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In-vitro Investigation of a New Neuromuscular

Relaxant, AH8165

P. Thomas Hiser, D.D.S.,* Kenneth L. Dretchen, Ph.D.,} Gustav O. Kruger, D.D.S.1

AHB165 was ed with other
lar relaxants in an in-citro rat phrenic nerve—
diapl i Ci i of 6-10
pg/ml AHS165 produced ive d in

p e
strength of concentration. AH8163 was 0.1 times as
potent as d-tubocurarine, and its effects were more
rapidly reversed by washing. The times to recov-
ery from 90 per cent blockade were the same for
succinylcholine and AHS8165, but the time to
recovery from 50 per cent blockade was shorter for
succinylcholine than for AHS8165. Neostigmine
reversed blockade induced by d-tub ine to 80
per cent of control, while it reversed comparable
blockade induced by AH8165 to only 40 per cent
of control. Doses of 0.5 to 2 g AH8165 produced

contracture and increased the force of contraction .

of the superfused chick biventer cervicis muscle
preparation. Doses of 8 to 32 ug produced de-
creased contracture followed by diminution of the

h of ion. The auth Tude that
AHBI165 in low ions has a depolarizing
action, which is ob d by depolarizi

effects in higher concentrations. (Key words:
Neuromuscular relaxants: AH8165.)

AHS163, a 1,1'-azobis-arvlimidazo-[1,2-a]-py-
ridinium derivative (fig. 1), has been released
in Great Britain for clinical trials as a
neuromuscular relaxant. Data from investiga-
tions in vito in cats, mice, and chicks indi-
cate that the drug is a rapid-acting, non-
depolarizing, neuromuscular relaxant with a
short duration of action. At effective neuro-
muscular blocking doses AH8165 produces
minimal cardiovascular effects. and blockade
is readily reversible with neostigmine.'”®
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F1G. 1. Chemical structure of AH8165.

In-vitro investigations of this drug seem to
be lacking. The ED;, of AH8165 has been
compared with those of gallamine, pan-
curonium, and succinylcholine in various
nerve—muscle preparations,? and Post et al.
reported a depolarizing action of the drug at
doses lower than those needed to produce
neuaromuscular blockade.® However, no at-
tempt has been made to compare the onset of
action of and rate of recovery from AH8165
with those of other neuromuscular relaxants.
In addition, there has been no in-vitro com-
parison of neostigmine reversals of AH8165
and d-tubocurarine.

The purposes of the present study were to
describe the dose-response curves for
AHS165, to establish time to oumset and
duration of action of AHS8163, to compare
AHS165 with d-tubocurarine and succinyl-
choline, and to ascertain whether AHS165 in
low concentrations possesses depolarizing
activity.

Methods and Materials
RAT PHRENIC NERVE-DIAPHRAGM

PREPARATION

Male Sprague-Dawley mats, weighing 100
to 200 g, were decapitated and drained of
blood. The skin was incised along the mid-
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line of the chest and the thorax opened. The
left phrenic nerve was isolated and removed
with the diaphragm. The preparation was
mounted on a muscle holder, the phrenic
nerve placed across platinum electrodes, and
the preparation on its mounting was placed
in an organ bath containing 100 ml of Krebs
solution (composition in grams per liter of
distilled water: NaCl 5.5., KC1 0.35, MgSO, -
7 H,0 0.11. CaCl. 028, KH.PO, 0.16,
NaHCO; 2.1, glucose 4.0). The solution was
maintained at 37 C and bubbled with 95 per
cent oxvgen and 3 per cent carbon dioxide. A
suture from the tendon was attached to a
force-displacement transducer. An initial ten-
sion of 3 g was placed on the muscle. The
nerve was stimulated at a frequency of 0.2 Hz
by pulses 0.1 millisecond in duration and
supramaximal in voltage.

