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Correlation of Morphological Diversity of Motor Endplates
with the Muscle Function in Certain Vertebrates
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Histochemical localization of acetylcholinesterase (AchE) was studied in the motor endplates of
locomotor muscles of certain vertebrates. Endplates are in the form of simple linear strands with fine
ramifications in bird pectoralis and discrete patches in gastrocnemius muscles of certain animals studied.
Slow muscle has large size and more endplate number. The morphological diversity (shape, size and
number) of endplates has been related to the different functional roles assigned to the muscles.
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Introduction

Histochemical localization of  acetyl-
cholinesterase (AchE) has been widely carried out
for its occurrence, distribution and pharmacologi-
cal properties of neuromuscular junctions of verte-
brate skeletal muscles (Chinoy & George 1965,
Dubale & Gita Patel 1974, Nene 1977, Ono 1982,
Gleeson & Johnston 1987). AchE is distributed
along primary and secondary clefts and also along
the axolemma of axon terminal (Rash & Elisman
1974). Anatomical correlates that may facilitate
motor neural selectivity include muscle unit and
endplate distribution pattern within the muscle
and fiber type composition (Botterman et al.
1978). Fiber types with every possible combina-
tion of contractile properties and innervation pat-
terns exist in vertebrate muscles (Morgan & Proske
1984).

The present study relates the morphological
diversity of myoneural endplates in different
muscles to the presumed usage of muscle units for
different locomotor patterns (swimming, flying,
sprinting/running). The functional role of myoto-
mal muscle for swimming, gastrocnemius for run-
ning and pectoralis for flying has been amply re-

cognised (Talesara & Goldspink 1978, Johnston
1981, Rosser & George 1984, Armstrong & Phelps
1984). Soleus muscle of mammals performs the
function of balancing and stabilising during
standing (Armstrong & Phelps 1984).

Materials and Methods

Different animals [ Heteropneustes fossilis, Channa
punctata (fishes), Rana tigrina (frog), Hamidacty-
lus flaviridus (lizard), Columba livia (pigeon), Rat-
tus norvegicus (rat), Funambulus sp. (squirrel)]
were purchased and killed by anaesthetising with
ether. The myotomal muscle (fish), gastrocnemius
(frog, lizard, pigeon, rat), pectoralis (lizard, pige-
on) and soleus muscles (rat, squirrel) were excised
and kept in cold. The muscle fibers were stained for
acetylcholinesterase using incubation medium
prepared according to acetylthiocholine method
of Gomori (Pearse 1968).

Freshly teased out muscle fibers were incubated
in the medium at 37°C. After rinsing in three chan-
ges of saturated Na,SOj solution, the tissues were
treated with yellow ammonium sulphide. The pre-
paration was washed briefly and mounted in glyce-
rine jelly. Sites of cholinesterase activity appeared
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as brownish spots. Control slides were made by
incubating in substrate free medium. Incubation
time was varied for different muscles showing diff-
erent activity of the enzyme (table 1) to obtain disc-
ernible and comparable results. Motor endplate
size was measured as the longest dimension with an
ocular micrometer.

Results and Discussion

The present results showed a qualitative difference
in the structures of motor endplates of locomotor
muscles. In comparison to frog (figure 1d), lizard
(figure le and f), pigeon (figure 1g and h) and rat
(figure 1i, j and k) muscles the endplates of fish
myotomal muscles were more simple with linear
strands extending along the fiber length (figure la,
b and c). The endplates of fish white muscle fibers
were found to be diffused as compared to fish red
myotomal muscle (figure la, band c¢). The simple
endplate structure of fish myotomal muscle can be
explained by the only function of moving the axial
musculature side to side against the viscous
medium of water whether slowly or quickly com-
pared to tetrapod muscle which needs to adjust to
the changing gravitational forces. Muscle fibers in
higher vertebrates probably have a stronger
trophic dependence on motor neuron as com-
plexity of motor endplate is related to the amount

of substance transmitted or control exerted on
muscle fibers (Beerman et al. 1977).

The motor endplates of frog and lizard were
localised as dark packets for their quick release of
enzyme for the forceful, high speed and short lived
action during sprinting/hopping compared to
fatigue resistant units as in pigeon flight muscle
(figure 1g) where they were in the form of strands
with fine ramifications. This is also consistent with
the fact that the endplates of sprinters showed the
highest activity compared to sustained fliers or
runners (table 1). The locomotor muscles in gene-
ral showed focal innervation which is adaptive for
maximum power output. The results are in agree-
ment with the earlier reports (Chinoy & George
1965, Nene 1977, Robinson 1987) made with res-
pect to the muscles studied by them.

In comparison to peripheral gastrocnemius
muscles of mammals, soleus is maximally active
during long standing (Smith et al. 1977, Walmsley
et al. 1978) and the muscle develops maximal force
in this postural mode (Walmsley et al. 1978). It
follows that slow oxidative fibers in soleus muscles
continuously produce high force to maintain
posture, would be large relative to less active
peripheral fibers of gastrocnemius for posture
maintenance. Large size and closely packed end-
plates in the soleus muscles observed (figure 1j & k)

Table 1 Morphological features and acetylcholinesterase activity (histochemical) of certain vertebrate locomotor muscle

endplaies
Animal/Muscle Endplate shape Endplate Acetylcholinesterase Muscle
size activity function
Fish Myotomal (white) Linear strands — Moderate Swimming
Fish Myotomal (red) Linear strands — Low Swimming
Frog (gastrocnemius) Compact packets 35 - 40p High Hopping
Lizard (gastrocnemius) Compact packets 35 - 40p High Sprinting
Lizard (pectoralis) Compact packets 25 - 30p High Sprinting
Pigeon (pectoralis) Strands with fine 20 - 25p Moderate Flying
ramifications
Pigeon (gastrocnemius) Oblong thickening 20 - 25p Moderate Walking
Rat (gastrocnemius) Rounded multilobular 50 - 35 Moderate Running
Squirrel (soleus) Multilobular 5G - 60p Moderate Standing
Rat (soleus) Multilobular 55 - 60p Moderate Standing
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Figure 1a-k Teased muscle fibers of different vertebrates stained for acetylcholinesterase { x 120): a.
Fish-red myotomal; b. Fish-white myotomal: e. Fish-white myotomal; d. Frog gastrocnemius; e, Liz-
ard gastrocnemius; f. Lizard pectoralis; g. Pigeon pectoralis; h. Pigeon gastrocnemius; i Ral gastroche-
mius; j. Squirrel soleus; k. Rat soleus
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are an adaptation for slow and sustained activity of
muscle as ample evidence exists to support the
positive correlation between the area of motor en-
dplate, size of muscle fibers and muscle function
(Ogata 1965, Ip 1975, Beermann et al. 1977). Slow
muscle of cat contained larger endplates than fast
muscles as reported by Dias (1974).

Thus, the endplate structure, size and number
were found to be related to the activity of acetyl-
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