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According to data found in literature the smooth muscle fibres of the
mammals contain only non-specific, Butyrocholinesterase (MoHR 1955,
KoeLLe 1951, GrIETEN and GEREBTZOFF 1957). The specific ChE (AChE)
plays an important part in the motor endplate of the striated muscle. At the
same time data are known according to which in the adductor muscles of
Lamellibranchiata acetylcholin is involved in excitation and inhibitién of the -
muscle elements and subsequently to neostigmin treatment the adductor
muscle tone significantly increases (PUPPIL 1963).

Contradictory data are found in literature on the histological structure
of the adductor muscle in Anodonta cygnea. Some authors (MARGO 1861,
SCHAFFER 1922) regard it as a striated muscle, others (ENGELMANN 1881)
as a spiral muscle, again others (BRUCK 1914, MARCEAU 1909) as a smooth
muscle and recently even the opinion is found in literature (ABRAHAM, MINKER
1959) that the adductor contains smooth and atypical striate fibres mixed.
The cholinesterase activity of this muscle was studied with myristoilcholine'
substratum by Bowbpex and Lowy (1955) who found that in the muscle
a diffuse activity can be observed and ascribed this to the nerve fibres diffusely
innervating this muscle. ABrAaHAM and MINKER (1959) denied that the ad-
ductor muscle has such diffuse innervation. Our own investigations concerning
the structure of the adductor muscle (Zs. NAGcy, SALANKI 1964) lead to the
conclusion that the adductor muscles fixed in different functional states
exhibit different histological pictures.

Since on these grounds we can not range the adductor either to the
smooth or the striate muscles we set the objective of studying the ChE activity
in order to gain points of support for the properties of the muscle from the
histochemical aspect.

Material and methods

The examinations were carried out on 12 to 18 cm specimens of Anodonta
cygnea kept in an aquarium in the November —January period. Investigation
of cholinesterase activity was performed with the following methods:

1. Original thiocholine method of KorLLE and FRIEDENWALD (1949)
ThChI.).
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2. Modified thiocholine method of KorrLe (1950) (ThCh II.).

3. Further modified thiocholine method of KorLLE (1951) (ThCh IIL.).

4. Thiocholine method after formol fixation of GEREBTZOFF (1953)
(ThCh VIL.) at pH 5, 6 and 7.4.

“ 5. Thioacetic acid method of CrREVIER and BELANGER (1955) modified
by SAvay and Csinuix (1959) (ThAc).

6. Indoxilacetate method of BARNETT and SELIGMANN (1961) with 10’
incubation.

7. Inhibiting agents applied:

a) Eserin in 1073 concentration.
b) DFP in 103 to 10~#% concentration.

Since the temperature of incubation is with the ThCh 1., 11I., I11. and VII.
and with the indoxilacetate method according to specifications 37° C which
considering the living conditions of the mussel can not be regarded as physio-
logical, we performed these reactions besides the prescribed temperature also
at 18 to 20° C.

As incubation period we applied uniformly 30 minutes with the exception
of the indoxil acetate method and the sections were exposed during the same
time also to the action of the inhibiting agents.

Abbreviations were used according to the book of KoELLE (1963).

Results

With each of the thiocholine methods (ThCh I., II., ITI. and VIL.) both
when acetylthiocholine iodide (AThCh) and butyrilthiocholine iodide (BuThCh)
were used as substratum we observed diffuse granulated activity on the sarco-
lemma. of the muscle cells and in the surrounding endomysium ( #%g. I). The
differences between the results obtained with the two kinds of substratum
is that the BuThCh is somewhat weaker than the decomposition of "AThCh.
At pH 7.4 applied with the method ThCh VII also the nuclei exhibit ChE acti-
vity. Hydrolysis of AThCh did not differ at 37° C and 18 to 20° C incubation -
temperature respectively but BuThCh at 18 to 20° C gives only very low
positivity. In the individual thiocholine methods no substantial difference can
be observed in the localization of enzym activity when the nucleus activity
found at pH 7.4 is disregarded.

The ThAc method had negative results, nowhere did we observe positi-
vity in the muscle with this method.