The drugs were studied to determine the
following variables: rate of onset, magnitude
of blockade, und rate of recovery after wash-
ing. In addition, reversibility of blockade by
neostigmine was determined. Drug action
was terminated by flushing the bath twice
with normal Krebs solution. Ten minutes
were allowed to elapse before the addition of
another concentration of drug. Each drug w:
tested on ten diaphragms, and each dia-
phragm served as its own control.

DENERVATED RAT DIAPHRAGM
PREPARATION

Male Sprague-Dawley rats, weighing
90-100 g, were anesthetized with sodium
pentobarbital solution, 30 mg/kg, in-
traperitoneally. A l-em incision was made
through the seventh intercostal space in the
left midclavicular line and the left phrenic
nerve was severed at its insertion into the
diaphragm.

After one week, the rats were sacrificed
and the diaphragm removed in the usual
manner. Stimulation of the nerve remmnant
failed to produce a muscle response. The
muscle was mounted in a bath containing
Krebs solution and stimulated by current
passed between a platinum wire inserted
into the tendon and a platinum electrode in
the rib margin. Pulses 0.1 millisecond in
duration and supramaximal in voltage were
applied at a frequency of 0.2 Hz. Strength of
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C()l\trﬂcti()“ was recorded. \'m’i()lls concentra-
tions of AHS8165 were added to the bath as
before.

CHICK BIVENTER CERVICIS NERVE~-MUSCLE
PREPARATION

The chick biventer cervicis nerve-muscle
preparation® was used to examine the neuro-
muscular effects of AHS8165.

One- or two-week-old chicks were sacrified
with chloroform. The back of the head and
neck was plucked and the skin incised in the
midline from the skull to below the base of
the neck. The biventer cervicis muscles lying
on either side of the midline and im-
mediately below the skin were exposed and
removed. The lower belly of each muscle
was attached to an inferiorly placed station-
arv rod. A suture from the tendon was
passed through a hole in a small cup over the
electrode to a superiorly placed force-
displacement transducer. The small cup over
the electrode was essential for superfusion
becaunse it eliminated the mechanical effect
of the drops of Krebs solution on the mator
nerve. which caused irregular twitching of
the muscle.® An initial force of 1 g was placed
on the muscle. The motor nerve within the
tendon was electrically stimulated at a fre-
quency of 0.1 Hz, with a pulse duration of 0.1
millisecond at supramaximal stimulation,
usually between 20 and 100 volts. These
high voltages were necessary because the
motor nerve lies within the tendon. The
subsequent muscle twitch obtained was re-
corded on a Beckman Dynograph Recorder.
AHS8165 was added to the cup in various
concentrations to determine its effects on the
following modalities: presence of contrac-
ture, magnitude of contracture, presence of
blockade, and magnitude of blockade. Drug
action was terminated by superfusion of
normal Krebs solution. Muscle twitch
was allowed to remain at pre-drug levels for
at least 10 minutes before another concentra-
tion of drug was added. Each dose of AHS165
was tested on ten nerve—muscle prepara-
tions.

The chick biventer cervici
preparation was used to determine whether
in low concentrations AHS81635 possessed any
depolarizing activity. This muscle is com-

nerve—muscle
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posed of two types of fibers, tonic and
fast-twitch fibers.” The fast-twitch fibers pro-
duce a twitch response exactly like that of the
rat diaphragm when electrically stimulated.
The tonic fibers respond to the application of
depolarizing substances with contracture.
The preparation may therefore be used to
test simultaneously for neuromuscular block-
ing activity, as reflected by reduction in the
magnitude of contraction pmduced by neural
stimulation, and for the presence of depolari-
zation, as indicated by contracture®

STATISTICS

Analysis of covariance was employed® to
determine the dose-response relationships
of AHS8165. The EDj;, for neuromuscular
blockade was obtained from the regression
line.

A four-point bioassay, as described by
Finney,? was performed to determine the rela-
tive potencies of AH 8165 and d-tubocurarine.
d-tubocurarine.

