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Several papers deal with the effect of alcohols and other organic solvents
on the activity of cholinesterases (ChE). Miknhetrson (1941) found that alcohols
inhibit ChE activity; Ettinger et al. (1941) obtained the same result. Heim
and Fanr (1940) when investigating the effect of ethanol and pentanol (amyl-
alcohol) state that at low concentrations they increase the enzyme activity,
while they inhibit it at higher-ones, but they treat only this latter case in
detail. Genwunit and Labenz (1941) emphasize the ChE-activatory effect of
alcohols. In order to clear the contradictions Fertowes et al. (1950a, b) as
well as Todrick et al. (1951) carried out extensive investigations with several
ChE-s and corroborated both the inhibitory and activatory effect of alcohols
for the activation of acetylcholinesterase (AChE), except for the ChE of horse-
serum, where they found only an activation, but no inhibition.

In recent years Cornoijn (1961) investigating the activation of AChE
in the ganglia of cockroach (Periplaneta americana) by the effect of some
water-miscible organic solvents stated that besides the alcohols also acetone
increases the activity. Similar results were obtained by Lewis (1967) investigat-
ing the ChE activity in the head of the honey-bee (Apis mellifera), discussing
besides the alcohols and acetone also (among the ethers) the activity-increas-
ing effect of the metoxyethanol. shatoury (1963a, b), on the other hand,
investigated in detail the AChE activation by butanol on the head and brain
of the house-fly (Musca domestica).

Though the above mentioned authors investigated the effect of both
straight-chain (n-) and branched-chain (i-) alcohols on the enzyme-activity,
there are no data available concerning bi- or tri-valent alcohols. Furthermore,
the investigations were conducted on vertebrates and insects, so that it may
be of interest to study a representant of another group of animals, the fresh
water mussels how the cholinesterase activity in the ganglia and in the adduc-
tor muscles of these animals is influenced by the above mentioned and other
water-miscible organic solvents.

Method

Our experiments were conducted on the homogenate of ganglia and ad-
ductor muscles of the fresh water mussel Anodonta cygnea L. (Mollusca,
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Pelecypoda); the compounds contained 50 mg respectively 20 mg wet weight
of tissue for 1 ml. Homogenization was accomplished at 0 °C during 5 min,
the homogenate was stored in refrigerator (maximum one week), its AChE-
activity did not change during this period.

For the preparation of the homogenate of ganglia 50- 150 animals were
used while for the same purpose 15—20 ofthe adductor muscles were needed
and for the latters separate homogenates were prepared for the yellow ,,phasic”
and ,,white tonic” parts (Zhukov 1956).

The final volume of the incubation mixture was 5ml, pH was 8.0 and its
composition was the same as published before (Saranki et al. 1967). The incu-
bation took place always at temperatures of 20 U 0.2 °C this being in the
vicinity of the physiological temperature; its duration was 180 minutes with
AChE-activity measurements of the ganglia and 60 minutes with the observa-
tions of ,,phasic” and ,tonic” parts of adductor muscles.

The incubation mixture was incubated with the organic solvents for
15 minutes before adding the substrate.

Determination of the enzyme activity was made—usinga 2 ml part of the
incubation mixture by the method of Hestrin (1949), with Beckman
GU 2400 spectrophotometer at 530 T/n. As a substrate, the solution of ACh-CI
of 5 mM final concentration was used and the degree of enzyme hydrolysis
was expressed in //g-s of hydrolysed substrate during one hour by a homogenate
of 1 mg N-content (fig ACh/mg N/hour).

The N-content of every homogenate was determined as published pre-
viously (Varanka 1968) after Kjetdaht.

The experiments were made in January and February. We used the
following p. a. agents:

acetylcholinchloride (AChCI) Fluka, acetone, ether (diethvlether),
methanol, ethanol, n-propanol, n-butanol, n-pentanol (n-amylalcohol), benzil-
alcohol, glycol (ethylen glycol), glycerine.