The indoxil acetate method resulted in positivity of identical localization
“with the result obtained by the thiocholine methods. The reaction proceeds
rather intensively also at room temperature and localization is comparatively
good (Fig. 2.).

Results of examinations conducted with inhibiting agents:

a) 107° M concentration of eserin completely extinguishes the positivity
of all reactions performed.

b) 107°to 108 concentrations of DFP do not inhibit the decomposition
of AThCh;

The BuThCh hydrolysis upon the action of 1072 to 10~ 7 concentrations
of DFP suffers almost complete inhibition.
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Discussion

In the histochemistry of cholinesterase it is a generally accepted fact
that specific cholinesterase (AChE) splits AThCh and that DFP in a 10°
M or lower concentration does not exercise an inhibiting effect on the enzyme.
According to our investigation sarcolemma and endomysium of the adductor
muscle of Anodonta cygnea in diffuse granulated distribution constains such
enzyme as corresponds to the above criteria. The enzyme responsible for the
decomposition of AThCh can be inhibited by the 10~5 M concentration of
eserin which separates it from the aliesterases. In the adductor muscle, how-
ever, also in the sarcolemma and endomysium the hydrolysis of BuThCh too
occurs. This decomposition can be almost completely inhibited with the
1072 and 10~ 7 M concentrations of DFP. From these data it appears that the
adductor muscle contains both AChE and BuChE. The effect of the latter
is inhibited by the 10~2 to 10~7 M concentrations of DFP but also AChE is
capable to decompose BuThCh to a lesser extent and therefore the inhibition
of the splitting of this substratum is not complete. It is to be noted also that
the decomposition of BuThCh at 18 to 20° C is less intensive than at 37° C
while the hydrolysis of AThCh proceeds at the low temperature the same way.

The indoxil-acetate reaction does not afford a possibility to separate the
two kinds of ChE; it only serves for information.

We can not explain the reason why ThAc decomposition does not occur.
It appears that the AChE enzyme of the mussel’s adductor muscle in this respect
differs from the similar enzyme of the mammals.

The diffuse AChE-activity of the sarcolemma is known in the embryonic
stage of the striated muscle of the mammals (KuprEr and KOELLE 1951,
GEREBTZOFF 1955). In the tail muscle of two species, guppy (Lebistes reticula-
tus) and a goldfish (Carassius auratus) LUNDIN (1958, 1959), NACHMANSON
and co-workers (1941) also demonstrated diffuse AChE activity of the sarco-
lemma.

The functional significance of this in the species referred to and in the
mussel is net properly understood as yet. Anyway, the presence of the specific
ChE in the adductor muscle supports the functional role of acetylcholine in
the activity of the mussel. Since no motor endplate was demonstrated up to
now in the adductor muscle and the question of the innervation of the adductor
muscle is not elucidated as yet, we do not know what part the nerve elements
may play in the release of acetylcholine. It is beyond doubt that its separation
both from the smooth and the striated muscle is justified even on the grounds
of such histochemical behaviour of the adductor muscle.

Summary

Sarcolemma and endomysium of the adductor muscle in 4nodonta cygnea
exhibit diffuse, on microscopical granula localized activity.In the adductor
muscle also the hydrolysis of BuThCh proceeds; this process is almost comp-

letely inhibited by the 103 to 10~7 M concentrations of DFP. Hydrolysis =

of AThCh proceeds at 18 to 20° C exactly so as at 37° C but the decompo-
sition of BuThCh occurs at the lower temperature with less intensity. The
ChE enzyms of the adductor muscle do not split the thioacetic acid
With the indoxil acetate method an intensive positive result is obtained.
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The positivity of all reaction discontinues upon the action of 105 M concentr
ation of eserin. Such histochemical behaviour of the adductor muscle also seem-
to point to the fact that we are dealing with a special kind of muscle differens
from both the smooth and the striated muscle.
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CHOLINESTERASE-HISTOKEMIAT VIZSGALATOK’ Z
AZ EDESVIZI KAGYLO (ANODONTA CYGNEA L.) ZAROIZMAN

