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Abstract—Anti-cholinesterase activity in a number of bis- and poly-onium neuro-
muscular blocking agents is affected by the inter-onium distance, alteration in the num-
ber and nature of the onium centres and changes in the size of the alkyl substituents on
the onium centres. Anti-cholinesterase activity is not testricted to depolarizing drugs but
is also a feature of non-depolarizing agents.

ANTI-CHE activity is a property of many quaternary ammonium compounds some of
which also possess neuromuscular blocking activity,1-8

Depolarizing neuromuscular blocking agents, in general, possess more potent anti-
ChE activity than non-depolarizing drugs and this is exerted against “true” to a
greater extent than against “‘pseudo”—cholinesterase.?

Although decamethonium is a moderately potent anti-ChE, the contribution of
this property either to its effectiveness as a neuromuscular blocking agent or to the
type of block produced has not been determined.> There remains the possibility,
therefore, that in some neuromuscular blocking agents, especially those possessing
depolarizing properties, anti-ChE activity may be sufficiently great to contribute
towards the neuromuscular block. A series of synthetic bis- and poly-onium neuro-
muscular blocking agents’—!* have therefore been investigated for anti-ChE activity
in order to ascertain whether this was sufficiently great to be of significance in the
neuromuscular blocking potency observed and, additionally, to determine the signi-
ficance of alterations in chemical structure on anti-ChE activity.

METHOD
The preparation of cholinesterase from rat brain and the measurement of anti-ChE
activity was carried out by the modification of Ammon’s method!® described by
Fenwick et al.2® but using acetylcholine chloride instead of the bromide. Anti-ChE
activity was calculated as the PlI;, value according to the method of Blaschko et al..'?
The method employed is that for the preparation of “true” or “acetylcholinesterase”.

RESULTS

The results are shown in Tables 1 to 4, which also show the chemical structures and

code numbers of the compounds and the qualitative nature of the neuromuscular
block.”-14

* Communications to be addressed to Mr. J. J. Lewis at the above address.
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Anti-ChE activity varied with alterations in chemical structure and, in consequence
the results will be discussed on this basis.

DISCUSSION
Anti-ChE potency was influenced by the following: alteration in the inter-onium
distance, increase in the number of onium centres, alteration in the nature of the onium
centres and changes in the size of the alkyl substituents on the onium centres.

TABLE 1. THE INFLUENCE OF INTER-ONIUM DISTANCE ON ACETYLCHOLINESTERASE
ACTIVITY, INDICATED BY THE P150 VALUE, OF A SERIES OF TETRA-ETHONIUM ALIPHATIC
NEUROMUSCULAR BLOCKING COMPOUNDS

R3;1—(CH2),,——1:I—(CH2)m—l:rl——(CHgn—lth3
AN N

R R R R R=C,H
41-
Code Type of neuromuscular block produced
no. n m Pl;,
E36 6 6 Non-depolarizing 35
E70 6 8 Non-depolarizing 23
E71 8 6 Non-depolarizing 54
E62 6 10 Mainly non-depolarizing but with depolarizing
features also 41

E72 8 8 Mixed, but mainly non-depolarizing 53
E63 10 6 Mainly depolarizing 62

1. Effect of increase in the number of onium centres on anti-ChE activity

Increase in the number of onium centres does not decrease anti-ChE activity pro-
viding that the inter-onium distance remains constant. The slight increase in potency
sometimes observed (for example, E24, E36 and E73, CIOE and E31) is not com-
parable to the marked influence on potency produced by alteration of the inter-
onium chain length and does not appear to be a major factor in determining the anti-
ChE potency of these drugs.

2. Effect of alteration in the inter-onium distance on anti-ChE activity

An increase in the number of methylene groups from five (E93 and E94) to ten (E31)
was accompanied by an increase in anti-ChE activity. A sharp rise in potency was
observed with increase in the inter-onium chain length from six to eight methylene
groups (E24 and E41; E27 and E40; E36 and E72). An increase in the chain length
beyond ten methylene groups (E35, E17 and Ex) did not however enhance anti-ChE
activity. Similar results were observed, using bis-onium derivatives (C6, C10, C11,
C12, C13 and the fully ethylated analogue of decamethonium C10E) and are in agree-
ment with those of Paton and Zaimis® who reported that, in a series of polymethylene
bis-methonium compounds, anti-ChE activity increased until the compound contain-
ing twelve methylene groups was reached. The increase in anti-ChE activity with
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TABLE 2, THE COMPARATIVE Pl VALUES OF A SERIES OF TRIS-ONIUM ALIPHATIC NEURO~

MUSCULAR BLOCKING COMPOUNDS SHOWING THE EFFECT OF ALTERATION IN THE ONIUM

CENTRES, INTER-ONIUM CHAIN LENGTH AND THE ALKYL SUBSTITUENTS ON ANTI-
ACETYLCHOLINESTERASE ACTIVITY

R, /R1

R—N—(CH;)a—X—(CHps—N—R X = —N—

R R iy

31- or .+
= _S—
r,
Code Type of block
no. R R, n X produced PI;,
E24 C,H; C.Hy 6 N Non-depolarizing 23
E41 C.H; C,H;g 8 N Non-depolarizing 60
E3l C,H; C,H; 10 N Depolarizing 55
E74 C,H; CH, 6 N Non-depolarizing 35
E75 C.H; n—C;H, 6 N Non-depolarizing 335
E76 C,H; n—C.H, 6 N Non-depolarizing 36
E82 n—CyH, n—C.H, 6 N Non-depolarizing 35
E83 n—C,H, C,H; 6 N Non-depolarizing 335
E84 n—C,H, CH, 6 N Non-depolarizing 37
E93 C,H; CH,4 5 N Non-depolarizing Nil (at
M/200 conc.)
E% C,H; C,H; 5 N Non-depolarizing Nil (at
M /200 conc.)

