Acceleration of Plasma
Cholinesterase Activity by
Quaternary Aminonium Salts

It has been 'reﬁﬁrtéd (I) that trypt-
amine (2) and some other alkylamines
(3) accelerate the hydrolysis of Benzoyl-
choline by plasma cholinesterase. In
an attempt to obtain more informa-
tion on the mechanism by which the en-
zyme activity is enhanced, we studied
accelerating effect of relatively simple,
closely related alkylamines. The com-
pounds investigated were tetramethyl-,
tetraethyl-, tetra-n-propyl, and tetra-n-
butyl ammonium. For the sake of com-
parison, trimethyl- and triethylammo-
nium and choline were also studied.
Because of their poor solubility, the tri-
propyl and tributyl analogs could not be
investigated.

The methods employed were similar
to those used in wotk previously de-
scribed (4, 5). The source of plasma
cholinesterase was Cholase (6). Its ac-
tivity was assayed with Kalow’s (7)
ultraviolet spectrophotometric atid Wai=
burg’s manémetric methods. The eon-
gentfatioh of substrates at the start of
the experiments was 5x 10-5M in the
spectrophotometric and 2 x 1073M in the
matometric experimefits.

All tetraalkylammonium compounds
accelerated the hydrolysis of benzoyl-
choline by plasma cholinesterase. The
tesults of the spectrophotometric deter-
minations are presented in Fig. 1. The
activating effect increased from tetra-
methylammonium to tetra-n-propylam-
monium and then decreased sharply
with the tetra-n-butyl compound. Sim-
ilar results were obtained with benzoyl-
choline substrate in the manometric ex-
periments. Qualitatively similar, but
smaller (less than 100 percent), accel-
eration was observed with procaine sub-
strate. Trimethyl- and triethylammo-
nium also accelerated the hydrolysis of
benzoylcholine, but to a lesser degree
than the corresponding quaternary com-
pounds. The increase in the rate of hy-
drolysis caused by 10-3M concentrations
of trimethyl-, tetramethyl-, triethyl- and
tetraethylammonium were 10, 25, 105,
and 160 percent, respectively. The acti-
vating effect of choline (32 percent),
first reported by Hardegg et al. (8), was
between that of tetramethylammonium
and that of triethylammonium.

It is generally accepted that the ac-
tive surface of the plasma cholinesterase
contains an anionic and an esteratic site
(9) and that various substrates contain-
ing both a positively charged N and a
carbonyl group are attracted to the en-
zyme partly by coulombic forces oper-
ating between the opposite charged
groups and partly by unspecific Van der
Waals forces (I10). It has also been
shown that from the point of view of
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Fig. 1. Acceleration of the hydrolysis of benzoylcholine by quaternary ammosium salts.

functional activity, adsorption to the
esteratic site is of greater importance
than attraction to the anionic site (4).
As was previously suggested (2), it is
possible that the positively charged N of
an aromatic substrate may get attached
to the anionic site in a position which
will prevent the attachment of the car-
bonyl C to the functionally important
esteratic site. This would result in slow-
ing of the rate of hydrolysis. If, on the
other hand, the anionic site of the ester-
ase is occupied by another positively
charged group, the chances for the at-
tachment of the ester group of the sub-
strate to the esteratic site will increase,
and the rate of hydrolysis will be ac-
celerated.

The activating effect of the substi-
tuted ammonium compounds became
greater when the length of the substitut-
ing alkyl radical increased from methyl
to propyl. Substitution with progressively
longer radicals increases the ionic radius
and decreases the magnitude of the cou-
lombic forces operating between the
positively charged N and the anionic
site of the enzyme. The fact that, de-
spite this decrease in the magnitude of
coulombic forces, the activating effect
increased suggests that Van der Waals
forces are also an important factor for
the attachment of the activators to the
anionic site of the enzyme.

On the basis of these considerations,
the activating effect of tetra-n-butylam-
monium should be greater than that of
the other quaternary ammonium salts
investigated. In fact, however, the acti-
vating effect of tetra-n-butylammonium
was less than that of either the tetra-
ethyl or the tetra-n-propyl derivative.
A possible explanation of this discrep-
ancy might be that the radius of the
tetra-n-butylammonium ion (> 6 A) is
considerably greater than the assumed

distance between the anionic and ester-
atic site of plasma cholinesterase (4).
Consequently, when this ion becomes
attached to the anionic site, because of
its size, it may interfere with the access
of the substrate to the esteratic site. This
assumption is indirectly corroborated by
the finding of Bergmann (9) that the
inhibitory effect of tetra-n-butylammo-
nium on the hydrolysis of acetylcholine
substrate by plasma cholinesterase was
greater than that of tetraalkylammo-
nium salts of smaller molecular size.