Results

Fig. 1 shows the effect of some water miscible organic solvents used in
our experiments when influencing the acetylcholinesterase activity of homo-
genates of ganglia. In these experiments the incubation mixture of 5.0 ml final
volume contained 0.3 ml of organic solvents. Under such experimental con-
ditions the degree of activation by the alcohols increases with the increase of
the C-atomic number from 1to 3 (121, 182 and 315%), then it decreases after
having feached a maximum at the n-propanol. The extent of decrease is such
that the C5-alcohol already inhibits enzyme activity as related to the 45% of
the control. The only aromatic alcohol investigated, to benzil alcohol produces
a full scale AChE-activity-inhibition at the given concentration (it furnished
a saturated solution under the given conditions owing to its weak water-
solubility).

Among the non-alcoholic organic solvents ether inhibited the enzyme
activity to a small extent (16%), while acetone produced an activatorv effect
(153%). The bi-valent glycol and tri-valent glycerine-alcolhols all produced
a weak AChE-activity-increase (150- 115%).
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Fi;/. 2 demonstrates the effect of organic solvents on AChE-activity of
adductor muscles under the same concentrations as above. We can state that
in case of the same organic solvent the difference between AChE-activity of
»phasic” and ,tonic”-parts of adductor muscles does not surpass 30% (n-
propanol). On the contrary there exists a significant deviation as against the

relative activity of AChf

Fig. 1. Effect of organic solvents on AChE activity of homogenates of ganglia (0.3 ml
organic solvent given into a 5.0 ml final volume)

1. dbra. Szerves oldoszerek hatasa a ganglion homogenizatum AChE aktivitasara (0,3 ml
szerves oldészer adva 5,0 ml végtérfogatba)

relative activity of AChf

organic solvents 100 200%
nohydrolysis
no hydrolysis M tonic
n-penonot ng hydrolysis LLiphasic
benzylalcoha p
glycol
gt/cerin

Fig. 2. Effect of organic solvents on AChE activity in the homogenates of ,,phasic” and
Ltonic” parts of adductor muscles (solvents as in Fig. 1)

2. abra. Szerves old6szerek hatdsa a zardizom fazisos és tonusos részé homogenizatumanak
AChE aktivitasara (oldészer mennyiség mint az 1. abranal)
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results obtained with the homogenates of ganglia. An increase of the enzyme
activity owing to the influence of organic solvents presents itself only with
the effect of n-propanol on the homogenate of the phasic part of adductor
muscles, while in all other cases the enzyme-activity undergoes—more or less—
an inhibition.

Fig. 3. Relation between AChE activity of the homogenates of ganglia and the concen-
tration of alcohols
= metanol, 0-0-0- = etanol, x-x-x-x = n-propanol

3. dabra. A ganglion homogenizatum AChE aktivitasanak fliggése az alkoholok koncentra

= metanol, 0-0-0 = etanol, x-x-x- = n-propanol

No connection could be detected between alcohols with increased C-
atomic number and their effect on AChE in the case of adductor muscles, i.e.
there is no similarity to the ganglion homogenates in this respect. The AChE-
activity of the ,tonic” part of adductor muscles is inhibited only to a small
extent by the C~g-alcohols (16—18%), while the C4_5alcohols produce a com-
plete inhibition. Benzil-alcohol reduces the enzyme-activity below 10%. The
inhibition produced by glycol and glycerine is unimportant (6—9%), while
ether and acetone cause an inhibition of 40—50%. The AChE-activity of the
»phasic” part of adductor muscles is influenced by methanol and n-propanol
similar to the ,tonic” part. In case of n-propanol an increase in the activity
by 20—25% can be observed. The degree of inhibition of enzyme activity in
case of the ,phasic” part of the adductor muscles is less than that obtained
in the ,tonic” part, if we use ether, acetone, ethanol and n-butanol; while in
case of glycol and glycerine higher inhibition than before was obtained (21—
28%).

JIYHb regards to the fact that in experiments under the given conditions,
the Mol-concentration of organic solvents had different values, it seemed
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necessary to investigate also the relation between the enzyme activity and
concentration values of the organic solvent for a more detailed evaluation of
the results.