Comparisons of the effects of AH8165 with
those of other neuromuscular blocking agents
were made using Student’s t test® for paired
observations. In all cases P = 0.05.

Observations and Results

RAT PHRENIC NERVE—-DIAPHRAGM
PREPARATION

Concentrations of AH81635 of less than 6.0
pg/ml produced 3 to 10 per cent increases in
strength of contraction in some muscle prep-
arations. However, this was not consistent,
and occurred in only half the preparations
tested. Increasing concentrations of AH8163
to 6 to 10 ng/ml produced progressive dim-
inution of the force of contraction. When
maximal blockade was reached, it remained
stable at that level for as long as two hours.
The best-fitting regression line was calculated
(fg. 2) and an ED; of 7.4 pg/ml determined
from it.

The rates of onset to 90 per cent blockade
by AHS8165, d-tubocurarine, and suc-
cinylcholine were compared. AHS165 was
found to have a more rapid onset of blockade
than d-tubocurarine, but a slower onset than
succinylcholine (fig. 3).
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FiG. 2. The effect anHSlGa on muscle twitch of
the rat p ic nerve-di; ion. The
points represe,nt the nctu‘ll data pomh the line is
the best-fitting regression line. The scale of the
abscissa is logarithmic. Values are means = SE;
n = 10. The EDy, calculated from the line is 7.4

pg/ml

The time to 100 per cent recovery from
blockade after washout of AHS8165 was
examined. This was considered to be the
time from addition of normal Krebs solu-
tion until muscle contraction had returned to
pre-drug control levels. Immediately upon
addition of normal Krebs solution, re-
covery began; it was quite rapid (fig. 4). Time
to recovery was directly related to concentra-
tion of AHS8165. Time to 100 per cent recov-
ery from an 18.7 per cent blockade, produced
by 6.0 pgml, was 0.9 = 0.2 minutes (SE).
Recovery to 100 per cent from a 93 per cent
blockade, produced by 10.0 pgml, w
3.1 = 0.4 minutes.
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F1G. 3. Typical records of the
ansets of 90 per cent blockades
mduccd by AH8165, succinyl-

and d-tub ine in
the rat phrenic nerve-dia-
phragin preparation. Arrows in-
dicate administration of the
drugs.

o+F e pin 3% Shckide

A  comparison of AHS8165 with To compare the rates of recovery from
d-tubocurarine was undertaken. The dose— blockades produced by AHS165 and
response curves of AHB8165 and d-tubo- d-tubocurarine, the data of figure 5 were used
curarine were parallel, and AH8165 was 0.1 to select concentrations of the drugs that
times as potent as d-tubocurarine (fig. 5). would produce blockades of equal mag-

#H E18% 9.0 pginl

5 vy |

FIG. 4. Recoveries from blockades induced
Lmin Waghout b\ AHB165 and dmbucumnnc in the rat
icnerve-d ion.Upper
trace: blockade pmduced b\ AHS8I165, 9.0
pug/ml. Lower trace: blockade pmduced byd-
tubocurarine, 0.9 pg/ml. Arrows represent
washout with normal Krebs solution.

d-Tutecurarine: 0.9 g5l
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100

FiG. 3. Comparative ef-
fects of AH8165 and d-
tubocurarine on muscle
twitch of the rat phrenic,
nerve-diaphragm prepa-
ration. Points represent
actual data points. Values

80

d-Tubacurarine

NEUROMUSCULAR ACTIONS OF AHB8165 249

AR 8165

0.10

are means = SE, n = 10.
The four-point bioassay
was performed and the
resultant potency ratio of
AHB8165 tod-tubocurarine
was calculated to be 0.1.
The 95 per cent confi-
dence interval was 0.09 to L
0.11.
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nitude. The muscle preparation was then
washed with normal Krebs solution and
the time to 100 per cent recovery and rate of
recovery were evaluated. Recoveries from
the effects of the two agents were very
different (table 1). AH8165 (9.0 pg/ml) and
d-tubocurarine (0.9 pg/ml) produced block-
ades of 86.2 per cent = 3.9 and 86.4 per
cent = 4.4, respectively. However, the time
to 100 per cent recovery from d-tubocurarine
blockade was longer. A typical record can be
seen in figure 4.