The importance of ionic and other
forces of attraction between the sub-
strate and the cholinesterase molecule
or between the inhibitor and the enzyme
has been pointed out before by others
(11, 12). This report discusses the role
of these forces in the accelerating effect
of alkylammonium derivatives on the
hydrolysis of aromatic substrates by
plasma cholinesterase.
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Protection by D-Penicillamine
against the Lethal Effects of
Mercuric Chloride

The oral administration of the sulf-
hydryl amino acid, penicillamine, in-
creases the urinary excretion of copper
by normal individuals and by patients
with hepatolenticular degeneration (1).
Because of the afore-mentioned report
and because of the interests of this labo-
ratory in the metabolic and antimeta-
bolic properties of penicillamine and its
analogs (2, 3), the efficacy of this amino
acid was compared with that of British
antilewisite (BAL) as an antidote for
heavy metal poisoning.

Male Sprague-Dawley rats (approxi-

mately 2V, months old, weight 280 to
340 g), housed in temperature- and hu-
midity-controlled quarters (76°F, 50
percent) were used. As is demonstrated
by the data of Table 1, while BAL
(group II) completely protects rats
against the lethal effects of a single in-
traperitoneal dose of 3.0 mg of mercuric
chloride per kilogram, an equimolar
amount of pL-penicillamine (group III)
does not. When, however, an amount of
p-penicillamine (group IV) equimolar
to BAL, or a twice equimolar amount of
pL-penicillamine (group V) is admin-
istered, a highly significant amount of
protection is obtained. Since it appeared
that the protective action of pL-penicil-
lamine is due to the p-isomer (groups
III, IV, and V), each of the enantio-
morphs was tested. It was found that the
protective action of penicillamine is pri-
marily a property of the p-isomer (groups
VII, VIII, and I). Whereas pL-cysteine
(group VI) does not protect the animals,
an equimolar amount of its B,B-dimethyl
homolog, pr-penicillamine (group V),
exerts a significant protective action.

The chronic oral use (I, 4) of bpr-
penicillamine in the treatment of vari-
ous neurological disorders should be
viewed with caution since weanling male
Sprague-Dawley rats receiving two oral
doses of 50 mg of pL-penicillamine per
kilogram each day began to lose weight
on the fifth day and four of ten animals
were dead by the 13th day.

The biological activity of penicilla-
mine has now been extensively studied
(2, 3, 5, 6). Although for the rat (5)

Table 1. Mortality of rats receiving mercuric chloride and sulfhydryl compounds. Sta-
tistical analysis of the groups showed p > 0.05 for groups I versus III, IV versus V, I
versus VIII, and II versus VII; p < 0.05 for group VII versus group VIII; and p < 0.01
for groups I versus I1, I versus IV, I versus V, I versus VII, III versus IV, III versus V,
ITI versus IV. Pen, penicillamine; Cys, cysteine; BAL, British antilewisite.

Cumulative 30-day mortality

Sur-

Group Compound (mg/kg)* No. dead/No. started vival

Expt. Expt. Expt. Expt. Expt. Total (%)

1 2 3 4 5

I 3.0 HgCl. 8/10 9/10 8/10 9/10 9/10 43/50 86
II 3.0 HgCl.+ 60 BALf} 0/10 0/ 5 0/10 0/25 0
III 3.0 HgCl:+ 72 DL-Pent 6/10 9/10 7/10 22/30 73
IV 3.0 HgCl:+ 72 D-Pent 6/10 0/10 4/10 10/30 33
V 3.0 HgCl. + 144 DL-Pent 3/10 0/10 4/10 7/30 23
VI 3.0 HgCl:+ 117 DL-Cys} 9/10 10/10 19/20 95
VII 3.0 HgCl:+ 144 D-Penj 5/20 5/20 25
VIII 3.0 HgCl; + 144 L-Pen} 14/20 14720 70
X 144 DL-Pent 0/10 0/10 0
X 117 DL-Cys} 0/10 0/10 0
X1 144 D-Peni 0/13 0/13 0

* All sulfhydryl compounds (9) were injected intramuscularly 20 minutes, 1%, hours, and 3%, hours after
a single intraperitoneal injection of HgCl,. Recorded amounts of the sulfhydryl compounds are of the free

base and are the total of the three injections.
1 Equimolar amounts. ¥ Equimolar amounts.
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and E. coli (3) the r-isomer has growth
inhibitory activity, the bp-isomer is in-
nocuous. While pyridoxine, ethanola-
mine, choline, or metabolites intermedi-
ate between the latter two compounds
have been shown to reverse the growth-
inhibiting activity of L-penicillamine in
the rat (9, 6), only valine, isoleucine,
leucine, or methionine will do so in
Escherichia coli (3). These inhibitory
properties of L-penicillamine and its
relative ineffectiveness in treating heavy-
metal poisoning appears to make p-peni-
ciliamine a safer and more effective
agent than bL-penicillamine in the
chronic treatment of hepatolenticular de-
generation.

The oral effectiveness of p-penicilla-
mine in stimulating copper excretion (I)
and its intramuscular effectiveness in
protecting rats against death due to
mercuric chloride under the conditions
of these experiments (7) presents the
possibility of development of an oral
prophylactic and an oral treatment for
heavy-metal poisoning (8).
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