Zs.- Nagy Imre

Osszefoglalas

Az Anodonta cygnea zardizmainak sarcolemmédja és endomysiuma difféz, mikrosz-
kopos szemesékre lokalizalédé AChE aktivitdst mutat. A zéréizomban a BuThCh hidro-
lizige is végbemegy, ezt a folyamatot DFP 10-3—10-7 M koncentrécidi esaknem teljesen
megsziintetik. Az AThCh hidrolizise 18 —20° C-on is ugyanugy végbemegy, mint 37° C-on,
de a BuThCh bontésa az alacsonyabb hémérsékleten csak kisebb intenzitdssal folyik.
A zérbéizom ChE enzimjei nem hasitjék a thioecetsavat. Indoxylacetdtos mdédszerrel
intenziv pozitiv eredményt kapunk. Minden reakecié pozitivitdsa megsz{inik 10-5M
koncentracioji eserin hatasdra. A zar6izom ilyen hisztokémiai viselkedése is arra utal,
hogy mind a sima, mind a hardntesikolt izomt6l eltérs, specidlis izomféleséggel dllunk
szemben.

I'MCTOXMMUUECKHE HMCCJIENOBAHUST XOJIMHOCTEPA3bI
B 3AIMMPATEJIbHOM MbHULE BE33YBKW (Anodonta cygnea L.)

H. )K.-Hane

CapxoJsieMMa M 3HAOMH3HII 3amUpaTesIbHON MbILIILI 0€33y0KHN MOKA3bIBAET 3€PHUCTYIO
ALETHIXO0JIMHICTEPA3HYIO AKTHBHOCTE. B 3anupaTeibHON MbIIIIe MPOMCXOANT U ruapoius BTX,
9TOT NpOLECC ITOYTH IIOJIHOCTBIO Mpekpauaercss noja Biausguuem JPIT B konuentpauuu
1073—10-7 M, TCuaposus ATX-a npu Temneparype 18—20° C nporexaer Taioxke KaK mpu 37° C,
HO paspyuieHrne BTX npH HU3KUX TeMIeparypax NPOUCXOAUT MeHee MHTEHCHUBHO. XOJIMH-
9CTEepa3Hble 3H3UMBI 3aMUPATEILHOM MBIl HE PACIIEIJISTIOT THOYCKYCHYI0 KHCa0Ty. IIpn npu-
MEHEHHH MHJAOKCHJIAIETATHOI'O0 MeToaa OBLTIH HOJIy‘{eHbl UHTEHCHUBHBIE ITOJIOYKUTEIIbHBIE p€3y.ﬂb-
TaThl. [T0JI0)KUTENLHOCTD KAXK/0M peakiiny IPEKPaNaeTcsi Ipu aaye 93epHHA B KOHUEHTPALUH
1073 M. Takoe THCTOXMMHYECKOE II0BEJeHHE 3amHpaTeJbHOH MbIIIBI YKa3biBACT HA TO, 4TO
BeChb 1IMEEM JIeJI0 CO CrielM(HUecKHM BHAOM MBIIIIBI, OTJMYAIONMMCS U OT MIaAKOi U 0T Iomne-
PEYHOIO0JI0CATON MBILIIIEH.









Fig. 1. Cross section picture of the posterior adductor muscle. ThCh VII. method with
acetylthiocholine iodide substratum, at pH 5, 37° C. Staining of nucleus with haemalaun.
Enlargement 441 X. The granular AChE activity of the sarcolemma is readily visible
1. abra. Hatsé zaroizom ,,s0tét” részének keresztmetszeti képe. ThChVIIl. mddszer acetyl-

tbiocholinjodid substrattal, pH 5, 37° C mellett. Magfestés haemalaunnal. 441 X nagyitas.
A sarcolemma szemcsés AChE aktivitasa jol lathaté

Fig. 2. Cross section picture of anterior adductor muscle. Indoxil acetate method at 20° C.

The ChE activity of the sarcolemma is marked by the dark granules. Enlargement 441 X

2. abra. Elulsé zaroizom keresztmetszeti képe. Indoxylacetatos mddszer, 20° C-on. A sar-
colemma ChE aktivitasat a sotét szemcsék jelzik. 441 X nagyitas
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