A comparison of AH8165 with succinyl-
choline was also undertaken. The dose—
response curves of the two agents were not
parallel. In order to compare the rates of
recovery from blockades produced by
AHB81635 and succinylcholine, the drugs were
titrated to produce blockades of equal mag-
nitude. It was found that there was a sig-
nificantly greater time to 100 per cent recov-

ug/ml

ery from the 50 per cent blockade produced
by AHB8165. However, there was no sig-
nificant difference between the rates of re-
covery to 100 per cent from 90 per cent
blockades produced by succinylcholine and
AHSI165 (fig. 6).

Neostigmine reversals of blockades of
equal magnitude produced by AH8165 and
d-tubocurarine were compared. Neostigmine,
1 pg/ml, produced 80.1 = 5.2 per cent rever-
sal of a 90 per cent blockade by
d-tubocurarine, but produced only 38.7 = 4.3
per cent reversal of the 90 per cent blockade
AHB8165 (fig. 7). The slope of reversal from
the former was also significantly greater than
that from the latter. In contrast to its effect on
d-tubocurarine, neostigmine could not com-
pletely reverse blockade produced by
AHB8165. Ten pg/ml and 50 pg/ml of neo-
stigmine were administered to a preparation
in which 90 per cent blockade had been

TaBLE l. Recovery of Blockades of Contraction of the Rat Phrenic Nerve—Diaphragm Preparation
Induced by AH8165 and d-Tubocurarine*

Time to 100 Slope of
Concentration Per Cent Per Cent Recovery Initial Recovery
(urfml} Blackade (Min) {/Min}
AH8163 6.0 189+ 4.9 17=03 0.28 = 0.09
d-Tubocurarine 0.6 182 =3.7 21=05 0.04 = 0.01%
AHS165 9.0 86.2+3.9 4.1=04 0.52 = 0.06
d-Tubocurarine 09 86.6 = 4.4 5.3 = 0.5¢ 0.42 = 0.05%

* Values = means = SE, n = 10.

# Significant difference, P = 0.05, t-test for paired data.
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FiG. 6. Recoveries from blockades induced by
AHB8165 and succinylcholine in the rat phrenic
nerve—diaphragm preparation. Upper trace: 90 per
cent blockade by AHB165. Lower trace: S0 per
cent blockade by inylcholine. Arrows repre-
sent washout with normal Krebs solution.

produced by AH8165 in an attempt to in-
crease reversal, but no increase was found
(fg. 8). At 50 pg/ml neostigmine, a progres-
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sive decrease in the strength of contraction
followed the initial incomplete reversal of
AH8165. This probably was the beginning of
a depolarizing blockade caused by the anti-
cholinesterase agent itself (fig. 8).

DENERVATED RAT DIAPHRAGM
PREPARATION

The effect of AH8165 directly on muscle
tissue was evaluated. Low concentrations of
AHB8165 that occasionally increased the
strength of contraction in innervated muscle
had no effect in denervated muscle. Simi-
larly, concentrations of AH8165 that previ-
ously had diminished the strength of contrac-
tion in the rat phrenic nerve—diaphragm
preparation also had no effect on the strength
of contraction of denervated muscle. AH8165
concentrations 10, 50, and 100 times that
which produced 100 per cent blockade in the
innervated diaphragm preparation had no
effect on the strength of contraction of dener-
vated muscle. It was concluded that AH8165
had no direct effect on muscle tissue.