Fig. 3 contains the results of experiments made with several straight-
chain alcohols on homogenates of ganglia under conditions explained above.
It can be seen that the alcohols increase the enzyme activity in case of low
concentration values, then after reaching an activation maximum the curves
show a steep fall, while at higher concentrations an inhibition of the enzyme
activity follows. The maximum of both activatory and inhibitory effects shifts
towards the smaller concentration values with the increase of length of the
C-chain, at the same time the degree of maximum activation is increasing, too
(Table 1).

Table 1

Connection between maximum activation of AChE and of its inhibition on the one hand
and the concentration of alcohols on the other, in case of a homogenate of ganglia

W ith maximum Inhibitory concentration
Alcohols activation range
Methanol 2.95 M 450 M <
Etanol 205 M 2.80 M <
N-propanol 1.02 M 185 M <
Discussion

In previous communications. On the basis of our earlier investigations
(Saranki et al. 1966, 1967) on the enzyme hydrolysing ACh in the ganglia and
adductor muscles of Anodonta cygnea L. it was supposed that most part is
a ,,specific” ChE, i.e. acetylcholinesterase (acetylcholin acetyl-hydrolase, EC,
3.1.1.7, AChE) and this supposition was taken us valid for further work too.

Our experiments show that the AChE-activity of the homogenate of
ganglia of Anodonta cygnea is increased by straight-chain Cj_3alcohols in the
range of low concentrations, while it is inhibited by all higher concentrations.
These results agree with those obtained by Fer1owes et al. (19504, b), as well
as by Todrick et al. (1951) on the AChE in brains of rats andin human erythro-
cyte. These authors also reported that the activation of the enzyme is im-
mediate and it is reversible by dialysis, while the inhibition develops more
slowly and it is not reversible by dialysis.

According to our experiments made with homogenates of ganglia we
stated that — in agreement with the n-Ct_4univalent alcohols—the bi-valent
glycol and tri-valent glycerine possess an activatory effect. Ether and aromatic
benzilalcohol are on inhibitory character with the concentrations used (0.3 ml
solvent in a 5.0 ml final I. volume).

It is surprising that the AChE activity of both parts of adductor muscles
is inhibited by the organic solvents with the exception of n-propanol used in
the investigations even at such concentrations where they increase the enzyme
activity of the ganglion.
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For the explanation of activation of AChE activity by organic solvents
several conceptions are known. Fellowes et al. (1950b) supposed that the
alcohols decrease the substrate inhibition characteristic for AChE-s which
result in an increased enzyme activity. Colhoun (1961) supposed that during
homogenization the enzyme did not get exposed entirely or the active centre
remained masked by some inhibitor, so that part of the enzyme was inactive
against the substrate. The alcohols further the unmasking of the enzyme after
homogenization respectively they dissolve the inhibitor covering the active
centers and so the enzyme becomes active. For this conception stands the
observation of Bullock (1951), who found an increased AChE activity and
enzyme solubility after extraction by organic solvents. In his opinion the
extraction of lipids is not basically important from the point of view of enzyme
function.

The above conception seems to be contradicted by the results of sha-
touri (1963), who isolated three AChE fractions (water-soluble fraction, water-
soluble hydrolysate of the water-insoluble residue and the water-insoluble
residue of the hydrolyzate (from the brain of house-fly (Musca domestica)).
According to him n-butanol exerts the same effectonall the three fractions, and
so he supposed that the three fractions represent three different forms of the
same enzyme.

Rumbsby and Finean (1966a, b, c) investigated the extraction of lipoids
by organic solvents and the histological changes of lipoproteine structure.
They state that alcohols in high concentrations extract cholesterol nearly com-
pletely but only 50 70% of phospholipids and this latter value is different in
the case of methanol and etanol. The effect is strongest with the C3_4-alcohols,
because —according to their opinion —in these alcohols an optimal equilibrium
exists between the hydrophilous and lipophilous characteristics.

Besides the electrophysiological investigations of Armstrong and Bin-
stock (1965), Moore et al. (1965) data of Okada (1967) are of interest, who
investigated the neuromuscular junction of frogs, and obtained a tendency
in the variations of end plate potentials and ACh-potentials as a result of the
effect of alcohols (amplitude-increase at a lower alcohol concentration and
decrease at a higher concentration), similar to our findings when investigating
AChE activity.