E27 C,H; C.H; 6 S Non-depolarizing 33
E40 C.H; C,H; 8 S Non-depolarizing 57
E30 C,H; C,H; 10 S Mixed 59
E18 CH; CH, 6 S Non-depolarizing 35
E61 CH, C,H; 6 S Non-depolarizing 34
E60 C,H; CH; 6 S Non-depolarizing 34
E64 CH, n—C,H, 6 S Non-depolarizing 42
E65 C,H; n—C;H, 6 S Non-depolarizing 42

3D
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increase in inter-onium distance reported in the present investigation was unaffected
by the size of the onium substituents or the nature of the onium centres themselves.

3. Effect of alteration in the nature of the onium centres on anti-ChE activity

In the N,N,N (E24, E41 and E31) and N,S,N (E27, E40 and E30) ethonium series,
it is clear that replacement of a quaternary nitrogen by a tertiary sulphur atom pro-
duced no dramatic alteration in anti-ChE activity. Similar results were observed in the

TABLE 3. THE COMPARATIVE PI,;, VALUES OF A SERIES OF BIS-ONIUM ALIPHATIC NEURO-

MUSCULAR BLOCKING AGENTS, SHOWING THE EFFECT OF ALTERATION OF THE INTER-

ONIUM CHAIN LENGTH, THE ALKYL ONIUM SUBSTITUENTS AND THE ONIUM CENTRES ON
ANTI-ACETYLCHOLINESTERASE ACTIVITY

RI\‘ + Rl
R—N—(CHp),—X =5
R
21- or
X XR
1
Code Type of neuromuscular
no. R R, n X block produced PI;,
Coé CH, CH, 6 I—tI(CH;*)3 Non-depolarizing 30
C10 CH,4 CH, 10 ;I(CHa);, Depolarizing 5-1
CIOE C,H; C,H; 10 }:I(C2H )3 Non-depolarizing 5-1
Cl1 CH, CH, 11 I'\LI(CH3)3 Mainly depolarizing 54
Cl2 CH, CH, 12 IV:I(CHa)3 Mixed depolarizing
and non-depolarizing 55
Cl13 CH, CH, 13 Ii_I(CH3)3 As above 57
1 CH;, C,H; 8 S+(CH3C2H5) Mainly depolarizing 29
1I CH, CH,4 10 §(CH 32 Depolarizing 49
I CH, CH, 8 g(CHa)2 Depolarizing 4-0

bis-onium compounds IT and decamethonium. These results parallel observations made
during investigations on the neuromuscular blocking potency of these drugs. The
compounds E17 and Ex, in which the sulphur atom of each is uncharged, were, as
expected, more potent than the corresponding N,S,N-sulphonium derivatives,
emphasizing the importance of inter-onium distance in determining the anti-ChE
activity of these compounds.

4. Effect of changes in the size of the alkyl substituents on the onium centres on anti-ChE
activity
Increase in the alkyl group size is less important than increase in the inter-onium
distance, but in both the N,N,N-(E74, E24, E75, E76 and E82) and N,S,N-(E18, E27,
E60, E61, E64 and E65) tris-onium series, the presence of more bulky substituents
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was generally associated with a slight increase in potency. In each series, the ethonium
derivatives E24 and E27 were the least potent.

S. General conclusions

The association of depolarizing neuromuscular blocking activity with a compara-
tively high degree of anti-ChE activity has been confirmed in many cases. Relatively
high anti-ChE activity was found both in depolarizing and also in some predominantly
non-depolarizing compounds (for example E40, E41, E71, E72 and CI0E) suggesting
that anti-ChE activity was not contributing significantly to the type of block produced.
As non-depolarizing compounds may possess anti-ChE activity, it follows that the
acetylcholinesterase and the cholinergic receptor surfaces are probably not identical.
Itis, however, possible that the cholinergic receptor and the acetylcholinesterase surface
may be closely related, being located on similar surfaces but not at precisely the same
points. Thus the structure of the cholinesterase enzyme surface proposed by Cohen
and his associates® appears particularly relevant.

In addition to the postulated presence of anionic and esteratic sites on the enzyme
surface,!® Cohen and his associates proposed the existence of non-specific anionic
sites capable of interacting with drugs possessing a cationic head without inducing
depolarization, although the receptor might be blocked. This view would seem to
accommodate the anti~-ChE activity of non-depolarizing newuromuscular blocking
agents and to account for the anticholinesterase activity of certain of the drugs reported
in the present investigation. The affinity of a neuromuscular blocking compound for
such non-specific sites would consequently be determined by the chemical and elec-
tronic configuration of the molecule in a manner analogous to, but not identical
with its combination with the cholinergic receptor.
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