CHICK BIVENTER CERVICIS NERVE—
MUSCLE PREPARATION

Doses of AH8165, 0.5 to 4 pg, added to the
superfusate produced contracture of the tonic

F1G. 7. Neostigmine reversal
of blockades induced by
AH8165 and d-tubocurarine in
the rat phrenic nerve—
diaphragm preparation. Upper
trace: 90 per cent blockade
produced by d-tubocurarine.
The first arrow represents ad-

ini ion of igmil 1
pg/ml; the second arrow repre-
sents washout with normal
Krebs selution.
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NEUROMUSCULAR ACTIONS OF AH8165

BH Slee o ERakate

F1G. 8. The effects of neostig-
mine, 10 pg/ml, and neostigmine,
30 pgfml, on the blockade induced
by AHS165 in the rat phrenic
nerve-diaphragm preparation.
Upper and lower traces: 90 per =
cent blockade by AHS8165. In the
upper trace the first amow repre-
sents administration of 10 pg/ml
neostigmine and the second arrow
represents washout with normal
Krebs solution. In the lower
trace the first arrow represents
administration of 50 pg/ml neo-
stigmine and the second arrow
represents washout with normal
Krebs solution.
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component of the muscle. The increase in
the magnitude of contracture was dose-
related. Doses of 0.3 to 2 pg also potentiated
the strength of contraction of the fast-twitch

FIG. 9. Typical records of the effect of
AHB165 on the chick biventer cervicis
nerve—muscle preparation. Upper left
trace: effect of 1 ug AH8165. The arrow
represents the point of drug administra-
tion. Middle trace: effect of 8 ug AH8165
on the same preparation. Lower trace:
effect of 16 pg AH8165 on the same
preparation. Upper right trace: effects of
1 pg and 2 ug AHB8I65 on another
preparation in which the tonic compo-
nent appeared to predominate.

erEgmine ahol
S0 i

component. A dose of 4 ug produced 5 per
cent blockade of the force of contraction. A
dose of 8 ug appeared to mark a turning point
in the muscle response to AH8163. This dose

AHEME Imin
1zl

1
AH KR 13190

AH BB (L)
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produced 40 per cent depression of the
strength of contraction along with the first
observed decrease in the magnitude of con-
tracture. A dose of 16 pg decreased tonic
muscle contracture to negligible values and
produced 60 per cent blockade of the fast-
twitch component. Contracture was absent
with 32 ug AHS165 and blockade of contrac-
tion was nearly 90 per cent. Typical records
of the drug effects on both tonic and fast-
twitch components of muscle can be seen in
figure 9.

Generally, blockade of contraction oc-
curred after contracture had subsided. In one
preparation, onset of blockade was observed
to occur concomitantly with contracture (fig.
9). The latter is typical of the effects of
depolarizing drugs. However, most muscles
manifested blockade of twitch after contrac-
ture of the tonic muscle fibers had subsided.

Discussion

It is interesting to compare the results of
this study with results of other studies in
regard to onset of blockade, duration of and
recovery from blockade, potency, and
mechanism of action of AHB165.

AHS165 was shown to have an onset of
action which was more rapid than that of
d-tubocurarine, but less rapid than that of
succinylcholine. This is in contrast to studies
in man which show the onset of action of
AHS165 to be more rapid than'™!* or about
the same as'** that of succinylcholine. We
found the duration of action of AH8165 to be
longer than that of succinylcholine and com-
parable to that of d-tubocurarine. No reversal
of blockade was observed within two hours
unless neostigmine was added, in which case
rapid but only parial reversal occurred.
Others who have studied AH8165 in the rat
phrenic nerve—diaphragm preparation gave
no mention of duration of action.