The most obvious explanation for the increase of AChE activity as a
result of the effect of organic solvents is that of Lewis (1967), who supposes
that the active center of a part of enzyme is masked by a lipoid, thus being
inactive. The organic solvents by dissolving the covering lipoid increase the
quantity ofactive enzyme and so they increase — by implication —the enzyme
activity. This would produce a satisfactory explanation for the quick develop-
ment of activity-increase and for its reversibility by dialysis too.

W ith our experiments AChE activity of the homogenates of ganglia was
225 pg, while for the ,tonic” part of adductor muscles we obtained 740 pg,
and for the ,,phasic” part 812 pg ACh/mg N/hour. The two latter values are
smaller than previously reported (Salanki et al. 1967) as we used in our
present experiments uncentrifuged homogenates. The fact that the low AChE
activity of ganglia increases owing to the influence of certain alcohol con-
centrations, while the same alcohols have no similar effect on the higher AChE-
activity of adductor muscles, admits the supposition according to Lewis
(1967) that there is a difference in the storing mode of AChE of the two tissues.
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It can be assumed namely, that in the ganglia a part of the enzyme is present
under ,,in vivo” conditions in an inactive form, i.e. in the form of a lipoprotein
complex which is inaccessible for the substrate. After the dissolution of the
lipoid by alcohols this enzyme quantity also takes part in the hydrolysis of the
substrate resulting in an increase of activity. Contrary to this, with the adductor
muscles the whole quantity of AChE is present in an active state, without
being stored with lipoids, so that the effect of organic solvents can not cause
an increase of activity, while a denaturation of the enzyme may start, thus
decreasing the activity. It should be noted that AChE-activity of adductor
muscles is not entirely the result of AChE of neural origin, hut for a part of
the activity the myosin—cholinesterase may also be responsible which is
present in the uncentrifuged homogenates. By any means it is probable that
a functional deviation presents itself also in a structural difference.

The explanation of the inhibitory effect of alcohols on AChE-activitv is
more obvious and generally acceptable than that suggested for the activatory
effect. Snatouri (1963a) explained the inhibition of enzyme activity by buta-
nol with the denaturation of the enzyme, which is a well known effect of alco-
hols.

Summary

The effect of the straight-chain alcohols of Ct_- atomic numbers, of the
aromatic bensil-alcohol, of the bi-valent glycol and tri-valent glycerine as well
as that of the ether and acetone on the AChE-activitv of the homogenates of
ganglia and adductor muscles of Anodonta cygnea L. was investigated. It could
be stated, that:

a) with the concentrations used (0.3 ml solvent in a final volume of
5 ml) all agents - with the exception of ether, bensil-alcohol and pentanol
increase AChE-activity in the homogenates of ganglia.

b) All agents with the exception of n-propanol do not influence
or inhibit the AChE-activity of the ,tonic” and ,phasic” part of the adduc-
tor muscles.

c) Alcohols with Cj_s atomic numbers increase AChE activity of homo-
genates of ganglia at low concentration and inhibit it at higher concentrations.

d) The maximum of the activation shifts towards the lower concentra-
tion values with increasing Mol-weight of the alcohol respectively with its
chain length, at the same time the degree of the maximum activation also
increases.

e) Author corroborates the conception that in the ganglia part of the
active site of the enzyme is masked by a lipoid and supposes that in the adduc-
tor muscles the whole quantity of the enzyme is in active state, which may
have functional consequences.
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NEHANY VIZOLDEKONY SZERVES OLDOSZER HATASA
ANODONTA GYGNEA L. (PELECYPODA) IDEG- ES IZOMSZOVET
ACETILKOLINESZTERAZ AKTIVITASARA

