129, 412-423.

MUIR, C.K. & SCOTT, N.C.(1977). Comparison of the effects
of caffeine and a 2-alkyl-1,2,3-benzotriazinium iodide
on frog rectus abdominis. Br. J. Pharmac., 60, 375-378.

STAMPFLI R. (1954). A new method for measuring mem-
brane potentials with external electrodes. Experientia,
10, 508-509.

STEINBACH, A.B. (1968). Alteration of xylocaine (lidocaine)
and its derivatives on the time course of the end-plate
potential. J. gen. Physiol., 52, 144-161.

STEVENS, H.N.E. & STEVENS, M.F.G. (1970). Triazines and
related products. Part III Synthesis and rearrangement
of 3,4-dihydro-4-imino-1,2,3-benzotriazines. J. chem.
Soc. (C), 765-771.

(Received November 11, 1977.
Revised February 6, 1978.)