With regard to recovery, the strength of
contraction of the indirectly stimulated dia-
phragm preparation was found to return
rapidly to pre-drug levels following washout
of AH8165. This corroborates other findings
in the same preparation.® The rate of recov-
ery and time to 100 per cent recovery were
greater after all levels of blockade produced
by AHB8165 than after comparable blockades
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produced by d-tubocurarine. By contrast, the
rate of recovery from blockade produced by
AHS165 was less than or equal to that from
blockade produced by succinylcholine. In
studies in vivo it was found that recovery
from blockade produced by AHS8165 was
faster than recoveries from blockades pro-
duced by d-tubocurarine, gallamine, and
pancuronium.’ This could indicate that the
binding of AHS165 to the receptor is less
than that of d-tubocurarine but greater than
or equal to that of succinylcholine. This is in
contrast to in-vito findings in anesthetized
cats that suggested that AHS8165 stayed at the
receptor site for a shorter period than
succinylcholine.®

Previous studies have indicated that
AHS8165 is a nondepolarizing neuromuscular
relaxant,=3 but there has been no comparison
of the dose—response curve of AH8165 with
those of other nondepolarizing muscle relax-
ants. We found AHS165 to have a dose—
response curve parallel to that of
d-tubocurarine, and from these curves we
calculated AHS8165 to be 0.1 times as potent
as d-tubocurarine. This confirms an earlier
study in which a tenfold difference in po-
tency was noted.’* The EDjy, determined
from our regression line was 7.4 pg/ml. This
differs from an EDs, of 0.68 ug/ml reported
by Brittain and Tyers® They applied inter-
rupted tetanic stimulation as bursts of 45 Hz
for 0.2 seconds every 15 seconds, while we
applied single pulses every 5 seconds. Since
the magnitude of neuromuscular blockade is
a function of the frequency of nerve
stimulation,§ it is not surprising that lower
doses of AH8165 were needed to produce
neuromuscular blockade in the experiments
of Brittain and Tyers.

Previous studies have indicated AH8165 to
be readily reversed by neostigmine.!-%1%!
Blodd et al.’* compared the reversibility by
neostigmine of AHS8165 with that of
d-tubocurarine and found the recovery of
strength of contraction after the former to be
more rapid. From this they inferred that
AHS165 would also be more readily reversed
by neostigmine than would pancuronium and
gallamine. In the present investigation neo-
stigmine produced only 38 per cent reversal of

§ Standaert FG: Personal communication.
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blockade by AHB81635, while d-tubocurarine
blockade was completely reversed. One
wonders what roles certain factors in vivo,
such as circulation and redistribution, play in
the apparent ready reversibility reported by
the previous investigators.

There has been little effort to understand
the mechanism of action of AH8163, but
most investigators have accepted it as
nondepolarizing. That AH8165 and d-tubo-
curarine have parallel dose—response curves
is compatible with this. On the other
hand, the fact that neuromuscular blockade
cannot be reversed completely by neostig-
mine suggests that AH8165 does not have the
same mode of action as d-tubocurarine. Our
observation of facilitation of strength of con-
traction by low concentrations of the drug
suggests that AH8165 has some depolarizing
activity. This was confirmed in the chick
biventer cervicis muscle preparation. In low
doses the agent produced contracture of the
tonic muscle component and potentiated the
force of contraction of the fast-twitch compo-
nent. These are both indicative of depolariz-
ing activity. With higher doses contracture
was diminished and the force of contraction
of the fast-twitch fibers was reduced. This is
indicative of nondepolarizing activity. From
these findings it is concluded that AH81635 in
low concentrations has a depolarizing effect,
which is masked by the nondepolarizing
blockade in high concentrations. These
findings confirm the work of Post et al.,* who
found that low doses of AH8165 increased
miniature endplate potential (MEPP) fre-
quency in the in-vitro frog sartorius muscle
and potentiated contraction of the cal soleus
muscle in vivo, and that high doses reduced
MEPP amplitude. This dual action dem-
onstrates a basic difference between
AHB8165 and both d-tubocurarine and suc-
cinylcholine.

The authors thank Dr. Frank G. Standaert for
help and advice in the preparation of the manu-
script, and Dr. M. B. Tyers, of Allen and Hanburys,
Ltd., for supplying the compound.
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