Osszefoglalas

Varanka Istvan

Vizsgaltak a C,_ 5 atomszamdu, egyenes szénlancu alkoholok, tovabba az aromas
benzilalkohol, a kétértékl glikol és haromérték( glicerin, valamint az éter és aceton
AChE aktivitdsat befolyasolé hatasat az édesvizi kagyl6 Anodonta cygnea L. ganglion
és zardizom homogenizatuman. Megallapitottak, hogy

a) az alkalmazott koncentracioban (0,3 ml szolvens 5 ml végtérfogatban) ganglion
homogenizatuman az éter, benzilalkohol és pentanol kivételével a tobbi anyag az AChE
aktivitast fokozza.

b) A zardizom tonusos és fazisos részének AChE aktivitasat a n-propanol kivételével
a tobbi anyag nem befolyasolja vagy gatolja.

c¢) A CIl_- atomszamu( alkoholok alacsony koncentraciéban fokozzéak, nagyobb
koncentracioban gatoljak a ganglionhomogenizatum AChE aktivitasat.

d) Az aktivaci6 maximuma az alkohol M-sulyaval, ill. a lanchossz novekedésével
alacsonyabb koncentraciok felé tolodik el, s egyuttal az aktivacié maximuma is né.

e) Megerdsitik, hogy a ganglionokban az enzim egy részének aktiv helyét egy lipoid
burok takarja, s feltételezik, hogy a zaréizomban az enzim teljes mennyisége aktiv allapot-
ban van, aminek funkcionalis jelentésége lehet.

BJANAHWE HEKOTOPbIX BOAOPACTBOPUMbBIX OPFAHWUYECKWX PACTBOPOB
HA AKTUBHOCTb ALIETWAXONUHICTEPA3bI HEPBHOW W MbILLEYHON
TKAHEW BE33YEBKW

. BbapaHka

M3y4yeHO BAWsSHWE CNUPTOB C aTOMHbIM yucnom Ci_5u1 npsmoii yrnepogHoii Lenbto, apo-
MaTh4eckoro 6eH3aNbHOr0 CMMPTa, [ABYXBANEHTHOrO TF/IMKONSA, TPEXBANEHTHOrO T[WLEpuHa,
ampa 1 aueToHa Ha aKTWBHOCTb aLeTWUXONMHACTepasbl B FOMOreHaTe raHr/MeB W 3anupaTefb-
HOW MbILLbl 6e33y6KU. TonyyeHbl CnefytoLie pe3ynbTarhbl:

1 3a wucknoueHnem ampa, 6eH30Ma U NeHTaHONA, BCE M3YUYeHHble BeLLecTBa MOBbILIADT
aKTMBHOCTb aLeTWUXO0NMHACTepasbl B FTOMOreHaTe FaHr/nes.

2. AKTMBHOCTb XO/MH3CTepasbl TOHWYECKOW W (ha3HOW vacTeil 3anmMpaTenbHON MblWLb
M3MEHSIeTCA TONbKO MOA BAWSHMEM N-NPOMaHO0Ma, OCTallbHble U3y4YeHHble BeLLecTBa Hedddek-
TUBHBI.

3. CnupTbl ¢ aTOMHbIM uncnoM C,_.t B HU3KMX KOHLLEHTpauusaxX yBeNW4MBaloT, a B BbICO-
KUX CHUXAKT aKTUBHOCTb XOJ/IMH3CTEPa3bl FOMOreHarta raHraves.

4. MakcumanbHoe yBenMueHne akTUBHOCTM NPU YBEMYEHUN aTOMHOIO YNCIa U YTIepoa-
HO/ Lenu cnuMpTOB HacTynaeT npu 60fee HU3KMX KOHLEHTPauusxX, OAHOBPEMEHHO YBEINYU-
BAETCA W CTeMNeHb MaKCUMasbHOW aKTUBHOCTMW.

5. ABTOp MPUXOAWT K BbIBOAY, YTO aKTWBHbI/A Y4YacTOK OAHOM 4acTu (epMeHTa B raH-
rANAX MOKPbIT NUNOMAHLIM CMOEM, B TO BpeMsA KakK B 3anvpaTtefibHOl Mbllile Becb (DepMeHT
HaxoAMTcs B aKTUBHOW (opme. O6Cyx)aaeTcs (YHKLMOHANbHOE 3HaYeHWe 3TOF0 pasnmyuns.
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