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A HISTOCHEMICAL STUDY OF CHOLINESTERASE ON THE 
ADDUCTOR MUSCLE OF THE FRESH WATER MUSSEL

(ANODONTA CYGNEA L.)

IM R E  ZS.-N A G Y  
R eceived  M arch 10th 1964

According to data found in literature the smooth muscle fibres of the 
mammals contain only non-specific, Butyrocholinesterase (Mohr 1955, 
K oelle 1951, G rieten  and Gerebtzopf 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 o f 
Lamellibranchiata acetylcholin is involved in excitation and inhibition of the 
muscle elements and subsequently to neostigmin treatment the adductor 
muscle tone significantly increases (Pu ppi 1963).

Contradictory data are found in literature on the histological structure 
of the adductor muscle in Anodonta cygnea. Some authors (Margó 1861, 
Schafper 1922) regard it as a striated muscle, others (Engelmann 1881) 
as a spiral muscle, again others (Brück 1914, Marceatj 1909) as a smooth 
muscle íknd 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 B owden 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. Ábrahám and Minker  (1959) denied that the ad­
ductor muscle has such diffuse innervation. Our own investigations concerning- 
the structure of the adductor muscle (Zs. N agy, Salánki 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 K oelle and F riedenwald  (1949), 
ThChL).



154

2. Modified thiocholine method of K oelle (1950) (ThCh II.).
3. Further modified thiocholine method of K oelle (1951) (ThCh III.).
4. Thiocholine method after formol fixation of Gerebtzoet (1953) 

(ThCh VII.) at pH 5, 6 and 7.4.
5. Thioacetic acid method of Crevier  and B elanger (1955) modified 

by Sávay and Csillik  (1959) (ThAc).
6. Indoxilacetate method of Barnett and Seligmann (1961) with 10’ 

incubation.
7. Inhibiting agents applied:

a) Eserin in 10~5 concentration.
b) DFP in 10~3 to 10~8 concentration.

Since the temperature of incubation is with the ThCh I., II., III. 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 
a t 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 K oelle (1963).

Results

With each of the thiochobne methods (ThCh I., II., III. andVII.) 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 (Fig. 1). 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 enzvm 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 ol 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)  10~5 M concentration of eserin completely extinguishes the positivity 

of all reactions performed.
b) 10 _5 to 10 ~8 concentrations of DFP do not inhibit the decomposition 

of AThCh;
The BuThCh hydrolysis upon the action of 10-3 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 DPP in a 10~5 
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 
10-3 and 10“ 7 M concentrations of DPP. Prom these data it appears that the 
adductor muscle contains both AChE and BuChE. The effect of the latter 
is inhibited by the 10 ~3 to 10"7 M concentrations of DPP 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. I t 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. 
I t 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 (K tjpfek and K oelle 1951, 
Gerebtzoff 1955). In the tail muscle of two species, guppy (Lebistes reticula- 
tus) and a goldfish (Carassius auratus) Ьтлгош (1958, 1959), Nachmaítson 
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 not 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. I t 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 Anodonta cygnea 

exhibit diffuse, on microscopical granula localized activityrTn the adductor 
muscle also the hydrolysis of BuThCh proceeds; this process is almost comp­
letely inhibitéd by the 10~3 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 10 ~5 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 different 
from both the smooth and the striated muscle.
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C H O L IN E S T E R A S E -H IS T O K É M IA I V IZ SG Á LA T O K  
AZ É D E S V ÍZ I K A G Y LÓ ' (A N O D O N T A  C Y G N E A  L.) ZÁ R Ó IZM Á N

Z s.- N a g y  Im re  

Ö sszefoglalás

A z A nodonta cygnea zá ró izm ainak  sa rco lem m ája  és endom ysium a d iffúz, m ik ro sz­
kópos szem csékre lokalizálódó  A C hE  a k tiv itá s t  m u ta t .  A  záró izom ban  a  B uT hC h h id ro ­
lízise is végbem egy, ez t a  fo ly am a to t D F P  1 0 -3 — 1 0 -7  M koncen trác ió i csaknem  te ljesen  
m eg szü n te tik . Az A ThC h hidro líz ise  18—20° C-on is u g y an ú g y  végbem egy, m in t 37° C-on, 
d e  a  B uT hC h b o n tá sa  az a lacsonyabb  hőm érsék le ten  csak  k isebb  in ten z itá ssa l fo lyik. 
A  záróizom  C hE enzim jei nem  h a s ítjá k  a  th io ece tsav a t. In d o x y la c e tá to s  m ódszerrel 
in te n z ív  p o z itív  e red m én y t k ap u n k . M inden  reakció  p o z itiv itá sa  m egszűn ik  1 0 - 5 M 
k o n cen trác ió jú  eserin  h a tá s á ra . A  záróizom  ily en  h isz tokém ia i viselkedése is a r ra  u ta l , 
hogy  m in d  a  sim a, m ind  a  h a rá n tc s ík o lt izom tó l e lté rő , speciális izom féleséggel á llunk  
szem ben.

ГИСТОХИМИЧЕСКИЕ ИССЛЕДОВАНИЯ ХОЛИНЭСТЕРАЗЫ 
В ЗАПИРАТЕЛЬНОЙ МЫШЦЕ БЕЗЗУБКИ ( Anodonta,cygnea L.)

И. Ж.-Надь

Сарколемма и зндомизий запирательной мышцы беззубки показывает зернистую 
ацетилхолинэстеразную активность. В запирательной мышце происходит и гидролиз БТХ, 
этот процесс почти полностью прекращается под влиянием ДФП в концентрации 
10~3— 1СГ7 М, Гидролиз АТХ-а при температуре 18—20° С протекает также как при 37° С, 
но разрушение БТХ при низких температурах происходит менее интенсивно. Холин­
эстеразные энзимы запирательной мышцы не расщепляют тиоускусную кислоту. При при­
менении индоксилацетатного метода были получены интенсивные положительные резуль­
таты. Положительность каждой реакции прекращается при даче эзерина в концентрации 
10~5 М. Такое гистохимическое поведение запирательной мышцы указывает на то, что 

•здесь имеем дело со специфическим видом мышцы, отличающимся и от гладкой и от попе­
речнополосатой мышцей.





Fig. 2. 
2. ábra.



Fig. 1. Cross section p icture of the posterior adductor muscle. ThCh V II. m ethod w ith 
acetylthiocholine iodide substratum , a t  pH  5, 37° C. Staining of nucleus w ith haem alaun. 
E nlargem ent 441 X . The granular AChE ac tiv ity  of the sarcolemma is readily visible
1. ábra. H átsó záróizom „ sö té t” részének keresztm etszeti képe. ThCh V II. m ódszer acetyl- 
tbiocholinjodid substrá tta l, pH  5, 37° C m ellett. Magfestés haem alaunnal. 441 x nagyítás.

A sarcolem ma szemcsés AChE ak tiv itása  jól lá tható

Fig. 2. Cross section p icture of an terior adductor muscle. Indoxil acetate  m ethod a t 20° C. 
The ChE ac tiv ity  of the sarcolem ma is m arked by the dark  granules. E nlargem ent 441 X
2. ábra. Elülső záróizom keresztm etszeti képe. Indoxylacetátos módszer, 20° C-on. A sar­

colemma ChE ak tiv itá sá t a sö tét szemcsék jelzik. 441 X nagyítás
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